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Research and Development Composition
and Labor Productivity Growth in 16 OECD Countries
Abstract
Using data for 16 OECD countries from 1973to 2000, we show that growth
in labor productivity is highly responsve to busness research and
developnent (R&D) expenditures. Increasing busness R&D by 0.1 percent
of GDP increases per capita income between 0.9 and 1.8 percent in thelong
run. In public R&D, only expenditures on higha eduaation hawe a
ggnificant postive effect on labor produdivity growth. In our
deconpostion of the sectoral R&D into a pure R&D intengty effect and a
sectoral size effect, results show that elagicity of labor produdivity with
respect to these variables differs by sector. The postive size effect
dominates the high-tech manufacturer, whereas it is the intensity effect that

drives the postive correlation beween mediumlowtech manufacturer
R&D andlabor produdivity. (JEL 032, 0O40)

I. Introduction

One of theimportant lessonslearned from thewave of empirical growth research in thelast

15 yearsisthat no single factor determines a county@ growth rate. Using a broad set of

88 countiestha indudes both developed and less-devel oped counties, Xavier Sala-i-Martin et
a. (2009 identify 18 variables (outof a set of 67 potential candidaes) that are significantly
related to growth. However, mog of these significant variables represent differences between the
less- and mog-developeal countries. Thelist of potentia variables to explain econonic growth
becomes much smaller when oneattempts to explain standard-of-living differences across
developal counties. From both atheoretical and an empirical point of view, thevarious
measures of R& D expenditures are genealy consdered the mog important of these potential
variables. Since R&D is carried outmogly in developed counties and the extent of theR& D
varies throughtime and across counties, its ability to explain thevariationin produdivity

growth in developed counties can be potentidly very high. Thefindingsof Rachd Griffith et a.



(2004)indicate that R& D stimulates produdivity growth througha technological catch-up and
an innovdion channdsin apand daa study of indudries and twelve developed countries.

Alongthisline theobjective of this paper isto evduae empirically the contribution of
variouscomponents of R& D expenditure to promoting econonic growth across a set of counties
in the Organization for Econonic Co-opeation and Development (OECD). More specifically,
we will address thefollowing questions How effective are private and public R& D expenditures
in raising labor produdivity in developad counties? As for the paformance of public R&D, do
govanment intramural R&D and highea education R& D have similar effects? Does a dollar
spent on R& D in every sector of the econony hasthe same effect or does it differ by sector? Isit
theR&D intengty in the sector or the size of the sector or both tha matters for overall labor
produdivity growth? Wha istherole of foreign R&D in promoting domestic labor produdtivity?
To answer these questions we use atime-series and cross-section (TSCS) empirical modd of
annud daa from 1973to 2000for 16 OECD counties." Dueto data limitations the empirical
andysis dealing with public R&D covers only the period of 1981to 2000,and the decompostion
of busness R&D into R&D intendty and size of the sectorsis andyzed for the 1979to 2000
period.

Thequestionsposd are notentirely new; previousresearchers have attempted to answver
some of them. Broadly speaking, two threads of literature deal with cross-county R&D studies.
Oneestimates theimpact of R& D expenditure on variousmeasures of labor produdivity growth;
the second focuses on R& D@ impact on total factor produdivity (TFP) growth. Thusthe

estimated codficients onthe R& D variablesin thefirst type of modd capture thetotal effect

! The countriesincluded in the study are Australia, Belgium, Canada, Denmark, Finland, France, Germany, Ireland,
Italy, Japan, Netherlands, Norway, Spain, Sweden, the United Kingdom, and the United States.



(both direct and spillover) of R& D intheeconony. Thesecondthread, studying therelationship
between TFP growth and R& D, estimates only thespillover effects of R&D.?

Thefirst typeof literature, pioneered by Walter Nonnaman and Patrick Vanhoudt(1996,
uses the now-standad conve gence-growth regression framework, derived from thetrangtiond
dynamics of the neo-classical growth mode (N. Gregory Mankiw et al., 1992)° Nonnenan and
Vanhoud@ (1996)contribution extended Mankiw et a. (1992)by incorporating the R& D capital
as an additiond explanatory variable into the extended Solow growth modd.* In this framework,
they find tha the Solow modd, augmented further by the addition of R& D, has subgantialy
greater explanaory power compared with that of Mankiw et a. (1992) andtha theR&D
variable is significant at the 10 percent level. Thepostive patial correlation between aggregae
R&D expenditure and GDP per capita or labor produdivity growth across OECD counties has
been confirmed in KatarinaKeller and Panu Poutvaara (2003)and OECD (2003)

In the secondtypeof literature, several studies have estimated theimpact of R&D (bath
domestic and foreign) on TFP growth.” DomininqueGudlec and Brunovan Pottelshergedela
Potterie (200]), in astudy closly related to ours, investigate the long-term effect of various

types of R& D ugng an error-correction modd (ECM) for 16 OECD counties over the period

2 As explained in Charles R. Hulten (2001), since the calculation of TFP includes total production costs including
R& D capital any positive relationship between TFP and R& D capital is considered a spillover effect. Thisis
particularly so in business R& D. In this case, the private resources devoted to R& D are included in the economy®
stock of capital and pool of labor at the aggregate level. Thus, if there are no spillovers of R& D and the standard
assumptions underlying the calculation of TFP hold (notably, perfect competition and constant returnsto scale at the
aggregate level), then there should be no relationship between these two variables. The literature showing a positive
relationship between these two variables is therefore the proof of the existence of spillover effects of R&D.

% In a TSCS framework, a convergence-growth model might be viewed as a special case of an error-correction
model (ECM) describing the adjustment of labor productivity toward its long-run equilibrium (steady-state) level.
See Serge Coulombe (2005) for adiscussion of the relationship between an ECM framework, TSCS models and
convergence-growth regressions. The empirical convergence-growth analyses as in Mankiw et al. (1992) and
Nonneman and Vanhoudt (1996) are based on pure cross-section data.

* Mankiw et al. (1992) is an augmented Solow growth model, where they include physical capital asin Solow and
augment it with the inclusion of human capital as another determinant of per worker GDP.

® Some of these are Griliches (1979; 1994), Jeffrey |. Bernstein and M. Ishaq Nadiri (1988), David T. Coe and
Elhanan Helpman (1995), Wolfgang Keller (2002), and Kul B. Luintel and Mosahid Khan (2005).



1980to 1998 Our results regarding therelative effect of public and private R& D expenditures
differ fromtharsto some extent. Aswe will seelater, it also appears tha some of thar results
lack robugdness for aternaive econonetric specifications Furthermore, in contrast to ther
reliance on jug aggregae-level data, we decompo< private R& D expenditure by sector and
estimate the sectoral impact of R&D.

Despite the ussfulness of the second approach in estimating R& D spillover, we bdieve
tha thefirst approach is preferable for our purpo<e for thefollowing reasons First, for cross-
county studies, the convagence-growth modd focusang on labor produdivity or per capita GDP
adjugment is based on a soundtheoretical framework. Unlike labor produdivity convegence, to
our knowedgethere in notheoretical modd predicting tha TFP levels should adjus in asimilar
patern across counties. Second, consdering the data complexity related to measurement errors
when computing even onecounty@ TFP, it is very chdlenging to use cross-county TFP
growth. Third N and mog important as shown in asemind work of Robat E. Hall (1988)N if
there are nonmngant returnsand imperfect compeition, TFP will be a biased measure of actud
unobgrved produdivity growth. Following Paul M. Romer (1990, we know tha R&D is
assodated with inareasing returnsto scale and imperfect competition. If that happensto bethe
case, then wha we consde spillover effects of R&D on TFP would be a biased measure. Hence
we follow thefirst approach and use labor produdivity growth, aterm closely related with per
capita GDP growth, as a dependent variable.?

Thepape contributes to theexisting literature in three ways. First, we estimate the effect
of thevariouscomponents of R& D by decomposng R&D into private and puldic categories and

by dividing public R&D into highe eduation and government. Given thefact tha private and



public R&D can complement as well as subditute, it isimportant to incorporate both types of
R&D sepaately. Furthermore, in theexisting Solow augmented modds, there is no control for
foreign R& D spillover. By introdudngforeign R& D as a control, this pgoer not only sharpen the
precision of theestimate of returns to domestic R& D butwill aso allow us as a by-produd, to
measure theimpact of foreign R&D on domestic produdivity.

Second, we provide a sectoral dimendonto these modds by estimating separately the
impact of busness R& D on high-tech manufacturers, medium-high-tech manufacturers,
medium-low-tech manufacturers, low-tech manufacturers, and servicesindudries. This extenson
is paticularly noteworthy asthereisagenea bdief tha R&D in high-tech sectors should
geneate a highe return to the econony compared with R&D in other sectors. This pgoer, asfar
aswe are aware, will bethefirst to beable to test this perception. We also decompose the impact
of sectoral R& D onlabor produdivity into apure intendty and sectoral-size effects which allows
usto undestand therelative importance of R&D intengty increase in a given sector and size
increase of a sector with given intengty.

Third, rather than studying theimpact of R& D on GDP per capita and TFP, we study the
impact of R&D onlabor prodictivity, controlled for investment intengty. We thereby escapethe
problem related to estimating TFP. Our results should not be biased even if theusud
assumptionsof congant returnsto scale and pefect competition, used in computing TFP growth,
donothold.

Themain findingsof the pgper are asfollows. Thetotal effect of busnessR&D is
postive and strongly significantin all econonetric specifications Theresult showstha a

county with busness R& D intengty 10 pecent higha than thetypical OECD county endsup

® Note that labor productivity growth is equal to the growth in output per working-age person plus the growth in the
employment to working-age-population ratio. Since the latter ratio does not change substantially among OECD



on a steady-state growth pah with alabor produdivity level between 2.4 and 5 percent highe
than thetypical OECD county. In public R&D, only the highe education component producs a
postive effect onlabor produdivity butits effect is not as great as tha of busnessR&D. The
effect of govenment intramural R& D on labor produdivity growth is not significant. However,
govenment has by and large nunber of R& D related objectives to fulfill.

Theresultsin sectoral andysis show tha the high-and medium-tech sectorsOR& D isthe
main source of labor produdivity growth, whereas the R& D activities in low-tech and services
sectors are not significantly correlated with labor produdivity growth. In the high-tech sector,
thepostive effect of R&D on produdivity isdriven only by the size of the sector, not by the
R&D intengty in this sector. Neither size changes nor R& D intendty changes in medium-high-
tech manufacturer affects |abor produdivity. Interestingly, the R& D intengty and size of
medium-low-tech manufacturer affects labor productivity in opposte directions theR& D
intengty effect is postive whereas the size effect is negative.

Therole of foreign R& D spillover in raising domestic labor produdivity growth is
postive butnotrobug. Thislack of robugness might be attributed to the fact tha foreign R&D
spillover may not be measured adequéaely with thetrade tranamission channd. Furthermore, it
apperstha foreign R&D is correlated with public R& D and some sectoral busness R&D.
Overdl, onae tho correlationsare taken into account, theimpact of foreign R& D becomes
prominentin raising domestic labor produdivity growth.

Therest of the pgper is organized asfollows. In Section |1, we develop the empirical
methoddogy. Thedaa are described briefly in Section 1. In Section 1V, we discuss results for

therelationdhip beween labor produdivity growth and public and private R&D. In this section,

countries, growth in output per working age population mimics very closely the growth in labor productivity.



we also describetheresults by decomposng the aggregate R& D expenditure into five sectors.

We condudein Section V.

I1. Theoretical model and empirical methodology

We investigae thereationdhip between variousR& D indicators and econoric growth across
16 OECD counties by usng the convegence-growth framework tha is nowthe standad
empirical approach for andyzing cross-county aggregate daa. This empirical approach, based
onthetheoretical work of Mankiw et al. (1992)and Robet J. Barro and Xavier Sala-i-Martin
(1992) isdeived fromthe convegence property of the neo-classical growth modd and
describes the dynamic adjugment toward the steady-state. The convergence propeaty states that

the growth rate of labor produdivity (log difference) measured in efficiency units of labor! Y,
for county i during periodt, isafundionof theggp beween its steady-state (log) level value
Y., atimetanditsinitial (log)level Y,,, asgivenby AY,, =-g (¥, -Y,,).

For amodd with yearly daa," ! istheannud speed of convegence toward the steady-
state. The convegence propeaty isusudly tested empirically with the growth rate of labor

produdivity bangregressed onitsinitial level and a set of control variables, Z ., used as proxies

it
for the steady-state level, Y[t . Following Serge Coulombe and Frank C. Lee (1995 and Nazrul

Idam (1995) theadjugment modd of labor productivity is often tested by pooling time-series
and cross-section (TSCS) daaN cross-section being either cross-county or cross-region. With
the TSCS technique theerror term can be modded in atwo-way error-correction modd with
time dummies and fixed effects:

(1) AY = BY ataZ +¢ +6,+u,,



where u,  istheidiosynaratic disturbance tha captures the effect of country-specific shoks

temporerily affecting theeconony i during peiodt. Thefixed effects !, capture theunobgrved

time-invariant heterogendty across counties, such astheinitial level of technology.” Theuse of

time dummies 6, in aTSCS empirical modd implies tha all variables are trandormed usng a

cross-sectiond demeaned procedure. In this case, all common shodks to counties are dd eted
fromtheandyss.

Thefirst results reported in this study come from variousestimationsof thefollowing
gpecific formulation of equéion (1):

( Yit =1 Yit'1+" cCCit +" I Iit +”nNit +" OOPENi,t +" erRt +
+" PRt +" frFRt +#br( BRt +#pr( PRt +#fr( FRt +$gG +0/P+& U,

pr

(R1)

Since we are working with an annud data framework, ameasure of cyclical component, CC, ,

has been added to control for short-run busness cycles. The next three variables used as proxies

in Z , arethelogaithm of theinvestment to GDP ratio, I, ; theannud growth rate of the
popuktion,N, , ; andthelogaithm of thetrade (export plusimport) to GDP ratio, OPEN, , .
Amongthecontrol variables, thefirst two, /,, and N, , are the determinants of the steady-state
level in the closed econony version of the Solow growth modd; andthetrade share, OPEN, , is

theusud proxy for opennessin thetrade and growth literature (Jonahan Temple, 1999.2 And G

isthe German 1991dunmmy.

" The drawback of using fixed effectsin a TSCS framework of thistype is that potential controls, Z,, which aretime

invariants or change slowly through time such as ademocracy or arule of law indexes, cannot be used in the
regression.

8 In (non-reported) regressions, we used the log of average years of schooling, a measure of human capital, based on
Angel de la Fuente and Rafael DomZnech® (2002) schooling data as additional control. The point estimates of the
human capital variable were not close to being significant. Furthermore, the introduction of the human capital
variable modifies only marginally the point estimate and the t statistics of the other variables. These negative results
regarding the effect of the schooling indicator on labor productivity across OECD countries concur with the findings



Themain contribution of this pgper istheconsderation of avariety of R&D indicatorsin

theZ, , . Intheregression set-up given by (R1), we foaus on separating the effects of public and
private R& D expenditure to GDP ratiosonlabor produdivity growth. To thisend, we use BR, ,,

thelog of busness paformed R& D expenditure to GDP ratio, and three aternaive measures of

public R&D to GDPratios PR, nanely, public R&D in highe education, government R&D,

and findly thesum of thetwo.
Furthermore, alongthelineof an open econony modd, we also indudean index of

foreign R& D expenditure to foreign GDP ratio, FR.,, to control for internationd R&D

spillovers. The Coeand Helpman (1995 study triggered a subgantial number of studies which
try to explain therelationship between foreign R& D capital stock and domestic TFP growth. In
this effort, some researchers use internaiond tradeas a trander mechanism of foreign R&D
spillover, as did Coeand Helpman (1999; others use foreign direct investment, while yet others
use both (Keller, 2004,provides a detailed survey of foreign technology diffuson). In this pgper,
we use trade flows as a trangmission mechanism of foreign R& D. As shown in Appendix 1, we
use the share of imports normalized by foreign country GDP as weightto aggregate theforeign
R&D of 16 OECD counties. Findly, in the spirit of an ECM, we have also induded thefirst

difference of all R& D variablesin theset of controls.®

of Coulombe et al. (2004). They argue for using literacy test scores rather than average years of schooling, stressing
that literacy test scores are more comparabl e across countries than years of schooling. Unfortunately, the literacy
data are not available for the set of 16 OECD countries used in this paper. Asaresult, human capital is not properly
controlled in our model. To the extent that R& D and human capital are complements, the estimated effects of R&D
on labor productivity growth may be overestimated.

° Before proceeding further, one technical comment might be useful here. Note that the point estimates and t-
statistics of BR, PR and FR variables will be the same whether they are used in lagged forms or contemporaneously
aslong as their first differences are also included in the list of regressors. Consequently, adding thefirst differences
inthe list of regressorsisuseful in that we do not have to test for various | ag structures for the level of R&D
variables.
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In this modding, the short-run dynamics of R& D spending are captured by the 0
parameters, and thelongrunleve effects of thevariousR& D measures and the other steady-
state determinants on the level of labor produdivity are captured by #!6/ 01t isimportant to
note at this point that, asin any other dynamic regression set-up of thistype aslongas
"1<! <0, themodd conveagesto asteady-state regime where the growth rate of labar

produdivity in all countiesis equd to the common growth rate of technological progress.’®

The secondempirical modd used in this pgper isavariant of (R1) andisdesigned to

differentiate the effect of varioussectoral busness R&D expenditures to GDP ratio, BR!, :

it

(Y, =!Yp, +" . CC +" I, +" N, +" OPEN, +)5 " 2 BRY
(R2) . =

+7 FR +) #,(BR, +#,(FR,,+$,G+%+&+u,,

=1

where | indexes thefive sectors: high-tech manufacturers, medium-high-tech manufacturers,
medium-low-tech manufacturers, low-tech manufacturers, and services. In this set-up, the public
R& D variables are withdrawn fromthe control list, allowing usto expand the study period, from
1973to 200Q Theestimation of the aboveequdion allows usto undestand which sectors are
more important in labor produdivity growth. However, since the control variable is the sectoral
R& D to aggregate GDP, it does nottell uswhether the sectoral effect is driven by sectora R&D
intendty or thesize of thesector. To undestand this decompostion, we estimate adightly

different equaiongivenin (R3):

19 Byt this does not mean that the long-run level of labor productivity will be the same across countries: each
country will converge to its own steady-state level. The relative long-run levels of labor productivity across
countries could be different as they are determined by their respective Z, , . Convergence implies that, starting from
aninitial steady-state situation, a shock to one of these control variables exerts atemporary effect on the growth rate

of labor productivity during the transition to the new steady-state, and along-run effect on the relative level of labor
productivity.
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it

( Yo =! Yit'1+” cCCit +" I Iit +”nNit u oOPENi,t +) ! rJi Rli],t +) ”sJSJ,t

(R3) ] ] 1= 1=

+" R +) ! rJi( Rli],t +) ”SJ( Slt +#4( FRt'l+$gG+o/f’+&t +U,
i=1 =1

Theonly difference beween (R2) and (R3) isthat in thelatter, thevariable BR! thelogof
indudry level busnessR&D to GDPratio! isdecomposed into log of indudry busness R&D

to indudry value added ratio (RI) and thelog of indudry value added to total GDP ratio (S).
More, specifically, BR', =In(r /') In(} /v’ ¥y, /¥ )t Ri/), ¥, where r, denotes busness
R&D in sectori, y, denotes valueadded in sector i, and Y istotal GDP. In this specification, RI

measures the partia effect of R&D intengty, for agiven size in terms of value added for the
sector, and (S captures a pure sectoral-size effect, for agiven sectoral R&D intengty.
Regression modds (R1) and (R2) are estimated usng variousTSCS techniques. To
tackle the heteroscedasticity problem N an important issuein TSCS andysis N we present
results fromiterated feasible generalized least-square (FGLS) estimationswith cross-sectiond
weights. With this technique we also report consstent standad errors (HCCME) tha are robug
to theremaining time-series heteroscedasticity. We aso report results from seemingly unrelated
regression (SUR) estimations SUR, which isa Parks estimator, istheleast restricted TSCS
estimation techniqueas theresiduds are assumed to be both cross-sectiond heteroscedastic and
contemporaneoudy correlated. Parks estimations however, are a'so known to potentialy
produce standad errors tha lead to extreme confidence, paticularly when the number of time
seriesis not much larger than thenumber of cross-sections(Nathaniel Beck and Jonahan N.
Katz 1995) For example, in all regression specificationsdealing with modd (R1) for which the
sample period was restricted to 198 E2000duedo daa availability on pubic R&D, SUR

estimationsgenerated high t-statistics for mos point estimates compared to FGLS.



12

We also report results of (R1) and (R2) udng system estimation with ingrumental
variables (1V). First, inadl IV estimations thelog level of labor produdivity, lagged by two
years (Yit2), has been indudead in thelist of instruments. This procedure is known to decrease the
propengty to overestimate the convergence speed dueto measurement error in this type of modd
(Barro and Sala-i-Martin, 2004)and to reduce Stephen Nickel|@ (1981)bias assodated with
fixed-effect estimationsof dynamic TSCS modds. We aso us 1V techniques to surmountthe
problems of endogaousexplanaory variables. To this end, we have induded oneyear lag of
popuktion growth, investment to GDP ratio, and openness variablesin thelist of ingruments.
We report theresults of two different system estimationswith 1V. Thefirst set of results comes
fromiterated weighted two-stageleast-squaes (2SL S) estimation, which isthelV system
equivalent to FGL S estimations The second set isfrom three-stage least-squares (39L5)
estimation, which isthelV estimator andogueto SUR. It thushas the same problem as SUR

regarding overconfidence since it is also a Parks estimator.

III. Data

Mog of thedata used in this study come from the OECD (a more detailed accountof thedaais
given in Appendix 1). Theaggregae R& D daa are from the Main Science and Technology
Indicators database of the OECD. The daa series we used are in 2000congant pricesand in
purchasing power parities (PPPs). Theindugdry level R&D daa are fromthe Andytical Busness
Enterprise R& D (ANBERD) daabase of the OECD. These current-price PPP daafor each
county have been convarted to congant-price PPPs by dividing them by ther own country@
GDP déflator (calculated as aratio of current and congant-price GDP for each county from the

OECD database).
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All indudry-level daa have been computed fromthe Internaiond Standard Indugrial
Classification, Revison 3 (1SIC Rev. 3) and Revision 2 codes. Revison 3 has more indugry
disaggregaion compaed with theearlier version (Revision 2). Sincetheindugry codesin
Revision 2 and Revision 3 differ, we use a conmrdance developed by OECD to convat the
Revison 2 into Revison 3 daa. Findly, the manufacturing indudry daa are aggregated into four
types of manufacturers (high-tech, medium-high-tech, medium-low-tech and low-tech) usng the
technology classification (given in Appendix 2) adopted by OECD. We also study aggregae
Services as a sepaate sector.

Thelabor produdivity, popuktion growth and investment intendty (investment to GDP
ratio) data are taken from Penn World Table (Alan Heston et al., 2002. For labor produdivity,
we use the series QReal GDP chan per worker at 1996 prices.OOur measure of the busness
cycle correction, GDP gap in percentage isobtained from quaterly real GDP data usng Hodrick
and Prescott@ filter with a smoothing parameter of 1600.Theraw data are GDP volume at 2000
congant PPP from OECD (Econonic Outlook Quarterly database) for 32 years (1963to 2004)
Thequaterly cyclical component was then annudized to fit into our sample framework.

Thedaaoninternaiond imports are fromtheBilatera Trade daabase of OECD. For
each county, we used import datato calculate theimport shares of all individud countiesinthe
sample. These shares were then used as weights to aggregate foreign busness R& D expenditure
(asshown in Appendix 1). Since import data are available only from 198Q for theyears 1973to
1979,we us theaverageimport shares of 1981to 1985as weights. Theimport shares are

computed usng daain current-price U.S. dollars.
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IV. Results

Results for theregression set-up (R1) arereported in Tables 1 to 3 for three alternative measures
of public R&D where the sample runsfrom 1981to 2000.Equdion (R1) was also estimated by
dropping thevariables on public R& D and extending the sample period from 1973to 2000and
theresults are reported in Table 4. Results in Table 5 come from the (R2) regression set-upin
which the sample periodisasin Table 4 and public R&D variable is aso taken out, however, the
bugness R& D variable has been divided into five sectors. Findly, results for the regression set-
up (R3), in which thesampleislimited from 1979to 2000and sectoral R& D share in aggregae
GDP isdecomposd into sectoral R&D intendty and size, arereported in Table 6. In thefirst
subsection bdow, we discuss theresults of Tables 1 to 4 followed by theresults of Tables 5 and

6 in thenext subsction.

IV.A. Regressions with private and public R&D

Table 1 refersto the (total) publc expenditure in R& D (PERD), which isthe sum of the
govenment expenditure in R& D (GOVERD) and highe education expenditure in R&D
(HERD). Resultsin Table 2 (Table 3) refer to theregressionsfor which HERD (GOVERD) is
used as the measure of public R&D.

Theresults for thefournonR&D variables (lagged labor produdivity, the busness cycle,
investment and openness) are congstent and robug in all three tables and four
specificationdestimation techniques (FGLS, 29.S, SUR, 39.S). Furthemore, ther paint
estimates have the expected sign: a negative fraction for lagged produdivity level, indicating
conditiond convegence; postive for thebusness cycle, investment intendty and openness

variables. Thevariouspoint estimates for thelagged produdivity variable imply tha the
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estimated convagence speed varies between 6.7 and 11.7 percent. Thisimplies tha the econony
moves hafway to steady-state in about6 to 12 years.™

More importantly, the postive effect of thedomestic busness expenditure in R&D
(BERD) variableisultrarobug in this study. In the 12 reported regression results dealing with
private and public R&D variables (al specificationsin Tables 1 to 3), the point estimates of the
BERD variable are postive and significant at the 1 percent level. On quantitative grounds the
longterm elasticities of these point estimates for this variable vary between 0.24 and 0.50. Thus
according to these results, acounty with abusness R& D intengty 10 percent highe than the
typical OECD county has, inthelongrun, alabor produdivity level between 2.4 and 5 percent
highe. Thisfindingsimply tha, onaverage, if acounty increasesits busness R&D intengty
(percent of R&D in GDP) by 0.1 percent, it will increase its per capitaincome by 0.9to 1.8
percent. It works as follows: with given average R& D intendgty of 1.6 percent in sample
counties, al0percentinaease in R&D intengty resultsin an increase of R& D by 0.16 percent
of GDP. Thus an incease of R&D by 0.1 pacent of GDP inareases labor produdivity by 1.5 (=
2.4/0.16* 0.1) to 3 percent. Consdering average employment to popuationratio of 0.6, the
effect will bean increase in pea capita income of approximately 0.9 to 1.8 percent.

Thisrangeof elagticities falls within therangeof some earlier estimates. For example,
summarizing severa studies, Nadiri (1993)notes tha the elasticities of output with respect to
busness R&D isin therangeof 8 to 30 percent. The OECD (2003)study estimates the elasticity
of real output per working-age popuktion to busness R&D to be0.72, which is much highe

than our results. Our estimates of longrun labor produdivity growth with respect to busness

" This speed of convergence seems rather fast compared with cross-country studies based on pure cross-section
information, studies such as Barro and Sala-i-Martin (2004). However, our estimates of the convergence speed
concur with many time-series cross-country studies that have used fixed effects. For example, Islam (1995) reports a
convergence speed of 9 percent in the fixed-effect specification. The point estimates of population growth also have
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R&D intengty are also in linewith the elasticities obtained in augmented Solow-type modds.
For example, in Nonneman and Vanhoudt(1996) theimplied estimated elasticity of real GDP
per working-age popuktion with respect to R& D intendity is0.232

It isnot astraightforward matter to compare theR& D elasticities foundin this pgoer with
those estimated usng TFP growth (rather than labor produdivity growth) as the dependant
variable. In asimple Cobb-Douglas produdion function with condant returnsto scale, we can
show tha the average labor produdivity growth will be highe than TFP growth if the capital
degpeningisincreasing and the share of labor force with highea margind produd is also
increasing ! Since we expect thisto bethe case for our sample of OECD counties, we expect
theaveragelabor produdivity growth to be highe than TFP growth. However, in such asimple
modd, if we could control propely for the effects of capital degpening and labor qudity in the
estimation, then theregression coefficients in (R1) through(R3) can beinterpreted as an effect
on TFP growth, despite theuse of labor produdivity growth ontheleft-hand side

However, thereal world is certainly different from the ssimple textbooktype modd tha
we have described: therelationship between labor produdivity and TFP growth is far from
linear. Furthermore, the crudal assumption of condant returnsto scale needed for this expression

may not hold, further complicating therelationship between labor produdivity and TFP growth.

the negative sign, as expected from neo-classical growth models. Thisresult, however, is not very robust since it is
not significant at the 10 percent level with FGLS and 2SLSin Table 3.

12 This number is computed from Table IV, upper window, last column, of Nonneman and Vanhoudt (1996) who do
not report long-run elasticities.

13 et the production function be given by Cobb-Douglas specification such that ¥ = AK’ L" , where'Y isoutput; K
is physical capital; and L is number of workers. With the assumption of constant returnsto scale, we can convert this
function into labor productivity per hour by dividing both sides of the equation by hours of works, H. Then taking
log difference, the per hour output growth function can be written as

#In(Y/H)=!#In(K/H)+ "#In(L$H)+#In(A/H). This shows that the per hour labor productivity growth
depends on three factors. The first term on the right-hand sideis capital deepening, the capital services per hour.

The second term is the improvement in labor quality, defined as the difference between growth rates of labor input
and hour worked. If the hours of work by workers with higher marginal product rises, it raises the overall labor
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In this case, even apropea control of capital degpening and labor qudity may not make TFP
growth equivalent to labor produdivity growth. Besides, because of data limitation, we cannot
control al other factorsthat potentially affect labor produdivity growth.

Hence theresults derived usng TFP and labor produdivity growth are notdirectly
compaable. More important, in themoddstha use TFP as adependent variable! asthedirect
impact of busness R& D onoutputis aready at least patly accounted for in TFP!  the
elasticities mug capture mainly spillovers and posibly extraretums(comingin additionto
nomal remuneation of capital and labor) arising from R& D. However, elasticities in our modd
more likely capture thetotal effect (both direct and spillover) of R&D. Thusit is quite reasonable
tha our elasticities are highe than those estimated in modds with TFP growth as a dependent
variable. The OECD study by Gudlec and van Pottelsberge dela Potterie (200]) findsthelong
term elasticity of TFP growth to be 0.13 with respect to busness R& D. Using this nunber asa
norm for spillovers, ourlongterm elasticitiesOrange of 0.24 to 0.50 meansthat thedirect effect
of R&D isintherangeof 0.11 (dightly smaller than spillover effect) to 0.27 (more than doubke
spillover effect).

For R&D carried out by the public sector, there is evidence of a postive effect onlabor
produdivity only in thecase of HERD. Theeffect issignificant a the5 percent level in three
estimation techniques and is significant at the 10 percent level only in 33LS.** Thelongrun

quantitative effect of HERD is not estimated with great accuracy sinceit is aboutfour times

productivity. The last term is TFP growth, which increases labor productivity on a point-for-point basis (see Dale
W. Jorgenson and Kevin J. Stiroh [2001] for similar expression).

14 Asfor the R&D carried out in the public sector, it isimportant to note at the start that the HERD variable is highly
positively correlated with BERD. In a TSCS framework, thisis best illustrated by the results of a simple pooled
least-squares bivariate regression where BERD isregressed on HERD (without a constant since both variables are
expressed as a deviation from the cross-sectional sample mean). In thistest, the slope parameter of the higher

education variable was 1.03 with at-statistic of 18.8 and R?of 0.50. The correlation between GOV ERD and BERD
was much wesaker. In the same type of bivariate regression (with BERD regressed on GOV ERD), the point estimate

of the slope parameter was 0.11; the t-statistic was 2.23, and R? was close to zero.
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smaller (0.06 versus0.24) when it is estimated with SUR and 39S compared with FGL S and
29LS. Neverthdess, thelongterm elasticity of government- and university-performed research
on TFP of around0.17 estimated by Gudlec and van Pottelsberge dela Potterie (2001)falls
within ourwiderangeof estimates. The point estimates and the standad errors of the highe
education variable changeonly margindly when thebusness R& D variable is droppel from the
regression. This pointis worthy of attention since as mentionead earlier, highea education and
busness R&D are highly correlated.

Thehypotheses tha the PERD (Table 1) and GOVERD (Table 3) have a postive effect
onlabor produdivity are rejected by theresults. Tables 1 and 3 show tha the point estimates for
these two public R& D variables are even negaive and significant at the 1 percent level with the
SUR and 39S estimations These results conaur with the recent OECD study (2003 tha reports
anegaive and significant estimate for the codficient of puldic R&D in per capita output growth
regression with the same type of estimation techniques (Table 2.6, Column 2). However, with
FGLS and 29_S specifications the paint estimates for PERD and GOVERD !  athough
inggnificant! arepostive. In ourview, we should not give much weightto SUR and3SLS
results when they conflict with those in FGLS and 29 S. Parks estimationstha correct for the
contemporaneoudy correlated errorsin TSCS models (such as SUR and 39LS) are known, as
discussed earlier, to sometimes undeestimate the sandad errors dramatically andlead to
overconfidence. Accordingly, we bdieve tha it is more appropriate to condudethat the
hypotesis of apostive effect of public R&D variables, other than university education, is
regjected by thedaarathe than to put theemphasis on the norrobug negative effect of public

R&D.'°

> \We also estimated (R1) using GOVERD and HERD as two separate variables (instead of using the sum, PERD, as
donein Table 1). In this specification only HERD was positively significant.
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Our reaults regarding the effect of public R& D, however, are in contrast to those of
Gudlec and van Pottelsberge dela Potterie (2001 where they report a postive and significant
effect for public R&D on TFP growth usng SUR and 39S estimates. While duplicating ther
empirical studiesusng thar daabank, we foundthat thar reported results regarding public
R&D were notrobug with FGLS and 29_S. Therefore, the significance of thar estimates
regarding public R&D mightwell be attributed to the tendency of Parks estimatorsto provide
overconfident results.

Findly, thepoint estimate of theforeign R&D indicator is postive throughou all
specificationsin Tables 1 to 3. It is significant, however, only with SUR and 3SL S estimationsin
Tables 1 and 2 only. Theelagticity of labor produdivity with respect to foreign R& D varies
significantly across variousestimations whenever theforeign R& D variable is significant, its
elasticity isin therangeof 0.32to 0.54. Thisisin linewith Gudlec and van Pottelshergedela
Potterie (2001 who estimate thelongterm elasticity of TFP growth with respect to foreign R&D
to bein therangeof 0.45t0 0.50.'° In their modds, unlike ours, theforeign R&D variableis
significant in al specifications Agan, in duplicating thar results, we foundtha the significance
of thar variable did not surviveto FGLS and 23S estimations

Neverthdess, theindgnificance of foreign R& D variable in 8 of the 12 cases and in all of
our preferred estimation techniques of FGLS and 2SL S is unexpected. Having said tha, we
would like to stress tha theinggnificance of theforeign R& D variable may not necessarily
mean tha there are no spillover benefits from foreign R& D capital. Wha it meansistha the

spillovers of foreign R& D may not be completely tranamitted throughimports, which is not new

1¢ Since the foreign R&D is not accounted for in GDP, even if we have labor productivity on the left-hand side, we
will be estimating spillover asif we are using TFP as dependent variable. This is because the domestic opportunity
cost of foreign R&D is zero.
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in theliterature.’” It may also bedueto thefact that, althoughforeign R& D has spillovers that
pass throughimports to domestic econony, thetest fails to show thisresult astheforeign R&D
variable is correlated with other control variables used in themodd. (Thisissuewill be discussed
more in thefollowing subsection.)

By dropping the public R& D variable from thelist of controls, we are able to extend the
sample to the 1973 to 2000period. Theresults from this extended sample, displayed in Table 4,
illugrate therobugness of theimpact of busness R& D. The paint estimate of busnessR&D is
aways postive and significant at the 1 percent level. Furthermore, thelongterm elaticities of
labor produdivity to busness R& D falls between 0.28 and 0.53, arangevery similar to theone
estimated with the shorter sample. The point estimates of theforeign R& D ind cator are postive,
buttheeffect isnottha robug as the point estimates are not significant at the 5 percent level in
three out of four cases.

AsforthenonR&D variables, three variables (lagged labor produdivity, thebusness
cycles and the openness) display the same robugness asin Tables 1 through3. They all have the
expected sign and are significant at the 1 percent level with al four specifications However, the
effect of theremaining nonR&D variable, investment to GDP ratio, is significant at the
1 percent level only with FGLS and SUR. In 1V regression, it is significant only at the 10 percent
level with 29_S estimations and thet-ratio isonly 0.21 with 39LS. Theseresultsillugrate a

well-known fact in growth empirics: the correlation between investment and growth does not

7 n their study, Coe and Helpman (1995) find a positive and qualitatively large effect from import-weighted
foreign R&D, where 1 percent increase in R& D capital stock in the United States raises the average productivity of
22 OECD countries by about 0.12 percent. However, Keller (1998) shows that, to generate Coe and HelpmanG
result, using import share to aggregate foreign R& D variable (implying that import is the spillover channel) aswas
donein Coe and Helpman (1995) is not essential. Specifically, Keller uses randomly created shares in place of
actual bilateral import shares to create the counterfactual foreign knowledge stock. Using this alternative foreign
R&D variableyields similarly high coefficients. Given that import shares are not essential to obtain Coe and
Helpman( (1995) results, their analysis does not allow us to draw strong conclusions regarding the importance of
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aways Gurvive the use of ingrumental variablesO(Temple 1999 p. 137). Given the potential
endogadty problem, when investment ratio is correlated with the error term, theresults of 1V
estimationsshould be preferred. The nonsgnificant or weakly significant effect of this variable
with the IV method somehow tempers therobugness of a postive effect of investment intengty
in labor produdivity growth.

IVV.B. Decomposng the effect of business R&D

We now turn to the sectoral andysis with results presented in Table 5 usng the same
sample peiod of 1973to 2000as in Table 4 and decomposng thebusness R&D variable into
five sectors. highttech-manufacturers (HTM), medium-high-tech-manufacturers (MHTM)),
medium-low-tech-manufacturers (MLTM), low-tech-manufacturers (LTM) and services. The
decompostion appears very ussful since it yieldsthree different sets of results for
technologically different sectors.

Firgt, for thebusness R& D in high-tech and medium-low-tech, the point estimates are all
postive and significant at the 1 percent level. Furthermore, thelongterm elasticities appear to be
estimated relatively precisely across the variousestimation techniques since they vary between
0.13 and 0.16 for the high-tech manufacturing and between 0.10 and 0.19 for the medium-low-
tech.

Second,the point estimates of the medium-highttech manufacturers are al postive, but
theresult isnotrobug. The paint estimates are notsignificant at the 5 percent level with FGLS
and 29_S butthep valuesin this case are in the neaghbohoodof 10 percent. The estimated long-

term elasticities for this sector® busness R& D are, however, in the same rangeas thoe for the

imports as a vehicle for diffusion. Similarly, Griffith et al. (2005) also find only asmall effect of tradein TFP
growth (statistically significant only at the 10% level).
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high-tech and the medium-low-tech sectors. In this sector too, overall there is some evidence (but
not tha robug) in favor of apostive effect of thisR&D component on labor produdivity.

Third, thenull hypohesis of a postive and significant effect for thelast two components,
low-tech manufacturers and services, is clearly rejected by thedaa. Agan, thenegaive signis
significant even at 1 percent for thelow-tech sector with SUR and 39LS. But we bdieve tha
giving too much importance to these results is misleading, given thetendency of Parks
estimationsto create overconfidence in regjecting the null.

Hence, therobud postive impact of aggregae busness R& D onlabor produdivity in
Table 4 should have been driven mainly by busness R&D in high-tech and medium-low-tech
manufacturers, and less so (if any) by medium-high-tech manufacturers. It seems somewha
counterintuitive tha busness R& D in medium-low-tech manufacturers is more effective for
labor produdivity than medium-high-tech manufacturers. However, it should bebomein mind
tha this result may not necessarily mean tha therate of return to R& D in medium-low-tech
manufacturing is highe than in medium-high-tech.

Findly, thepoint estimates of foreign R& D have improved in thelonge time period
modd compared with those in the shorter period (resultsin Tables 4 to 5 versusresultsin
Tables 1to 3). Loosely speaking, they improved after we excluded the puldic R&D fromthe
estimation. It improves further once we decompose the R& D into five sectors; the coeficients of
foreign R& D are now postive and significant at least at the 5 percent level inall four
regressions

Next, we would like to see whether theresultsin Table 5 are driven by theR&D
intendties or by thepure size (indudrial structure) effects. For this purpose, we estimate the

gpecification (R3) by limiting the sample from 197 to 200Q as sectoral value added data prior
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to 1979were not consstently available across counties. Asthevariables popuktion growth
rates, German dummy and theR&D in LTM sector were not significant, we dropped them from
the control and reported only theresults on longrun elasticitiesin Table 6.

Theresults show that thesize effect in the HTM sector inareases labor produdivity. A
county with aHTM sector 10 percent large than thetypical OECD counties endsupona
steady-state growth path with alabor produdivity level of 2.6 to 3.4 percent higha. Theimpact
of R&D intengty inthe HTM sector isnotrobug; it is postively significant with FGL S but
inggnificant with SUR. Therelative effectiveness of the size variable in the high-tech sector can
result fromthefact that theR&D intengty (per unit of valueadded) is aready very highin this
sector compared with others. Hence, mog potentially successful R& D oppotunitiesin this
highly innovdive sector has previoudy been exploited in which case increasing therate of R&D
activity will notbetha profitable. However, increasing the nurber of firms or increasing firmsO
sSize opensavenues for new produdive R&D activities.

Interestingly, we get thereverse result in the case of the MLTM. In this sector, the
oveall postive and significant effect of R& D spending (Table 5) is more than driven by the pure
size effect asthe partia effect of sectoral intengty is negative (Table 6). These results suggest
thd, in thislessinnovdive sector, some potentially produdive R& D activities are notfully
exploited. Increasing the size of the sector, leaving the R& D sectoral intengty condant, exerts a
negative impact on produdivity growth. By contrast, increasing R& D activity stimulates growth
onimpact and inareases the produdivity level in the longrun. Thedecompostion of thetotal

effect into asize and a sectoral intengty does not add more ingghtto the case of MHTM, asthe
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point estimates are not significant. This result conaurs with findingsfor theoverall effect of this
sector in the shorter sample.*®

Findly, for the services sector, both increase in R& D intengty and size lower |abor
produdivity growth. Theresulting negdive size effect might beinterpreted as evidence in favor
of aBaumol@ disease (William Baumol, 1967) However, note that in thelonge sample in Table
4, services sector@ R& D intendty with respect to overall GDP has no significant impact on labor
produdivity. The contradictory resultsin Table 6 with shorter sample, does not allow drawing

any condusonsregarding theimpact of R&D activitiesin the services sector.

V. Conclusion

Themain lesson from studies focusng on the determinant of growth in a broad set of countiesis
tha rich counties, unlike poor counties, have most of thefundamental determinantsright But
dispaitiesin growth performance amongrich counties are also observed. The obviousquestion
is: Wha can we learn from cross-county studies to hdp orient policy so rich counties, eager to
close theggp with theleaders, can do so? Our empirical investigaion is an attempt to answer this
important question. On theoretical grounds R& D is congdered a goodcandidate to accelerate
growth asit could bring technological progress and also increase the absorptive capecity of the
domestic econorny to capture spilloversfromforeign R&D.

Thecontribution of our pgper, which conforms with this view, is tha onempirical
grounds mogs R& D components, butnat al, are pogtively and significantly correlated to labor
produdivity growth. Thefirst point of interest arising from this study is tha the growth effect of
busness R&D, unlike public R&D, is postive and strongly significantin al specifications

Results indicate tha a county with abusness R& D intendty 10 percent highe than thetypical

18 See note to Table 5.



25

OECD county endsup on a steady-state growth path with alabor produdivity between 2.4 and
5 percent highe'. This estimated elasticity in therangeof 0.24 to 0.50is subgantially larger than
the 0.02 share of busness R& D in the GDP, an indcation of a strong spillover effect of busness
R&D. On theother hand, amongpublic R&D, only expenditure in highe education affects labor
produdivity postively and significantly; the effect of govanment R&D is at best nil.
Furthermore, highe education R&D is highly and postively correlated with busness R&D.

A. key point of interest in our study is that busness R&D in different sectors does not
enhance growth in the same way in every sector. We foundtha high- and medium-tech sectorsO
R& D are themain source of labor produdivity growth. However, in the medium-tech sector, it is
mainly the medium-low-tech arearather than the medium-high-tech tha generates the stronge
effect onlabor produdivity. Findly, in thelow-tech manufacturing and service sectors, R& D
activities are not significantly correlated with growth.

Thisindicates that thereturn on R&D activities might differ across sectors because the
direct return differs, the spillover effects differ, or both. It isentirely possible that theknowledge
geneated throughR& D activities is more nonriva (and beuseful for many other sectors of the
econony) in the high-tech sector than in the service sector and low-tech manufacturing.

It isalso possible tha thehigh- and medium-tech manufactures are dispropottionaely
used more as inputsinto other indugries than the low-tech manufacturers and services. If thisis
the case, R& D and the corresponding technological improvementsin the high- and medium-tech
sectorsreduce cods at afaster rate (thereby inaeasing produdivity) than those in low-tech and
services. Whatever thereasoning for the varied impact of R&D in the different sectors (some
sectors have negative effects on aggregate labor produdivity growth), this pagper is ableto

measure more precisely the postive impact of R& D by estimating R& D& impact by sector.
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Further decompostion of theeffects of R& D on size and intendty effects shows tha the
only sector tha contributes postively in labor produdtivity growth with inceaseinitssizeis
high-tech manufacturing (keeping R& D sectoral intengty condant). Increase in the sizes of other
sectors either hurts or does not affect labor produdivity growth. Thisresult suggests tha the
indugrial structure, particularly with respect with therelative size of the high tech sector, matters
for produdivity growth. Whereas theintengty effect is nottha robug in the high tech sector, a
rise in the R& D intengty in the medium-low-tech-manufacturer appears to stimulate produdivity
growth. Hence, OECD counties with relatively larger high-tech-manufacturer and relatively
R& D intengve medium-low-tech manufacturer will have better produdivity performance in the
longrun.

Findly, alongwith many earlier recent studies, openness to trade appears to be postively
and robugly correlated with growth. However, trade channds alonemay not beable to fully
capture foreign R& D spillover. Hence, to maximize the benefit of foreign R& D spillovers
(besides free tradein goodsand services), govanment might encourage other possible channds

of foreign R& D spillovers such as thefree flow of capital and skilled manpower.
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Table 1. Effects of total public R&D and business R&D on labor productivity growth
Dependent variable is changein loglabor produdivity
Number of obervations= 304 (sample peiod: 1981-2000)

FGLS SUR 2SLS 3SLS
Lagged labor productivity -0.099 -0.082 -0.080 -0.067
(-3.57)% (-9.98)% (-3.35)% (-7.24)%
Business cycle 0.262 0.113 0.269 0.118
(3.00)% (15.56)% (3.67)% (13.83)°
Investment intensity 0.061 0.047 0.055 0.038
(4.62)% (11.88)% (3.79)2 (7.71)2
Population growth -0.011 -0.009 -0.011 -0.010
(-1.89)° (-6.05)% (-1.97)° (-5.65)%
Openness 0.030 0.030 0.035 0.034
(2.42)° (6.17)% (3.10)2 (6.24)%
Germany dummy -0.040 -0.033 -0.035 -0.031
(-2.08)" (-9.59)% (-1.97)° (-8.27)%
Foreign BERD 0.018 0.026 0.019 0.026
(0.60) (2.99)% (0.76) (2.92)%
Domestic BERD 0.029 0.032 0.029 0.029
(4.00)% (15.63)% (4.43)% (13.25)%
Domestic PERD 0.012 -0.018 0.011 -0.016
(1.13) (-5.06)% (1.07) (-4.46)%
Long-term elasticities
Foreign BERD 0.182 0.317° 0.238 0.388°
Domestic BERD 0.292° 0.390° 0.363° 0.433°
Domestic PERD 0.121 -0.220° 0.138 -0.239°
; 2
Adjustedr 0.32 0.29
S.E. of regression 0.02 0.019

Note: All regressions were estimated in log forms and have country and time dummies included. All domestic and
foreign R&D variables were lagged and their first difference termswere also included in the estimation. We have
not reported the results for first difference terms in the table. T-ratios are in parentheses; t-statistics for FGLS
specification are computed from hetroscedasti city-consistent standard errors and covariance.

BERD is business expenditure in R& D. PERD is public (government plus higher education) expenditure in
R&D.

Long-term elasticities are estimated as follows: for variable X (X = foreign BERD, domestic BERD and domestic
PERD), divide the estimated coefficient for X by the opposite of estimated coefficient for lagged labor productivity
in the same regression. For example, in the first regression (column 1), the long-term elasticity for foreign BERD is
0.018/0.099 = 0.182.

# indicates significance at 1 percent level
Pindicates significance at 5 percent level
“indicates significance at 10 percent level
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Table 2. Effects of higher education R&D and business R&D on labor productivity growth
Dependent variable is changein loglabor produdivity
Number of obervations= 304 (sample peiod: 1981-2000)

FGLS SUR 2SLS 3SLS
Lagged labor productivity -0.083 -0.083 -0.070 -0.072
(-3.31)% (-11.00)% (-3.25)% (-9.08)%
Business cycle 0.303 0.138 0.313 0.138
(3.54)% (19.75)% (4.31)% (18.38)°
Investment intensity 0.064 0.050 0.058 0.045
(4.84)% (11.72)% (3.93)% (10.23)%
Population growth -0.011 -0.011 -0.012 -0.012
(-2.11)° (-8.75)° (-2.18)° (-9.60)
Openness 0.033 0.030 0.035 0.033
(2.59)% (6.46)% (3.07)% (6.35)%
Germany dummy -0.035 -0.038 -0.032 -0.036
(-1.78)° (-9.99)% (-1.72)° (-8.78)%
Foreign BERD 0.022 0.037 0.024 0.039
(0.75) (3.26)% (0.93) (3.19)%
Domestic BERD 0.036 0.027 0.035 0.026
(5.08)% (12.64) (5.57)% (11.67)
Domestic HERD 0.019 0.005 0.017 0.004
(2.02)° (2.13)° (2.04)° (1.84)°
Long-term elasticities
Foreign BERD 0.265 0.446% 0.343 0.5422
Domestic BERD 0.434° 0.325° 0.500° 0.361°
Domestic HERD 0.229" 0.060" 0.243" 0.056°
AdjustedR’ 0.38 0.27
S.E. of regression 0.020 0.019

Note: All regressions were estimated in log forms and have country and time dummies included. All domestic and
foreign R& D variables were lagged and their first difference termswere also included in the estimation. We have
not reported the results for first difference terms in the table. T-ratios are in parentheses; t-statistics for FGLS
specification are computed from hetroscedasti city-consistent standard errors and covariance.

BERD is business expenditure in R&D. HERD is higher education expenditurein R&D.

Long-term elasticities are estimated as follows: for variable X (X = foreign BERD, domestic BERD and domestic
HERD), divide the estimated coefficient for X by the opposite of estimated coefficient for lagged labor productivity
in the same regression. For example, in the first regression (column 1), the long-term elasticity for foreign BERD is
0.022/0.083 = 0.265.

& indicates significance at 1 percent level
®indicates significance at 5 percent level
¢ indicates significant at 10 percent level
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Table 3. Effects of government R&D and business R&D on labor productivity growth
Dependent variable is changein loglabor produdivity
Number of obervations= 304 (sample peiod: 1981-2000)

FGLS SUR 2SLS 3SLS
Lagged labor productivity -0.117 -0.107 -0.094 -0.094
(-3.89)% (-9.38)% (-3.65)% (-8.45)%
Business cycle 0.260 0.152 0.275 0.165
(2.95)% (10.68)% (3.69)% (11.51)°%
Investment intensity 0.063 0.044 0.055 0.034
(4.63)% (9.39)% (3.65)% (6.49)%
Population growth -0.009 -0.006 -0.010 -0.006
(-1.57) (-3.12)% (-1.64) (-2.66)%
Openness 0.028 0.019 0.033 0.019
(2.07)° (3.11)2 (2.68)% (2.90)%
Germany dummy -0.044 -0.037 -0.038 -0.034
(-2.30)" (-9.59)% (-2.14)° (-9.03)%
Foreign BERD 0.001 0.005 0.003 0.002
(0.03) (0.60) (0.13) (0.25)
Domestic BERD 0.028 0.032 0.028 0.031
(3.75)% (16.73)* (4.19)% (15.59)*
Domestic GOVERD 0.006 -0.022 0.004 -0.021
(0.78) (-7.16)% (0.57) (-6.65)%
Long-term elasticities
Foreign BERD 0.009 0.046 0.032 0.021
Domestic BERD 0.239° 0.299° 0.298° 0.330°
Domestic GERD 0.051 -0.206° 0.043 -0.223°
; 2
AdjustedR 0.30 0.27
S.E. of regression 0.020 0.019

Note: All regressions were estimated in log forms and have country and time dummies included. All domestic and
foreign R&D variables were lagged and their first difference termswere also included in the estimation. We have
not reported the results for first difference terms in the table. T-ratios are in parentheses; t-statistics for FGLS
specification are computed from hetroscedasti city-consistent standard errors and covariance.

BERD is business expenditure in R& D and GOV ERD is government expenditure in R&D.

Long-term elasticities are estimated as follows: for variable X (X = foreign BERD, domestic BERD and domestic
GOVERD), divide the estimated coefficient for X by the opposite of estimated coefficient for lagged labor
productivity in the same regression. For example, in the first regression (column 1), the long-term el asticity for
foreign BERD is0.001/0.117 = 0.009.

& indicates significance at 1 percent level
®indicates significance at 5 percent level
¢ indicates significant at 10 percent level
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Table 4. Effects of business R&D on labor productivity growth (with longer sample)
Dependent variable is changein loglabor produdivity
Number of obervations= 411 (sample peiod: 1973-2000)

FGLS SUR 2SLS 3SLS
Lagged labor productivity -0.065 -0.067 -0.045 -0.046
(-4.39)% (-6.18)% (-2.95)% (-4.45)%
Business cycle 0.480 0.439 0.521 0.506
(7.47)% (9.92)% (8.59)% (11.19)%
Investment intensity 0.044 0.039 0.020 0.002
(4.26)% (4.73)% (1.65)° (0.21)
Population growth -0.005 0.001 -0.003 0.004
(-1.00) (0.18) (-0.75) (1.33)
Openness 0.035 0.040 0.047 0.048
(3.61)% (6.85)% (5.04)% (7.67)%
Germany dummy -0.010 -0.016 -0.012 -0.018
(-1.22) (-3.10)% (-1.37) (-3.11)%
Foreign BERD 0.036 0.032 0.035 0.018
(1.81)° (3.01)% (L.74)° (1.53)
Domestic BERD 0.028 0.019 0.024 0.016
(5.11)% (6.65)% (4.55)% (4.90)%
Long-term elasticities
Foreign BERD 0.554° 0.478° 0.778° 0.391
Domestic BERD 0.431° 0.284° 0.533° 0.348°
; 2
AdjustedR 0.38 0.27
S.E. of regression 0.018 0.018

Note: All regressions were estimated in log forms and have country and time dummies included. All domestic and
foreign R&D variables were lagged and their first difference termswere also included in the estimation. We have
not reported theresults for first difference terms in the table. T-ratios are in parentheses; t-statistics for GLS
specification are computed from hetroscedasti city-consistent standard errors and covariance.

BERD is business expenditure in R&D.

Long-term elasticities are estimated as follows: for variable X (X = foreign BERD and domestic BERD), divide
the estimated coefficient for X by the opposite of estimated coefficient for lagged labor productivity in the same
regression. For example, in the first regression (column 1), the long-term elasticity for foreign BERD is 0.036/0.065
=0.554.

& indicates significance at 1 percent level
®indicates significance at 5 percent level
¢ indicates significance at 10 percent level
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Table S. Sectoral decomposition of business R&D effects on labor productivity growth
Dependent variable is changein loglabor produdivity
Number of obrvations= 402 (sample period: 1973-2000)

FGLS SUR 2SLS 3SLS

Lagged labor productivity -0.084 -0.082 -0.063 -0.064
(-4.71)% (-6.87)% (-3.84)% (-5.67)%

Business cycle 0.529 0.509 0.576 0.570
(8.36)% (11.96)% (9.65)% (12.93)%

Investment intensity 0.048 0.035 0.022 0.002
(4.48)% (4.25)% (1.80)° (0.19)

Population growth -0.005 0.003 -0.004 0.005
(-0.93) (1.08) (-0.95) (1.66)

Openness 0.041 0.042 0.050 0.050
(3.91)% (5.96)% (4.89)% (6.76)%

Germany dummy -0.013 -0.016 -0.013 -0.015
(-1.412) (-3.24)% (-1.44) (-2.76)%

Foreign BERD 0.057 0.039 0.051 0.025
(2.86)% (3.57)% (2.46)" (2.09)°

BERD inHTM 0.011 0.011 0.010 0.009
(3.09)% (4.61)% (2.75)% (3.42)2

BERD in MHTM 0.009 0.008 0.007 0.009
(1.80)° (2.29)° (1.58) (2.66)%

BERD in MLTM 0.012 0.008 0.012 0.007
(2.99)% (2.89)% (2.90)% (2.68)%

BERD inLTM -0.004 -0.006 -0.003 -0.006
(-1.35) (-2.70)% (-1.04) (-2.62)%

BERD in services -0.002 -0.001 -0.001 -0.001
(-1.44) (-1.24) (-0.86) (-1.35)

Note: All regressions were estimated in log forms and have country and time dummies included. All domestic and
foreign R&D variables were lagged and their first difference termswere also included in the estimation. We have
not reported theresults for first difference terms in the table. T-ratios are in parentheses; t-statistics for GLS
specification are computed from hetroscedasti city-consistent standard errors and covariance.

BERD is business expenditure in R&D; HMT is high-tech-manufacturers, MHTM is medium-high-tech
manufacturers, MLTM is medium-low-tech-manufacturers; LTM is low-tech manufacturers.
2 indicates significance at 1 percent level; ° indicates significance at 5 percent level; € indicates significance at 10
percent level.

When we restricted the sample from 1979 to 2000, there were no changes in the sign of the coefficients, but there
were changes in the level of significance. Specificaly, the positive point estimate of MHT turned insignificant and
the negative point estimate of services turned significant.
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Table 5 (contd.). Long Run Elasticities

FGLS SUR 2SLS 3SLS

Foreign BERD 0.679 0.4762 0.809° 0.391°
BERD in HTM 0.131° 0.134? 0.159° 0.141°
BERD in MHTM 0.107° 0.098° 0.111 0.141°
BERD in MLTM 0.143° 0.098° 0.190° 0.109
BERD in LTM -0.048 -0.073* -0.048 -0.094%
BERD in services -0.024 -0.012 -0.016 -0.016

Long-term elasticities are estimated as follows: for variable X (X = foreign BERD, BERD in HTM, BERD in
MHTM, BERD in MLTM, BERD in LTM and BERD in services), divide the estimated coefficient for X by the
opposite of estimated coefficient for lagged labor productivity in the same regression.

& indicates significance at 1 percent level

®indicates significance at 5 percent level

¢ indicates significance at 10 percent level

Table 6. Decomposition of long-term elasticities into sectoral R&D intensity and size
Dependent variable is changein log labor produdivity
Number of obervations= 323 (sample peiod: 1979-2000)

GLS SUR
Foreign BERD 0.328° 0.201°
Elasticities of R&D intensities
BERD in HTM 0.112° 0.007
BERD in MHTM -0.009 0.007
BERD in MLTM 0.086° 0.049°
BERD in services -0.034% -0.014°
Elasticities of value added share
BERD in HTM 0.345° 0.264°
BERD in MHTM -0.103 -0.021
BERD in MLTM -0.267° -0.368%
BERD in services -0.862° -1.076%

Note: The sample used for this regression was from 1979 to 2000. The elasticities are based on regression using
(R3) whereall variables enter in log forms and have country and time dummies included. All domestic and foreign
R& D variables were lagged in the estimation. Note that among the variables mentioned in ( R3), population growth
and German dummy were not used in estimation, as these variables were not significant. We have not also included
thevariablesin first difference as regressors. The statistical tests are based on the T-ratios of the variables. The t-
statistics for GL S specification are computed from hetroscedasticity-consistent standard errors and covariance.

BERD is business expenditure in R&D; HTM is high-tech-manufacturers, MHTM is medium-high-tech
manufacturers, MLTM is medium-low-tech-manufacturers; LTM is low-tech manufacturers.
& indicates significance at 1 percent level
®indicates significance at 5 percent level
¢ indicates significance at 10 percent level
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Appendix 1. Data

Labor productivity

For labor productivity data, we use the series @eal GDP chain per worker at 1996 pricesOfrom Penn World Table
(PWT). For Germany, these data are not available prior to 1991 in PWT. However, they are available from OECD&
Strucutral Analysis (STAN) database since 1980, which isindexed to 100 in 1995. We use both PWT and STAN to
compute the value of labor productivity for Germany from 1980 to 1990. For this purpose, we multiplied the ratio of
each year@ index from 1980 to 1990 to index in 1995 (using STAN database) by the labor productivity data (from
PWT) in 1995 and took that value as data on labor productivity for each year.

R&D data

All R&D dataareintramural R&D, that is, the R& D expenditure done within the reporting sector, including
expenses incurred by other sectors.

Even at the aggregate level, for some countries, data for some intervening years were not available. In that case, we
took the average of two years, one before and one after, and filled the gap. In a couple of instances, the data were not
available for two consecutive years; in this case, we took the average of two closest years.

For Belgium, the data on R& D for years 1981 and 1982 are not available. In this case, we computed the
growth rates in 1984 based on 1983. We discounted the value of R& D expenditure of 1983 by this growth rate and
assumed that to be the figure for 1982. Similarly, by discounting the value of 1982 by the same growth rate, we
estimated the R& D expenditure for year 1981.

For industry level R& D, we used datafrom 1973 to 2001 from the Analytical Business Enterprise R& D
(ANBERD) database of OECD. As the name suggests, this database covers only business R& D (hot government
and higher education R& D), and the data are available only at current price in PPPs. Since there are no separate
deflators for R& D, we used GDP deflators using current and constant-price GDP of sample countries from OECD
database to convert them into constant dollars. Furthermore, for Belgium, we have BERD data by industry only for
the period of 1987 to 2000. For Denmark, the data for 2000 were missing, in which case we used the average of four
years (1998, 1999, 2001 and 2002).

Datafor Norway for 1994 were not available according to ISIC Rev 3. We used dataon I1SIC Rev. 2 with
appropriate concordance. Similarly, the datafor Germany by industry at ISIC Rev. 3 starts only from 1995. Hence,
from 1991 to 1995, we used data from 1SIC Rev. 2 with concordance; prior to 1991, we used data for West Germany
a 1SIC Rev. 2. Finally, thedataon ISIC Rev. 3 for Italy were available only from 1991. Prior to that, we used data
on ISIC Rev. 2.

Foreign R&D

In computing the foreign R& D expenditure variable, we more or less follow Coe and Helpman (1995). More

specifically, foreign R& D expenditure for country i for year t is calculated as a weighted sum of sample countries®

domestic R& D expenditure such that

. 5 1

it = I —
L0 Y

where M is country i® share of imports from country j relative to its total imports from 15 sample foreign

r m;r, i=1E,16 andj=1,E, 16.

countries, ri: is the amount of foreign R&D expenditure in country i; I, is the amount of business R&D

expenditure in country j; and y, is country j@ GDP (both measured in constant-price PPP). Real GDP is obtained
by using two PWT series, the constant-price GDP per capita in PPP multiplied by population.



Appendix 2. Classification of manufacturing industries based on technology

ISIC Rev.3 |Descripti0ns Technology type
15...37 Total Manufacturing
15+16 Food products, beverages and tobacco LTM
17..19 Textiles, textile products, leather and footwear LTM
20..22 \Wood, paper, printing, publishing LTM
23 Coke, refined petroleum products and nuclear fuel MLTM
24-2423 Chemicals excluding pharmaceutical s MLTM
2423 Pharmaceuticals HTM
25 Rubber and plastics products MLTM
26 Other nonmetallic mineral products MLTM
27 Basic metals MLTM
28 Fabricated metal prod. (exc. mach. and equip.) MLTM
29 [Machinery and equipment nec MHTM
30 Office, accounting and computing machinery HTM
31 Electrical machinery and apparatus nec MHTM
32 Radio, TV and communication equipment HTM
33 Instruments, watches and clocks HTM
34 [Motor vehicles MHTM
351 Building and repairing of ships and boats MLTM
353 Aircraft and spacecraft HTM
352+359 Railroad and other transport equipment nec MHTM
36+37 Furniture, manufacturing nec and recycling LTM
40+41 Electricity, gas and water
45 |Construction
50...99 Total services SERVICES
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Note: HTM stands for high-tech manufacturers, MHTM stands for medium-high-tech manufacturers; MLTM stands
for medium-low-tech manufacturers; TM stands for low-tech manufacturers; and S stands for services.

The short form (hecOmeans Ohot else classifiedO



