View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Papers in Economics

CPB Document

No 170
September, 2008

Cross your border and look around

Henry van der Wiel, Harold Creusen, George van Leeuwen
(CBS), Eugene van der Pijll (CBS)


https://core.ac.uk/display/6670889?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

CPB Netherlands Bureau for Economic Policy Analysis
Van Stolkweg 14

P.O. Box 80510

2508 GM The Hague, the Netherlands

Telephone +31 70 338 33 80
Telefax +31 70 338 3350
Internet www.cpb.nl

ISBN 978-90-5833-376-6



Abstract in English

This document focuses on innovation, human capéaehnology transfers and competition as
potential sources of productivity growth for firmsintegrates the views of existing literature
such as the two faces of R&D, the convergence debal the existence of firm-level
heterogeneity in productivity. Using firm-level daof 127 industries in the Netherlands, the
document analyses which determinants are mostaetdar a catch up to the global frontier
and in that respect are important for the proditgtiperformance of firms. Moreover, the
document takes into account the potential impodaifa national frontier. The frontier is
defined as the highest productivity level at théamal or global level respectively. The
document provides econometric evidence that tecigyaransfers matter, predominantly from
the national frontier. Particularly, R&D encouraggewth through technology transfers from
the national frontier. This suggests that firmsmhaconduct R&D in order to adopt existing
technologies from other (domestic) firms. Competiton Dutch markets plays a role in
productivity growth as well. Finally, human capitdso seems to affect productivity growth.

Key words: Competition, human capital, technological frontier, R&D, productivity

JEL code: D40, L10, O31

Abstract in Dutch

De studie kijkt naar innovatie, menselijk kapitaathnologietransfers en concurrentie als
belangrijke bronnen van productiviteitsgroei bigbgzen. Ze integreert de bestaande
theoretische noties als twee gezichten van R&Dyeayentiediscussie en heterogeniteit van
bedrijven. Gebruikmakend van Nederlandse bedrifesdd 127 bedrijfstakken kijkt de studie
welke determinanten het belangrijkst zijn bij rexen van andere bedrijven en daarmee voor de
productiviteitsprestaties van bedrijven. Hierbijrdibonderscheid gemaakt tussen leren van de
nationale productiviteitsgrens en de internatioqateductiviteitsgrens. Deze grenzen zijn
gebaseerd op het hoogste productiviteitsniveaistidie verschaft econometrisch
bewijsmateriaal dat technologietransfers van vodeahationale productiviteitsgrens van
belang zijn. R&D bevordert de inhaalslag van beérijnaar de hoogste productiviteitsniveaus
binnen Nederland. Daarnaast geeft meer concurreakeeen hogere productiviteit. Ten slotte
lijkt de inzet van menselijk kapitaal belangrijkzgn voor productiviteit.

Seekwoorden: Concurrentie, menselijk kapitaal, technologische grens, R&D, productiviteit
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Preface

CPB has investigated the productivity gap and cayerce to the frontier in two related
research projects: macro and micro project. Theraapmject has analysed the position of
industries in the international productivity levatider, and has investigated the determinants of
convergence of industries to the global frontiez.(highest productivity level in the world). The
current document documents the results of the npeogect. Using firm-level data, it analyses
the convergence of firms located in the Netherlgodse frontier. Two issues are particularly
addressed in this second research project. Ridistinguishes convergence to the national
frontier from convergence to the global frontieecnd, it also explicitly investigates the

impact of competition on productivity growth.

This study was conducted by a project team congigif Harold Creusen, George van Leeuwen
(Statistics Netherlands), Eugene van der Pijllt{Sias Netherlands) and Henry van der Wiel
(project leader). We express our thanks to Georglau@f, Free Huizinga, Debby Lanser, Bert
Balk (Statistics Netherlands), Michael Polder (iStats Netherlands) and other colleagues for
their comments on earlier versions of this documre also thank participants of the
EUKLEMS final conference (Groningen, 19-20 June&0€the conference on ‘Knowledge for
Growth’ (Toulouse, 7-9 July 2008) and a soundingridaneeting at the CPB.

Finally, part of the data analysis reported in tii€¢ument was carried out at the Centre for
Policy Related Statistics of Statistics Netherlar@BB is responsible for the analysis of the
data reported in this study.

Coen Teulings
Director CPB






Summary

Research question

This document focuses on innovation, human capéaehnology transfers and competition as
potential sources of productivity growth for firmsintegrates the views of existing literature
such as the two faces of R&D, the importance of Réillovers, the convergence debate and
the existence of firm-level heterogeneity in pratity. It adds two related but important

issues to the literature. First, it explicitly digguishes convergence to the national frontier from
convergence to the global frontier. The frontiedéined as the highest Total Factor
Productivity (TFP) level at the national or glolb&tel respectively. Second, it also investigates
the impact of competition on productivity growtth@ main research questions in this study

are:

Which determinants are relevant for catch up, eitbéhe global frontier or to the national
frontier?

Does competition stimulate convergence to the feos®

Main conclusions

The document provides econometric evidence than@ogy transfers matter. We find that the
national frontier exercises a stronger pull on dstieefirms than the global frontier.
Apparently, firms benefit more from national spiléys rather than from international
spillovers. R&D encourages growth through techngltsgnsfers from the national frontier.
This suggests that firms mainly conduct investméntsvn R&D in order to adopt existing
technologies from other (domestic) firms. We hairfithg evidence that R&D contributes to
productivity via innovation if controlled for othe@xplanatory variables. Competition on
(Dutch) markets seems to affect productivity growmtiseveral ways. Competition enhances
TFP-growth directly, as it drives firms to operaféciently and reduce X-inefficiencies. More
competition also stimulates firms to imitate anttbaup to the national frontier. Finally, we
find preliminary evidence for human capital stintirlg productivity.

Model and data

There exists a vast literature on explaining praéiditg levels and convergence between
countries emphasising the role of knowledge spdtsvand imitation. For example, several
studies at the industry level have analysed pakenteéans that may help lagging countries to
catch up to the global frontier. In this respeatffith et al. (2004) also point to the ‘second

face’ of R&D: countries may also use investmertwn R&D to absorb knowledge and adopt
technologies from leading firms. Bartelsman e(2006) stress the importance of heterogeneity
across firms within each country. They suggest ldgging firms likely focus on the
convergence to the national frontier rather thathéoglobal frontier. The relevance of a



national frontier finds its arguments, amongst cthi social, geographical and institutional
barriers. Finally, theoretical and empirical resdanf Aghion et al. (2004, 2006) emphasises
the effect of competition on productivity growtls @eompetition may affect firm's incentives to

innovate or imitate in diverging directions.

In our econometric framework, we combine all theevs including the distinction between
two types of convergence, i.e. to the nationaltienversus to the global frontier. Using firm-
level data of 127 manufacturing, services and caosbn industries in the Netherlands, we
analyse which determinants are most relevant fmhcap and in that respect are important for
the productivity performance of firms.

Robustness checks

We have examined the robustness of our main firsdasga number of econometric concerns
can be put forward. All in all, the results of thesbustness tests do not radically change the
overall conclusions. More precisely, we review anmns related to measurement errors in TFP
and the sensitivity to the definition of the fratincluding the available data. Another concern
is the endogeneity of R&D. Finally, we have checltegirobustness of the estimates with
respect to human capital. At the firm level we aatmmeasure human skills directly, because no
specific data of the (average) education levelexpmkrience of the employees within each firm
are available. We approximate human capital byatlerage wage level per firm.

Concluding remarks

This document underlines the importance of R&D, petition and to some extent human
capital for productivity. The importance of thosetefminants hardly differs at the industry
level or between firms. For both manufacturing aadvices, the convergence to the national
frontier is more relevant than to the global frentiAdditionally, a distinction between
advanced and lagging firms does not alter the tesither. This is particularly relevant for the
impact of competition as theory argues that fiem®npetition may stimulate productivity of
leading firms, while it may induce lagging firmsabstain from improvements of productivity.

The implications of our findings for additional mew policy measures are not clear-cut. The
importance of knowledge (spillovers) via technolagnsfers, innovation and sufficient
competition are already embedded in existing poNgg did not investigate whether market
failures are at stake and could legitimize govemtigtervention. Instead, we address options
for future work in terms of policy implications, dmmprovements in model and data.
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Figure 1.1
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Introduction

Background

Over the last decades the labour productivity lefatthe Dutch economy seems to have easy
come and easy gone. After World War 11, the Netlredls caught up with the US, and took over
the lead in the early 1970s (see figure 1.1). Thismarkable, as the US is mostly considered
as the country with the most advanced technologytl@ highest productivity level. Since the
second half of the 1990s, however, the lead obiteeh economy as a whole on the US has
diminished. Similarly, the Dutch favourable pogitito the average of the old EU-15 countries

as a whole has deteriorated to some extent as well.

Labour productivity level total economy of the Netherlands and EU compared to the US, 1907-
2007

100 __________7,-'_________-_____________-______-_._____-_________:::-_-_-.;';-_-

1970

1975 1980 1985 1990 1995 2000

—EU-15 ---US ----- Netherlands

Source: The Conference Board and Groningen Growth and Development Centre, Total Economy Database,
January 2008 with GDP converted to US$ at 2007 EKS PPPs (updated from 2005 benchmark)

Comparisons at the industry level put the Dutclotasble macro position in another light.
Being the best at the aggregated level does notraiically imply being the best at lower
levels of aggregation all across the board. In, fédet leading position of the Dutch market
sector as a whole can only be traced back to arféustries. Data from the EUKLEMS-
database reveal, for instance, that the Dutch p@méndustry is one of the world leaders in
productivity levels: In contrast, many other Dutch industries, sucthagelecom industry,
feature productivity levels that are far below greductivity level of the global frontier: the

* See www.euklems.net.
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highest attainable productivity level given thestixig technologie$ So in these industries

opportunities exist to catch up to the global frent

Analysing the distance to the global frontier (bogly the productivity gap) is relevant as it
may signal potentials for productivity growth. Ratstudies of Griffith et al. (2004) and
Conway et al. (2006) emphasize the importancedbftelogy transfers and the effect of
product market regulations on the internationaiudibn of productivity shocks. Griffith et al.
(2004) show that R&D is important for the catchprpcess as well as for stimulating
innovation. A lagging industry may learn from tleading industry elsewhere in the world,
particularly by knowledge spillovers and imitatiohexisting technologies. Then, this industry
can realize a productivity growth that is higheairitthe productivity growth of the leading
(foreign) industry, and thus can reduce its proditgtgap with the frontier. Conway et al.
(2006) find that restrictive product market regidat slow the process of adjustment through
which best practice production techniques diffus®ss borders and new technologies are

incorporated into the production process.

Most of these ‘convergence’ studies use industtg daross countries. However, these studies
include two shortcomings as they do not explidilige into account the heterogeneity across
firms in one particular industry.

First, industry-level studies implicitly assume tthil firms have the same productivity level,
or at least they assume that the distribution adpctivity levels across firms remain constant
over time. Mostly those kinds of studies use induaterages of productivity levels and
compare these averages across countries. Studied ba firm-level data, however, point to a
large, non-constant, dispersion of productivitydisvacross firms in different countries.
Bartelsman et al. (2006) point out that the avegageuctivity level might provide a “poor
proxy” of the global frontier. In some countrieglimidual firms may have higher TFP-levels
than the global frontier based on industry averaged thus will less likely learn from the
technology of the global frontier. Hence, the pagtars of the explanatory variables might be
biased in industry-level studies.

Second, these types of studies do not investihatednvergence within countries to some
kind of national frontier: the firm representingethighest productivity level of an industry at
the national level. Bartelsman et al. (2006) sugties it is likely that within a country lagging
firms converge to the leading firm of that countmile the latter may converge to the global
frontier. A number of arguments support the idea aftional frontier. Indeed, some firms may
not catch up directly with the global frontier &8y have insufficient R&D and human skills,
have little international trade or internationahtact with firms at the global frontier, or

2 Note that this document focuses on total factor productivity (TFP-) levels and growth as measures of productivity
performance. The frontier is defined for each industry as the country with the highest level of TFP. TFP-growth reflects the
growth in gross value added that cannot be attributed to the growth in inputs.
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institutional restrictions hinder them too much.o¥b arguments bring forth the introduction of
the national frontier.

Note that in services industries compared to marufang industries, convergence to the
national frontier might be more relevant than cageace to the global frontier. The reason is
that firms in services industries more likely ogeran national or even regional markets, and
cope with specific preferences of (Dutch) custonagrd/or institutional settings. A priori, firms
in manufacturing industries, however, operate noften on international markets, and may
thus focus on convergence to the global frontier.

Aim of document

CPB investigates the productivity gap and convetgdn the frontier in two related research
projects: macro and micro project. The macro-priogealyses the position of the Dutch
industries on the international productivity leledider, and investigates the determinants of
convergence of industries to the global fronti€ollowing current studies on the convergence
to the frontier, it also considers the industryrages of productivity levels of several countries.

The current document documents the results of tlkeomproject. Using firm-level data, this
document analyses the convergence of firms lodatdte Netherlands to the frontier. It adds
two related issues to the existing literature. titdistinguishes convergence to the national
frontier from convergence to the global frontieec8nd, it also investigates the impact of
competition on productivity growth.

The main research questions in this document are:

Which determinants are relevant for catch up, eitb¢he global frontier or to the national
frontier?

Does competition stimulate convergence to the feos?

The structure of the document is as follows. Chaptdiscusses the main theoretical
determinants of productivity growth to the techrgdé@l frontier. Chapter 3 presents our basic
model and elaborates on the econometric specificali also highlights issues that may bias
the results. In Chapter 4 we introduce the avadlaaita and show some stylized facts. Chapter
5 presents the results of our basic model and sisgsuthe contribution of the determinants to
productivity growth. Chapter 6 examines the robesof the results along a number of
channels. Finally, Chapter 7 sums up the main esiwhs and sketches some implications for
policy makers.

% Batrakova et al., 2008.
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Theoretical framework

Introduction

This chapter provides a brief theoretical overvigithe main determinants and their impact on
productivity growth and convergence to the techgidlal frontier. More precisely, we will

focus on the total factor productivity (TFP) grovathfirms, and the distance in TFP level to the
national or global frontier.

For a better understanding this chapter clasdifiesleterminants of productivity into three
groups. The first group contains timeans to attain productivity growth, particularly R&D dn
human skills. Conducting R&D or using relative mareman skills may (initially) require some
costs, but eventually result in additional bendfibsn higher productivity levels. The second
group of determinants represents the determinaatsaffect thencentives for productivity
growth, particularly competition. The intensity @dmpetition including (the threat of) entry
emerge from the market structure together withitumsdnal settings on product markets, and
are mostly beyond the reach of individual firmseThird group of determinants facilitates
codified or embodied knowledge transfers that enbamoductivity growth. These
determinants mainly concern the level of internaaicrade with the frontier country, and the
cultural and physical proximity of the frontier attry.

The theoretical discussion ends with a brief viewtte theory of convergence clubs. This
theory provides a helpful starting tool to introdwend to analyse the convergence of firms to
the national or global frontier, as it combinesesal determinants into one framework.

Determinants of productivity growth

Group 1: R&D and human capital as means to attain productivity growth

Many studies have investigated the impact of R&Dpmductivity growth (see e.g. Cameron,
1998, for an overview). Griffith et al. (2004) pide some empirical evidence that R&D may
have “two faces”. First, firms conduct R&D in ordergenerate own innovations for their
products or production process, and thus createteelinologies. This face, the innovation
part, reflects the direct effect of R&D on prodwdty growth of firms. Second, firms may use
their own R&D in order to absorb knowledge and adopovations from either domestic or
foreign firms. To some extent, followers may regméfits from cheap or costless imitation,
e.g. by adopting codified knowledge of frontienis that is free available (no licences) and that
can be applied without any adjustments. But in otdeeapall benefits from imitation they
may also apply some own R&D to enhance their altiis@erpapacity, particularly to regenerate
and/or adapt tacit knowledge in order to implemenbvations in firm’s own products and
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process. So the second face of R&D, the imitatitecg refers to the benefits of knowledge
spillovers. Hereafter, we will call this effect thirect effect of R&D on productivity growth.
Note that with the potential for imitation, the sgate of return omnnovative R&D is
larger than the private rate of return. More prelgisan innovating firm cannot appropriate all
the benefits of other imitating firms that may aeefrom its innovatiod.Firms may even
abstain from innovation if their costs of innovatiexceed their private (expected) benefits,
notwithstanding the possibility that the social &&s may be higher than the costs of

innovation.

Similarly as with R&D, human capital may have eedireffect and an indirect effect on
productivity growth. Both effects are more or leskated to heterogeneity in skills among
employees, as high skilled employees have had edireation or have more experience than
low skilled employees have.

The direct effect of human capital is quite strafigiward and refers to the skills and ability
of employees. In fact, it is likely that high skitl employees are more productive than low
skilled employees are. Then employing relativelyrenoigh skilled people will result in a
higher (average) productivity (growth) as thosegpe@an come up more easily with new ideas
increasing the rate of innovation.

Human capital may also affect the absorption capatiknowledge and imitation, thus
resulting in an indirect effect. Traditionally,i¢t argued that higher human skills facilitate the
imitation of frontier technology, as high skillechployees are more able to absorb external
knowledge than low skilled employees (see e.g.etsd Phelps, 1966). As a result,
countries with higher skill levels more rapidly seothe gap and catch up with the frontier than

countries with lower skills.

In contrast, Vandenbussche et al. (2006) arguehigaer skilled employees are more important
for countries or firms close to the frontier, bes$ for countries that are more distant from the
frontier and (more likely) should rely on imitati3iThe basic assumption is that innovation is
relatively more skilled-intensive than imitationhdn given the total size of the workforce,
usingrelatively more high skilled labour has a growth-enhancirigatfthat goes through
innovations. In this theoretical framework, thedeaf human skills is less important for
countries (or firms) that are further behind thentier, because those countries (or firms) can
imitate either with high skilled or with low-skikeemployees.

Group 2: Impact competition and entry on productivity growth
Recent papers have studied the impact of competivinnovation, imitation and productivity
growth in different settings (see e.g. Aghion ef{2002), Aghion et al. (2006)). They conclude

“|.e. if imitation of existing technologies are less expensive than reinventing similar technologies by innovations.
5 See also Acemoglu et al., 2006.

16



that competition (including entry) may affect firhiscentives to innovate and/or imitate.
However, the direction of these effects dependfrors’ advantage vis-a-vis their competitors,
or technically speaking on the relative producyivévels of the firms.

Aghion et al. (2002) investigated the impact of pefition on innovation by analysing the
different strategies of leaders and laggards oovation or imitation. Their theory comes up
with two basic effects that are useful for our egsf. On the one hand, more competition
serves as a driving force for leading firms to imaie. In fact, the threat of (tougher)
competition induces leading firms to enhance thesductivity level and thus their competitive
advantage vis-a-vis all other leading and laggimgd. This effect is also known as the escape
competition effect. On the other hand, more contipetimay be detrimental for lagging firms
to imitate the technology at the frontier. The mrais that fierce competition prevents lagging
firms to recover all the costs of imitation, evéthieywould catch up with the leader. This
effect is known as the Schumpeter effect.

A priori, it is ambiguous whether the escape coiitipator the Schumpeter effect
dominates in an industry. In fact, Aghion et aD@2) suggest that combining these two effects
in a dynamic model results in an inverted U-relasitip between competition and innovatfon.

If there exist considerable productivity differendeetween firms within an industry, one could
conclude that more competition eventually raisesdistance between leading and lagging
firms. In fact, if competition increases leadingrfs jump ahead (i.e. escape competition effect),
while lagging firms stay behind. The increase stalice emerges on#jter innovations and
TFP-growth (of leading firms) are realised, bukinoves further (future) incentives of lagging
firms to innovate or catch up.

Aghion et al. (2006) investigated the impact of'giein incumbents’ strategy to innovate. This
model also makes a distinction between leadinglagging firms. The main conclusion is that
... “Increasing the threat of entry has a positive effect on incumbent innovation in sectors that

are close to the [global] technological frontier, and a possibly negative effect on innovation in
sectors that are further behind the [global] frontier...” (see Aghion et al. (2006)). The effect of
entry on the industry or sector productivity ishioth cases positive.

Note that entry may be related to the intensitgarhpetition between incumbents. If
competition is low, then new firms may enter the'keaif they can easily recover their (sunk)
cost of entry. However, if competition is high, theew firms cannot recover those costs and
will not enter the market as long as they are gaingell the same product as incumbents do.

® More precisely, as competition intensifies the aggregate industry innovation expenditures will first increase as the escape
competition effects dominates, but in case of a further increase of competition beyond some level the total innovation
expenditures will decline as the Schumpeter effect dominates.

” Eventually, this effect is one of the crucial elements of the convergence trap of lagging firms, which will be discussed in
section 2.2.
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2.3

Group 3: International trade and physical proximity facilitating knowledge transfers

Finally, international trade of goods may contribtd productivity growth for three reasons.
First, the discipline of (international) competitimay induce firms to innovate and apply the
most advanced technologies. For example, fierag mdmpetition forces firms to produce in
the most efficient way, and thus to adopt the refftient production technology. Similarly, if
foreign buyers prefer high quality standards thesyraerve as a driving force to improve the
quality of products. Second, imports of high tecbducts, particularly from frontier countries,
may entail embodied knowledge transfers. Thircerimational trade may also facilitate contact
with foreign professionals, and thus enhance tlob@xge of (disembodied or tacit) knowledge.

Finally, larger physical distances with the froneuntry may reduce the potential of imitation,
because knowledge spillovers from the global femiecome more difficult due to increasing
travelling costs and cultural differences. Empiriesearch by Kneller (2005), however, points
to a limited effect of physical distance, particlyavhen compared to absorptive capacity
measured by R&D or human capital, or to the eftééhternational trade. In this document we
therefore ignore the physical distance as detemmiimathe empirical part.

Convergence to frontier

Various studies have pointed to the emergencemfargence clubs, i.e. groups of firms or
countries with persistent differences in produtyivével and development (see e.g. Howitt and
Mayer-Foulkes (2005) and Acemoglu et al. (2006hege clubs emerge from the differences in
firms (initial) productivity levels and their steggies to innovate or imitate.

Howitt and Mayer-Foulkes (2005) investigated thevargence clubs that emerge from the
introduction of scientific R&D as a source of teotogy chang&and from imitation and
technology transfers that become more costly astdes/firms get further behind the
technology frontier. The model of Howitt and Mayegsulkes then arrive at three convergence
clubs.

The first club concerns the group of leaders, amties or firms near the global frontier. In
the model of Howitt and Mayer-Foulkes they takeittigative to conduct R&D. Then
particularly in the initial phase when other firtmave not (yet) responded to the increase in
R&D, the leading firms can extend the productigp with other firms.

The second convergence club contains the groupllofsfing countries or firms. Note that
the initial productivity gap reduces the absorptiepacity of all countries behind the frontier
by the increasing cost of imitation. However, laggfirms with an initial productivity level

8 Howitt and Mayer-Foulkes point out that technology progress culminated in the late 19th century by the introduction of the
R&D lab which “... exploited the growing interconnections between science and technology, and the rise of various
institutions such as government research labs and [...] universities with close ties to industry and commerce ...”
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slightly below the frontier still have sufficienbsorptive capacity to attainsamilar
productivity growth as the leaders. Their productivity gap in termeweéls then remains
constant at the long term.

Finally, the third club contains the group of naais laggards, i.e. countries or firms that
face an increasing productivity gap with the lead@&iheir initial gap with the frontier is too
large to overcome the initial erosion of absorptiapacity, and thus they cannot attain a similar
productivity growth as the leading firms. Then las gap widens over time, their absorptive
capacity erodes further which makes it even mdifecdit to imitate, etc.

The framework of Howitt and Mayer-Foulkes, howevsrisomewhat ambiguous in the sense
that no follower can catch up or even leapfrogtéwnology frontief. In that sense, this
framework is to some extent at odds with empirksemoglu et al. (2006), however, do allow
convergence to the frontier. They show that coaatrhay catch up with the technology
frontier, but can only maintain productivity growaffter changes in institutional settings. Firms
in countries behind the frontier will imitate frotie frontier only if competition between firms
is restricted, because only then the cost of imitatan be recovered. But within some distance
to the frontier countries/firms have to switch thatrategy from imitation to innovation
triggered by fierce competition. Followers may endin a convergence trap if maintained
restrictions on competition hinder that switchte tight time, particularly as the productivity
gap increases by leaders’ continuing productivitysgh and catching up becomes more and
more unprofitable?

The models of Acemoglu et al. (2006) are to sontergxn line with earlier findings of
Aghion et al. (2002) and Aghion et al. (2005) refijag the impact of competition on the
incentives of innovation and imitation (see alsctis 2.2). They all argue that leading firms at
the frontier perceive competition and selectiom asiving force to conduct R&D for creating
innovations. In contrast, for followers and laggfirgns, the relationship between imitation
expenditures and competition is monotonically dasirg. Hence, those types of firms are
likely to spend additional costs for imitation (B&D or human skills) if competition is low.

Importance of a national frontier

Related to the distinction of convergence clulibésrelevance of some kind of national
frontier. As far as we know, Bartelsman et al. @08ddressed this issue in an empirical
evidence based study for the first time. They ptd & test and find significant evidence that
within a country lagging firms more likely convergethe leading firm of that country rather
than to the global frontier. This leading firm repents the national frontier, i.e. the firm with

° Note that followers can only leapfrog the leaders by creating innovations, as the knowledge or technology resulting in a
productivity level above the level of the leader is currently lacking.

% This argument is to some extent similar to the underlying intuition of the third convergence club of notorious laggards of
Howitt and Mayer-Foulkes, and is in line with the theory of Aghion et al. (2002).
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the highest productivity level of an industry a¢ thational level. The empirical results for the
UK confirm that “...the national frontier exerts aatger pull on domestic firms than does the
global frontier. However, the pull from the gloedntier falls with technological distance,

while the pull from the national frontier does not.(see Bartelsman et al., 2006). Moreover,
the authors argue that imitation and learning bydiat the national frontier may become more
difficult and declines if the gap between the nagicand the global frontier increases. The latter

argument also points to the emergence of conveegelnbs across countries.

Why should a national frontier be plausible? Weaktthe following arguments support the
relevance of a national frontier. The first argutnisrrelated to social-geographical issues,
which includes barriers like language and cultimstitutional barriers like nation-specific
business licensing conditions are a second argunibese barriers are linked to policy. The
third argument for having a national frontier isasiated with a lack of absorptive capacity.
Domestic firms may not catch up directly with tHelmal frontier as they have insufficient R&D
and human skills. The fourth and fifth argumenteam the lack of (tacit) knowledge spillovers
and lack of information respectively due to littleno international trade or absence of
international contacts with firms at the globalrftier. Both arguments are also connected to
physical distance.

To some extent, these arguments are also relawdifféoences in scope of the relevant market.
Some industries are mainly oriented to the natiomalket and lagging firms in those industries
may only catch up with the national frontier, whites relevant market for other industries is
more global, and hence the global frontier becomere relevant. Broadly spoken, this
difference in relevant market is also the casednraparison of manufacturing industries versus
services industries. The former are more likeljolous on international markets, whereas many
services industries regard the national or eveionedy market as their relevant market.
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3.1

Model and econometric issues

Section 3.1 introduces the formal model to expl#f-growth by several determinants,
including catch up effects to either the globather national frontier. In section 3.2 we discuss
several technical and/or econometric issues. Wesinyate those issues in quantitative sense in

more detail in Chapter 6.

Framework to explain TFP-growth

Econometric model
This section introduces the basic model that islaimto the main model of Griffith et al.
(2004). In fact, we assume that the TFP-growthafirm level is a function of a number of

determinants. The (basic) econometric specificatéaus as

G N
AC_ AN
AInAijt:a'+,BInLl +yin 1
jt-1 jt-1
Aﬁ‘_l Aj“t‘_1
+XKijjrq +AIn * Xijt-1 +@In * Xijt-1 3.1)
Ajjt—1 Ajjt-1

+T + & €

with for firm i in industryj in periodt*":

Aln Ay TFP-growth

In(Aﬁ_l/Ajt_l) Lagged distance to the global frontier, i.e. distance bettteelagged
average TFP-level of the global frontier for indugt(yn Aﬁ_l) and the
lagged TFP-level of firmin industryj (In Aj;_;)

In(AJ-’\t'_1 / A,jt_l) Lagged distance to national frontier, i.e. distance betwedndbed TFP-
level of the Dutch national frontier for indusﬂrYInAj’}'_l) and the lagged

TFP-level of firmi in industryj (In Aj_;)

Xijt Vector of explanatory variables
o Time dummy for each year t
& Industry dummy for each industry j

The variables on the right-hand side of the equation reflealeéterminants of the firms’ TFP-
growth put forward in Chapter 2. Table 3.1 provides anweerof the expected results that
emerge from the theoretical notions. Below we will discussettplanatory variables in more

detail.

* The subscript country/Netherlands (k) is skipped here, but will be used in the appendix A.
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Table 3.1

Determinant

Expected effects of determinants on productivity growth

Expected effect Explanation

In AG/A direct effect of catch up to global frontier
In{AN /A + direct effect of catch up to national frontier
R&D + productivity growth by R&D

R&D x In|A®/A R&D to adopt foreign innovations

R&D x In|AN/A + R&D to adopt domestic innovations
Human capital + productivity growth due to human capital

Human capital x In
Human capital x In{AN/A

Competition
Competition

Competition

+

A° /A ability/skills to absorb foreign innovations

+

ability/skills to absorb domestic innovations

+ stimulant to reduce X-inefficiencies, innovation of firms
X In(AG/A) - or+ prevalence/predominance of
(+) enhanced imitation of leading firms of global frontier
(=) diminished imitation of lagging firms of global frontier
X In(AN/A) - or+ prevalence/predominance of

(+) enhanced innovation of leading firms
(- ) diminished imitation of lagging firms of national frontier

The first group of explanatory variables (i.e. the finselof the right-hand side of equation 3.1)
refer to costless imitation. In fact, a positive coefficienthef distance to the global frontigs )
reflects the catch up of any firm (in the Netherlands) to thbajlfrontier. The positive
coefficient of the distance to the national frontigr) (captures the (costless) catch up of lagging
firms to the national frontier.

The second group of explanatory variables (the second line oftit-hand side of equation
3.1) refer to the direct and indirect impact of R&D, humariteapnd competition on the firm'’s
TFP-growth.

The R&D-intensity, for instance, captures the firm’s effortreate own innovations, and
thus should have a (positive) direct effect on productiibwth. The R&D intensity may also
reflect firm’s additional effort to imitate the technologytla¢ national or global frontier, and
thus to reduce the distance to both frontiers. The interattioms with the distance to both
frontiers reflect these imitation effects.

Human capital may also have a twofold impact on TFP-graivthay have a direct and
positive impact on productivity growth, as well trained axgerienced employees likely
produce more (innovative) output than less skilled empkgee More human capital may also
improve firm’s ability to absorb knowledge and better atdtfrom the national frontier or the
global frontier. The interaction between human capital andigiance to the frontiers captures
the additional imitation owing to the absorptive capacity.

The direct and indirect effects of competition comprise all efietéged to firms’
incentives to reduce inefficiencies, to innovate or to imit&tpositive direct impact of
competition on firm’s TFP-growth may reflect his incens to reduce X-inefficiencies. It may
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3.2

also indicate to what extent competition encourages firrtieeatational frontier to innovate, or
to imitate the global frontier. The interaction term betweanpstition and the distance to the
global frontier or national frontier indicates the impactoifpetition on the incentives of
(lagging) firms to imitate the global or national frontiéErom a theoretical perspective this
impact is ambiguous, because it depends on the firm’s comegtdsition and the cost of
imitation which are both related to the distance to the glebahtional frontier> A positive
coefficient of the interaction term suggests that more cotigrestimulates most firms to
imitate* A negative coefficient suggests that more competition indiirces to abstain from
innovation as the cost of imitation outweighs its bang&fie latter case may particularly hold
for firms at further distance from the global or natiomahfier, because the cost of imitation
increases with the distance to the frontier.

Adjustment to cyclical and industry specific effects

Besides the explanatory variables outlined above, TFP-gnmathoccur as consequences of
other reasons. For instance, the TFP-growth is directly cetateyclical effects. Additionally,
the size of TFP-growth may vary across industries. For pkgrFP-growth in innovative
industries, such as chemicals and telecommunication, is dgriegller than TFP-growth in
mature industries, such as food processing or businesseserVo control for such unobserved
heterogeneity that is correlated with explanatory variableselade year-dummies and
industry dummies in the regression equation. In doingve also control for co-movements in
(changes in) national frontier and TFP-growth due to fstaince cyclical effects.

Econometric issues

This section discusses four econometric issues that magge in estimating the regression
equation (3.1). These issues are endogeneity of R&D, endogehtity national frontier,
measurement errors in TFP and potential inconsistendyeahbdel in case of leapfrogging.
We check these issues in Chapter 6 and in appendix C (endggstie&D). More precisely,
we analyse the relevant correlations to check the endogeneigyarfinants and run
additional regressions to check impact of measurement emdrthe robustness of the model.

Endogeneity of R&D

R&D can be endogenous for two reasons. First, Griffithl.e2004) suggest that R&D may
also be determined by anticipation of future profits. Finm&st more in R&D in periods when
TFP is growing more rapidly (for example in a cyclical upsyyiand high profits provide

2 More precisely, if the national frontier does not represent the global frontier, then firms at the national frontier may also put
more effort to absorb the technology at the global frontier. Firms behind the national frontier may learn from the global
frontier and/or from the national frontier.

2 The issue is similar to the escape competition effect versus the Schumpeter effect (see section 2.1).

* In this case as the benefit of imitation outweigh its cost.
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sufficient financial funds. This observation makes the @awegationship between R&D and
TFP ambiguous. To some extent, the lagged R&D intensiggiuation 3.1 solves this issue,
unless firms anticipate on future (upward) TFP-shockkiastantaneously adjust their R&D in
light of their anticipations. In that case, the (lagged) R&dauld still be correlated with the
residual of the regressidn.

Further, R&D might pick up the impact of competition orPFgrowth. The theory of
section 2.1 points out that more competition may stirediains at the national frontier to
innovate, but may also induce laggards to give up imitafibe.interaction term between
competition and the distance to the national frontier shpigk up the latter indirect effect of
competition on TFP-growth. But as these indirect effeotthgough (the incentives for
conducting) R&D, R&D and its interaction with distancehie hational frontier might be
correlated with competition.

Endogeneity of national frontier with global frontier
Section 2.4 has put forward a number of arguments why tie@nabfrontier can exist
independently of the global frontier. If those argumentsiatevalid, then the national frontier
might be endogenously and positively related to the globatiér. Movements of the national
frontier are then due to changes in the global frontiethdh case, both the results of the catch
up effect to the national frontier and the catch up effect toltdtembfrontier might be biased.
Bartelsman et al. (2006) also point to the potential coroglddetween thdistanceto the
national frontier and theistance to the global frontiet® Their argument, however, is more
technically. In fact, if the TFP-levels of the national frentonverge to the TFP-level of the
global frontier, then the distance in TFP-level of lagdings to the national frontier will
converge to their distance to the global frontier.

Measurement errors in TFP

At the outset we use the standard growth-accounting medhecaldulate TFP (see Chapter 4).
However, growth accounting assumes that firms operate wodstant returns to scale with
perfect competition on input- and output markets. If theselitions do not hold, TFP-levels
will be measured incorrectly. Additionally, in our model allow the competition intensity to
be one of the determinants of TFP-growth, this seems &b de&ds with the growth accounting
assumption of perfect competition. To cope with this isatithe national level TFP can be
measured in another way relaxing the neo-classical assumfgtem8alk, 2008, and appendix
B).

** More technically, in this case E(R&Dt,l,et)i 0 which would eventually result in a biased regression.

%% Note that the distance to the national frontier may also be correlated with the lagged competition intensity. In fact, fierce
competition raises the gap between leading and lagging firms, but only after the leading firms have implemented a new
technology. However, this correlation does not affect our regression results, as we include the lagged distance to the
national frontier as an explanatory variable in the regression equation.
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Error Correction Model and inconsistency with leapfrogging

Our model can be considered as a variant of an Error Corrédtidel (ECM, see also Griffith

et al., 2004). It yields that the convergence of laggingdito the TFRevel of the frontier (by
imitation) is captured by a positive impact of the distandeémational or global frontier to the
TFP-growth of the lagging firms. However, adding fisnmdependent efforts to generate TFP-
growth may result in an inconsistency of the regressiodel in case of leapfrogging.
Intuitively, lagging firms can leapfrog the frontier orily conducting R&D to create own new
innovations, not by imitating existing technologieslded, one has to create a new technology
to become the frontier firt. In fact, given théagged impact of the distance to the frontier on
TFP-growth, leapfrogging firms would still learn frofmet (ex-frontier) firm who has been

leapfrogged. This is inconsistent.

* This argument is in line with the argument of Acemoglu et al. (2006), see section 2.2.
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4 Data and stylized facts
Section 4.1 discusses the data used for our econometric ankilgisiscribes the sources of the
data, and the most important variables that are applied in onometric models. Section 4.2
presents some stylized facts about the TFP distributifimag in the Netherlands, compared to
both the national and the global frontier.
4.1 Description of data
41.1 Main sources
This study uses four sources: PS, R&D and CIS-sunrel/tlee EUKLEMS-database. The first
three of these are Statistics Netherlands surveys, whilelUké EMS-database is the product
of a comprehensive international research project. We will nowidegtiese main sources of
information.
PS
Data on productivity is derived from the Production Stats(=PS), produced by Statistics
Netherlands on a yearly basis. Data from this PS is avafiablee years 1995 to 2004 The
PS is a sampled survey; only the largest firms are includée sample each year. For
decreasing firm size, sampling fractions also decrease, and malgrsfirms will have gaps in
the data for several years. The number of observed firms vatieedn about 26,000 and over
42,000 (see table 4.1).
Table 4.1 Number of observations, 1997-2004
1997 1998 1999 2000 2001 2002 2003 2004
Manufacturing 8345 7982 8013 6428 7778 6925 6965 6332
Services® 18122 20391 18634 27431 33333 33600 35266 28767
Total PS 26467 28373 26647 33859 41111 40525 42231 35099
PS +CIS 865 3756 1098 2344 1646 2320 1276 2225

Source: own computations based on PS and CIS.

a L .
Services includes also construction, trade and transport.

CIS and R&D Survey

Data on R&D has been gathered in two separate surveys: the @aiyinnovation Survey
(CIS), and the R&D survey. The CIS is a European harmomjaedtionnaire, held every two
years, containing questions about innovative activitiesiarprises, and their effects. In the
other years, the R&D survey is held. This survey contaisisbset of the questions of the CIS,
and covers mainly expenditures on R&D. The dataset covers tiod 4896-2004.

18 Except for transport and telecom, data for these industries cover the period 2000-2004.
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41.2

The number of observations in the CIS is low comparedatioahthe PS, as shown in table 4.1.
In odd years, the amount of data is especially small becausartide for the R&D survey is
not drawn randomly; it is biased towards the firms Haate been classified as innovators in the
preceding CIS. We use the full PS-sample for calculating thena&frontier and the measure
of competition; the much smaller sample of the PS combingdtine CIS is used for the

regressions in Chapter 5.

EUKLEMS

We use the EUKLEMS database to define the global frontier. Thefahe EUKLEMS-

project was to create comparable time series on production @utguhput factors across a
number of countries to produce internationally comparable ptowty figures. The countries
included in the project are the United States, Japan, and 16cpajaries of the European
Union. One result of this research is a database of TFP-l&\eésdatabase contains a
complete set of data for most of the participating countdethe years 1993 to 2004. The TFP-
levels of Japan and four European countries (i.e. Greece, Irélaxeinbourg and Portugal)

are not available. Data are given for 20 industries, correspgadiindividual 2-digit NACE
classes or a combination of those.

Key variables

TFP growth
Using the growth accounting method, TFP growth of a fiimased on the growth of value
added minus the weighted inputs of labour and capital services.

We use as output measure the value added of an entergtige 1995 prices. To calculate
this, the value added in real prices from the PS is deflaithdaw appropriate price index from
the Make and Use tables of the National Accounts.

The input of labour is expressed in number of people gragi¢in full time equivalents).
As detailed information for measuring capital services atithelével is missing, the
depreciation expenditures deflated with the price index foraess of capital (sourced from
National Accounts) approximate capital input. Appendix A fartiixplains the construction of
TFP growth.

TFP level

The distances to frontiers are based on TFP levels, hence we reédticed of TFP levels. To
make comparisons between TFP levels at the micro level weeaisaybrlative index
procedure (see Caves et al. 1982, and appendix A for furtheraiaing.

Constructing real TFP levels that allow a comparison betwems fit a given point of time
(the spatial differences) and (simultaneously) between yeatisf@ame firm (the
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intertemporal differences), as one needs both for our ecoriorseécification, raises various
difficulties. Interspatial comparisons are hampered by theptioation that TFP ratios that are
‘built’ from TFP levels of different firms are not tratise.’® One way out of this

mathematically unsolvable problem concerns the use of artiaitifinit as the point of
reference in the TFP calculations. In our application this @etifunit is the average firm in the
market. Caves et al. (1982) have shown that for this chéite @rtificial unit the resulting

TFP ratio’s have the desired property of transitivity. Nehaddss, this choice remains more or
less arbitrary as other points of references may be equaitiyarad results can be dependent on
the reference point used.

National frontier

In theory, the highest TFP-level of all firms in a givadustry in the Netherlands represents the
national frontier. However, this definition for the framtis very sensitive to the presence of
outliers in the data. To reduce this sensitivity, we loakeathighest quartile in the TFP
distribution in each 3-digit NACE class instead of the baitsingle TFP-level. The average
TFP-level of these firms will be taken as the national fesntUsing this definition, about 10
percent of all firms have a TFP that is higher than the maltioontier. The distance to the
frontier of these firms is set to zero. For all other firthe distance to the frontier is defined as

a positive number.

Other definitions of the national frontier are possiblechapter 6, we check the dependence of
the outcome of our analysis on the choice of the nationaidron

Global frontier
Ideally, the global frontier would be defined in the same asthe national frontier, being the
highest productivity level of all individual firms inhatever country. This definition is hardly
feasible in practice, because we do not have worldwide micro dgtentiple, we have two
datasets at our disposal for measuring the global frontier.

First, the EUKLEMS database gives the average TFP per igdastt4 countries, relative
to the United States. The distance to the global frontieased on the difference between the
Dutch average TFP level and the highest average TFP leveldathizase.

The definition of the global frontier given above does nptu the spread of TFP levels
within a country. Bartelsman et al. (2006) even state thatithalgrontier based on industry
averages may result in a “poor proxy” of the actual technolo@icatier. In fact, if there are
large differences between firms within the leading countey distance of the Netherlands to
the global frontier will be underestimated. It is possibk the leading firms on a global level
are located in a country that on average does not have thethigtieésee box for an example).

g0, if country A is related to country B and country B is related to country C, then country A is related to country C.
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This misidentification of the global frontier cannot be preed, as the EUKLEMS data does
not contain information on the distribution of TFP levefithin a country.

Definition of the global frontier

Many studies use industry level data to investigate the convergence of TFP-levels to the global frontier. More precisely,
they first calculate the average TFP-level (or labour productivity) levels of each industry and each country (see e.g.,
Griffith et al,. 2004). Then for each industry (and each year) the global frontier is defined as the highest TFP-level across
all the countries (denoted as the Average-based Global Frontier, in short AGF).

Bartelsman et al. (2006) point to an important caveat of the AGF. Their main idea is that individual firms may have
higher TFP-levels than the AGF. This may also hold for firms in other countries and therefore may have an impact on
the assignment of the global frontier.

An example will illustrate the main consequences. The figure below compares the distributions of TFP-level of individual
firms in two countries, A and B. It shows that the average TFP-level in country A (ﬁA) is higher than the average
TFP-level in country B (ﬁa). Then, according to the traditional definition country A would hold the global frontier,
which gives AGF = TF_PA. However, firm 1 has the highest TFP level in country A, say TFP,,, and thus a TFP-level
that is (by definition) above the country’s average representing the global frontier. In this example firm 2 in country B
also has a TFP-level, say TFPg ,, that is higher than the global average. Then, it is unlikely that firm 1 in country A and
firm 2 in country B will learn from the technology of the “average firm” in country A with TFP-level TFP A, and the TFP-
levels of firm 1 and firm 2 will not converge to the global frontier. Further, note that in this example the distribution in
TFP-levels of country B is more dispersed than the distribution of country A. In fact, firm 3 in country B has a TFP-level,
sayTFPg 5, that is higher than the TFP-levels of any other firm in both countries. So then, it is more likely that firm 1 in
country A and firm 2 in country B will learn from the technology of firm 3 in country B.

All in all, it is more accurate to define a global frontier as the highest productivity level of all individual firms of whatever

country (denoted as Firm based Global Frontier, in short FGF). So in the example FGF =TFP; ; . As the example shows,

the FGF is (by definition) higher than the AGF, but may also refer to another country.

Distributions of productivity levels in country A and country B

Country A

' TEPA TFRy, TFP-level

Country B

TFPg TFRy, TFRy3TFP-level
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The second dataset used in Bartelsman et al. (2006) providdtermative for the

determination of the global frontier. Besides the average @F&llffirms in an industry, this
dataset also includes limited data on the TFP distributibe.fifms in each industry class are
divided into quartiles based on TFP, and the average TFeis fiir each quartile. This dataset
therefore provides a definition of the global frontier tisatomparable to the national frontier
given above. Unfortunately, Bartelsman's dataset has a naihbensiderable drawbacks
compared to the EUKLEMS data:

The selection of countries is smaller, and the absence of thed8tiites data for most years is
especially detrimental

The data is only available for the years up to 2001

For most countries, there is only information for manufang industries

Considering these facts, we have decided to primarily useUK&EMS data to define the
global frontier. We will use the second dataset for robustokecks of our outcomes.

R&D-intensity

The expenditures on R&D related to the valued added are usedessare of the R&D
intensity of a firm. This ratio comes from the CIS @ahd R&D-survey. The R&D expenditure
consists of the total costs of both contracted R&D andrmtral R&D, including wages,
exploitation costs, and capital expenditure on buildings angheent for R&D.

Human capital

The indicator used for human capital is the average wage peoyrept the firm level. Both
the expenditure on wages and the number of employees aredisdm the PS. A priori, this
variable is not an ideal measure of human capital as it is glosehected to labour
productivity. However, at the firm level we cannot measumadn skills directly, because we
have no specific data of the (average) education level and experfeheeemployees within
each firm.

PE

With the data at hand there are several routes open for measomipgtition. In this document
we use the profit elasticity (PE, see Boone et al. 200ig)irttplemented by using a regression
model that relates profits to marginal costs. This regressiapplied to firms belonging to one
and the same market. The parameter of this regression me&®uREs &and comparing this
parameter over time enables us to make inferences on changeggtitbom The main idea of
the PE is that fiercer competition enables efficient firmsatm eelatively higher profits than
their inefficient competitors. As TFP (growth), amongsters, mirrors (changing) differences
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in real profitability, the PE measure is natural choice feestigating the contribution of
competition to TFP growth.

4.2 Stylized facts
Figure 4.1 shows the evolution of the average distance wdbal frontier between 1997 and
2004. A low figure indicates that the distance to the glabalier is small. This distance is
clearly stable throughout this period for the Dutch manufagjundustry and to a lesser degree
for the Dutch services sect®rlt can be seen that the (average) services sector is on average
closer to the global frontier than the (average) manufactimohgstry.

Figure 4.1 Average distance to the global frontier (=0): 1995-2004
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To some extent, this finding is surprising. Dutchnoacturing has been long known for its
high labour productivity level in an international perspextiRecent new figures for services
also point to relatively high productivity levels for tBeitch services (see Inklaar et al., 2007).
In services, the Netherlands are especially close to the globdkfrin trade and in transport,
two important sectors in the Dutch economy (see also table 4.2

Figure 4.2 shows the evolution of the average TFP relatitteetaational frontier between 1995
and 2004. In contrast to the developments with respecetgldival frontier, both for
manufacturing and services, the lines show an upward trerwhiimg) that the average TFP has
dropped relative to the national frontier during that peffo@n average, the distance to the

% |n this document, services include also construction.
2 Actually, the spread of TFP levels among firms has also become slightly larger in the Netherlands over time.
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Figure 4.2
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national frontier is lower in the manufacturing sector thragdrvices. Although the
manufacturing sector as a whole performs relatively badly compatéé global frontier (see
figure 4.1), the differences between domestics firms arevelatimall. The services sector,
which is much closer to the global frontier on average, hisler distribution of TFP levels of
domestic firms.

Average TFP (not truncated) relative to the national frontier (=0), 1995-2004

1995

1996 1997 1998 1999 2000 2001 2002 2003 2004

—— manufacturing — - - services

Table 4.2 and figure 4.3 make those distributions moraaxpgiable 4.2 shows that the
difference in mean distance to the national frontier betweenfaeturing and services is
clearly visible. Moreover, there is a lot of variation betwaeo-tigit level industry classes.
Even in some of the manufacturing industries the Netherlizrntself the global frontier. This
is for example the case in food manufacturing (NACE 154&§jiles and leather (17-19) and
chemical manufacturing (24).

Figure 4.3 presents the spread of TFP levels. This figuwssthe distance to the national
frontier of all firms in manufacturing and services foe tyear 20042 The figure also shows
that the latter has definitely a fatter right tail. This moaleflected in the characteristics of the
distributions as shown in table 4.2. The distance betwesefirst and third quartiles (i.e. the
interquartile range) is given as a measure for the widtheoTFP distributions. For most
industries, this distance is about equal to the average oéldtive log (TFP). In a few
industries, there is a large difference between these two nunirizicsiting a different shape of

# Firms on the national frontier are not shown here. These firms have a distance to the frontier that is truncated at zero.
They constitute around 10 percent of the total panel in all industry classes.
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the TFP distribution. For example, in two-digit NACEs$&26, the interquartile range is about
double the average TFP, indicating a long tail of firms w&itaw TFP.

Table 4.2 Distances to frontier, in 2004
NACE- No. of Distance to national frontier ~ Distance to global frontier
code observations
% of firms

averagea q75-925 averagea above
Sectors
Manufacturing 15-37 6332 —0.60 0.65 -0.69 4.0
Services 45-74 28767 -0.87 0.96 -0.29 5.7
Two digit industries
Food products 15t16 923 -0.52 0.78 0.00 9.3
Textiles and leather 17t19 286 -0.82 0.84 0.00 10.8
Wood products 20 158 -0.42 0.42 —-2.00 1.3
Paper products and publishing 21t22 977 -0.73 0.71 —0.55 25
Coke, petroleum products 23 20 -1.85 0.63 -3.01 5.0
Chemical products 24 384 -0.67 0.68 0.00 10.4
Rubber and plastic 25 279 -0.53 0.52 -1.21 2.2
Other mineral products 26 298 -0.34 0.64 - 0.67 3.0
Metals 27128 985 —-0.53 0.49 -0.57 2.2
Machinery 29 717 —0.40 0.51 -111 1.0
Electrical, optical equipment  30t33 593 -0.39 0.59 -0.94 25
Transport equipment 34t35 345 —0.46 0.69 -1.28 0.9
Other manufacturing 36t37 367 -1.60 2.15 -1.53 1.6
Construction 45 3472 -0.58 0.55 —0.86 1.0
Wholesale and retail trade 50-52 10009 -0.70 0.72 —0.02 8.2
Hotels and restaurants 55 1192 -0.79 0.81 -0.29 3.8
Transport and storage 60t63 3436 -0.97 0.98 0.00 9.9
Post and telecommunications 64 340 -1.28 1.48 —-1.48 0.9
Business services 71t74 10318 -1.09 1.26 -0.43 3.7
a The arithmetic mean of RTFP: i.e. the log of ratio MTFP/MTFP(frontier).
Figure 4.3 Distribution of distance to the national frontier: services (left) and manufacturing (right), 2004
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5.1

Main results

This chapter discusses the main regression results of firePsgrowth. Actually, it presents
five variants based on the period 1996-2004. The discupsidicularly focuses on the
relevance of the national frontier and on the impact of competitis both potential sources for
productivity growth are contributions to the existingi#ture. The first three variants extend
the analysis step-by-step towards the full model discussgettion 3.1. These three variants
are based on the extensive dataset with all industries inciurdedill be discussed in section
5.1. In section 5.2, we also estimate the full model fornvagor sectors separately, i.e. the
manufacturing and the services industries respectively. Thesegnessions may provide
additional insight whether the impact of the explanatory vigtiiffers across the economy.

Aggregated level

Restricted models point to correct direct effects

The first and simplest LS-regression variants focuseb@igdtch up to the global frontier and
the direct impact of R&D, competition and human capital oR-gFowth (see column 1 in table
5.1)2 Most of the results are in line with the theory, excephiaman capitad?

The catch up to the global frontier is limited and notidicgmnt, suggesting that firms hardly
learn from foreign firms at the global frontier. The pivsitimpact of R&D fits with the general
intuition that R&D used to create innovations will everlfuedsult in higher productivity. The
results also reveal that more competition on the Dutch markatlates firms to operate
efficiently and reduce X-inefficiencies, and to innovate. Fyn#e results on human capital
are remarkable, because the negative and significant impact of huntahaap FP-growth
contrasts with theoretical intuition.

The theory in Chapter 2 asserted that more R&D, human capitah aothe cases competition
might enhance the catch up to the global frontier. Howelendsults of column 2 in table 5.1
provide no empirical evidence for these indirect effects. Mogeigely, all the interaction
terms of R&D, human capital and competition are not significBmis suggests that firms do
not effectively use those possibilities to adopt technoldgies the global frontier.

This second variant comes close to the work of Griffith €28104), but our results provide
less evidence for the importance of productivity growthubfothe speed of technology
transfers. For instance, the direct effect of R&D correspamttseir results, but the interactive
effect of R&D with the distance to the global frontier iseau.

% We do not use a firm fixed effect model since we look at firm’s TFP-growth and not their TFP-level. In fact, the most
obvious determinants that may be firm specific are separately included in the regression equation. We do not report the
intercept in the tables due to abundance in relation with industry and time dummies.

# Inherent in the model, we find strong correlations between the interaction terms and the direct determinants, whereas the
correlations between the direct determinants are low. The former points to a multicollinearity problem.
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Table 5.1 Regressions results basic model: 4 variants®

Variant ) 2 3) 4)
Baseline No human capital

Determinant (and expected effect)

Distance global frontier (+) 0.027 0.077 0.167 0.156
(0.70) (0.95) (2.08) * (3.69) ***
Distance national frontier (+) 0.557 0.270
(10.51) *** (16.51) ***
R&D (+) 0.209 0.218 —-0.100 —-0.082
(6.23) *** (4.46) *** (-1.41) (- 1.15)
R&D x distance global frontier (+) —0.019 —0.007 —0.006
(- 0.26) (- 0.09) (- 0.08)
R&D x distance national frontier (+) 0.304 0.279
(4.04) *kk (3.69) Kk
Human Capital (+) —-0.104 —-0.101 0.058
(—12.37) *** (—8.97) *** (3.99) ***
Human Capital x distance global frontier (+) —0.008 —0.004
(—0.43) (- 0.20)
Human Capital x distance national frontier (+) —0.086
(_ 5.68) *kk
Competition (+) 0.005 0.007 0.010 0.012
(2.68) ** (2.57) ** (2.96) **=* (3.44) **=
Competition x distance global frontier (+ or -) —0.004 —0.007 —0.007
(-114) (—1.94) (—2.09) *
Competition x distance national frontier (+ or—) 0.007 0.005
(1.67) (1.21)
R-squared 0.0251 0.0252 0.1225 0.1223
Serial correlation” -0.126 —-0.125 0.005 0.015
Number of observations 12255 12255 12255 12264
Sectors All industries All industries All industries All industries
Year dummies yes yes yes yes
Industry dummies (EUKLEMS branch level) yes yes yes yes
Estimation method LS LS LS LS

a - — .

Between brackets z-value (based on panel robust standard errors); ***, ** or * indicates significant at respectively 1%-level, 5%-level or 10%-
level.

Estimated serial correlation of standard errors assuming that errors are correlated within firms.

Baseline model stresses relevance of national frontier
The third regression also includes the impact of catch ugetnational frontier. This regression
corresponds with equation 3.1(see column 3 in table 5.&)rd3ults emphasize the importance
of catch up to the national frontier. More precisely, the pasimpact of the distance to the
national frontier confirms that lagging (domestic) firmslearn from the firms at the national
frontier.

Now, the results also point to a significant catch up tatbleal frontier. Still, the higher
elasticity of the distance to the national frontier revealsdbstless imitation from the national
frontier is more important for TFP-growth than frone thlobal frontier.
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Competition has a positively significant effect on TFPwglo Furthermore, it has opposite
effects on the catch up of firms to both frontiers. Momnpetition stimulates (non-frontier)
firms to imitate and catch up to the national frontier nfrietheoretical perspective, this result
indicates that the escape competition effect prevails the Schureffetdr and thus that the
initial level of competition is relatively low such that fagging firms the benefits of imitation
can outweigh its cost. In contrast, more competition seemsitce firms to abstain from
technology transfers from the global frontier. Appareritig, costs of imitating global
technologies are too high and they cannot be recovered indinfiesce competition. Both
effects of competition on the catch up, however, are smalhansignificant at high-

significance levels.

The empirical results of the baseline model also stress thatimmge of the second face of
R&D. Indeed, the figures reveal that more R&D helps lag§imas to catch up with the
national frontier’® In the Netherlands, firms more likely use R&D to learn amplement
current but leading technologies rather than to create owntiomsrand new technologies.

Finally, the results on the impact of human capital are tesottent puzzling, but keep in
mind that our indicator is only a proxy for human capi@mpared to the previous variants so
far, the direct effect of human capital of TFP-growth reveasesbecomes positive as one
would expect. This effect confirms the idea that higher séfllsmployees directly contribute to
TFP-growth. However, the findings also suggest that murapital has a negative and
significant impact on the catch up to the national frontigxich contrasts with theory.

Note that the impact of human capital is important in theepalebate, particularly in the
debate on enhancing the level of education of (future) employhedast column (4) shows
the estimation results if we leave out the human capital vari@bk other coefficients are not
affected much. Section 6.4 performs further robustness coéths specification of human
capital. Again the other coefficients appear to be robust terdiif specifications.

To sum up the main results, we find that the nationatieors important for firms to catch up

in TFP. Firms particularly use R&D to imitate the natiofiahtier, which underlines the second
face of R&D. Competition stimulates firms to operate efficigrdhd to improve their
productivity. Weak indications exist that competition alsmslates lagging firms to put more
effort to imitate their (efficient) competitors at the natiofmahtier.

% The direct effect of R&D in the first regression also seems to pick up the positive impact of R&D on the catch up, as in that
regression the interaction term is not included.
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Comparisons between sectors

It is interesting to look at the results for the manufaotuand services industries separately, as
the characteristics of those industries differ in many wags {able 5.2 column 2 and column 3
respectively). Across the explanatory variables, the resdtiggely similar in signs (except
for competition), but different in the size of the parametéos instance, a priori we expected
that convergence to the national frontier might be more reldeasérvices and construction
industries as they operate more likely on national or evearralgmarkets, while convergence
to the global frontier might be more relevant for manufastuindustries as they are focussed
on international markets. Moreover, given their gap to eiteenational or global frontier, the
stylized facts in chapter 4 suggest that services firms ceatd Imore from their domestic
competitors, whereas manufacturing firms could learn more &bormad. The regression
results, however, hardly confirm this expectation. In fachath sectors catch up to the
national frontier is more important (and significant) tharhe global frontier. This suggests
that the scope of the market, which differs between the two seators, seems to be less
relevant for catch up opportunities.

Competition, however, affects TFP growth differently. STfinding might be attributed to the
difference in competition intensities in both sectors. ReC&B-research reveals that the level
of competition intensity in manufacturing industriesngch higher than in services and
construction industries (see Creusen et al. 2006). In thefaczturing industries, intensified
competition induces firms in a direct way to reduce X-icefficies or stimulates firms to
innovate. Further increases in competition do not induce laggaviidhitate the leading firms.
The reason is that for those firms the benefits of imitadice too low to recover the cost of
imitation due to the high level of competition in manufaicigrIn the services industries,
however, competition is relatively lower such that for laggandtation of technologies from
the national frontier is relatively more profitable.

With respect to R&D, the results for manufacturing finmslerline the outcomes of the
baseline model implicating that the second face of R&D in relatith the national frontier is
more important than its traditional face, i.e. creating newntiens. In contrast, in services,
R&D has no significant impact on TFP growth anyway.sdme extent, this is not surprising
because in services R&D is less important than in manufagtindustries.

Finally, the direct impact of human capital on the TFP-devedoyns particularly evident in
the services industries supporting the idea of services beguifis to clients. For both sectors,
the impact of human capital on the catch up to the nationaldraemains negative (and
significant for services), and thus puzzling.
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Table 5.2 Regressions results for separate sectors®

Variant

Determinant (and expected effect)
Distance global frontier (+)

Distance national frontier (+)

R&D (+)

R&D x distance global frontier (+)

R&D x distance national frontier (+)

Human Capital (+)

Human Capital x distance global frontier (+)
Human Capital x distance national frontier (+)
Competition (+)

Competition x distance global frontier (+ or -)

Competition x distance national frontier (+ or-)

R-squared

. . b
Serial correlation
Number of observations

Sectors
Year dummies

Industry dummies (EUKLEMS branch level)
Estimation method

@

Baseline

0.167
(2.08) *
0.557

(10.51) ***

—0.100

(- 1.41)

~0.007

(- 0.09)
0.304
(4.04) ***
0.058
(3.99) ***

~0.004

(- 0.20)

~0.086

(~ 5.68) ***
0.010
(2.96) ***

—0.007

(- 1.94)
0.007
(1.67)

0.1225
0.005
12255

All industries
yes

yes
LS

)

Manufacturing

0.151
(1.81)
0.329
(3.90)

-0.155

(- 1.83)

—0.097

(-1.27)
0.660
(6.43) ***
0.048
(2.13) *

-0.010

(- 0.48)

-0.031

(- 1.29)
0.008
(2.35) **

~0.005

(- 1.61)
0.005
(1.10)

0.1253
—-0.019
7071

Manufacturing
industries
yes
yes
LS

©)

Services

0.395
(1.57)
0.533
(6.96) ***

—0.087

(- 0.63)
0.025
(0.08)
0.149
(1.27)
0.057
(2.43) **

—0.003

(- 0.06)

~0.098

(— 4.76)

~0.009

(-0.76)

~0.003

(- 0.06)
0.045
(3.77) ***

0.1305
0.057
5184

Services and
construction

yes
yes
LS

a - - .
Between brackets z-value (based on panel robust standard errors); ***, ** or * indicates significant at respectively 1%-level, 5%-level or

10%-level.

Estimated serial correlation of standard errors assuming that errors are correlated within firms.

To conclude this section, we find for both manufacturimygtries and services convergence to

the national frontier to be more relevant than to the globatier. Tougher competition in

services industries stimulates firms to imitate the natiagoalier, whereas in manufacturing

industries, it more likely stimulates firms to innovate.
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6.1

Robustness checks

This chapter compares the results of the baseline model witint@that deal with econometric
issues as a way of robustness checks. More precisely, themetvatieck fof®

The impact of other definitions of TFP (section 6.1)

The robustness of the frontiers (section 6.2)

The link between productivity gap and effects of competitgaetion 6.3)
The robustness of human capital effects (section 6.4)

Other definitions of TFP

This section compares the baseline results with the regregsioltsrof two alternative
definitions of TFP, i.e. TFP without using the supeviaindex number procedure (see section
4.1) and TFP based on ignoring the key growth accountmgagstions.

Ignoring interspatial problems

To check the impact of the superlative index number procede@p®with the interspatial
problem, we compare the baseline regression with a regreasidridh the TFP level is based
on the growth accounting method without scaling to (intéwnal) industry averages (see
column 2 in table 6.1). We find that scaling hardly afféleésdirect catch up effects, so costless
imitation of the national frontier remains important, mdrart imitation of the global frontier.
However, scaling does affect the observed effects of compeditidfR&D on the catch up to
the national frontier. For instance, the results withoutirsgauggest that more competition
induces firms to abstain from learning from domestic firfitge results in column 2 also point
to the traditional role of R&D, as R&D has no significanpact on the imitation of the national
frontier, but seems to enhance TFP-growth directly. Nevexsbehs scaling ensures that the
TFP-levels of firms are comparable between firms, in our visiwg scaled TFP-levels is more
appropriate than applying TFP-levels without scaling.

Relaxing growth accounting assumptions

The second alternative measure of TFP relaxes the growth accoassingptions and relates
TFP to firm’'s profitability. As indicated in section 3tBe growth-accounting method assumes
perfect competition on input and output markets, and it assdinat firms have constant returns
to scale. These assumptions can be relaxed if we relate firmoTR&ir profitability. In that
sense, TFP-levels and TFP-growth are defined by the differensedrefirm’s value added

and its costs of labour and capital (see Balk, 2008, and ap&nd

% The results of two other variants, i.e. endogeneity of R&D and importance of export, are reported in appendix C and D
respectively.
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Table 6.1 Check for other definitions of TFP and other global frontier®

Variant Baseline (1) No scaling (2) No perfect Adjusted Alternative
markets (3) baseline (4) dataset (5)

Determinant (and expected effect)

Distance global frontier (+) 0.167 0.131 -0.134 0.151 —0.058
(2.08) * (1.62) (-2.21)* (1.81) (- 0.88)
Distance national frontier (+) 0.557 0.517 0.191 0.329 0.311
(10.51) **= (11.9) *** (6.13) *** (3.90) *** (3.51) **=
R&D (+) —-0.100 0.242 —0.245 —-0.155 —-0.202
(-1.41) (3.81) *** (—4.32) **= (-1.83) (—2.24)*
R&D x distance global frontier (+) —0.007 —0.029 0.132 —0.097 —0.027
(-0.09) (- 0.40) (2.39) ** (-1.27) (- 0.67)
R&D x distance national frontier (+) 0.304 —0.076 0.325 0.660 0.665
(4.04) *=*= (-1.13) (6.58) **=* (6.43) *** (5.73) ***
Human Capital (+) 0.058 0.013 0.040 0.048 0.021
(3.99) *** (0.91) (3.92) **= (2.13) * (0.80)
Human Capital x distance global frontier (+) —0.004 -0.014 0.039 —-0.010 0.023
(-0.20) (-0.74) (2.68) ** (—0.48) (1.29)
Human Capital x distance national frontier (+) —0.086 -0.114 -0.031 -0.031 -0.018
(—5.68) *** (—9.5) ** (— 3.66) **=* (- 1.29) (- 0.70)
Competition (+) 0.010 0.014 0.001 0.008 0.013
(2.96) *** (4.10) *=*= (0.28) (2.35) ** (3.69) ***
Competition x distance global frontier (- or +) —0.007 —0.006 —0.003 —0.005 —0.004
(-1.94) (-1.53) (-0.98) (-1.61) (—2.38) **
Competition x distance national frontier (- or +) 0.007 -0.011 0.023 0.005 0.001
(1.67) (—3.17) **= (9.06) *** (1.10) (0.10)
R-squared 0.1225 0.0434 0.0998 0.1253 0.1375
Serial correlation? 0.005 -0.114 —0.073 —0.019 0.000
Number of observations 12255 12255 12255 7071 5505
Sector All industries All industries All industries ~ Manufacturing  Manufacturing
industries industries
Year dummies yes yes yes yes yes
Industry dummies (EUKLEMS branch level) yes yes yes yes yes
Estimation method LS LS LS LS LS
Estimation period 1996-2004 1996-2004 1996-2004 1996-2004 1997-2001

1 - N .
Between brackets z-value (based on panel robust standard errors); ***, ** or * indicates significant at respectively 1%-level, 5%-level or 10%-level.
Estimated serial correlation of standard errors assuming that errors are correlated within firms.

Column 3 in table 6.1 reports the findings of this vdridie results mainly change for the
importance of the global frontier. The distance to the glabatier has a negative and
significant effect on TFP-growth, but this contrastd®theory. In contrast, both more human
capital and R&D enhance the imitation of technologies at tHebfoontier.
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Robustness of frontiers

This section analyses the robustness of the global andtioaal frontier. More precisely, we
check for effects of:

Global frontier based on firm-level data

Different percentile in national frontier

Exclusion of frontier firms to check Error Correction Mecisam
Check of endogeneity of national frontier

Global frontier based on firm-level data

To check the effect of using another definition of the gldtmaitier, we compare the results of
the baseline model with the results using a global frobased on firm-level data from the
dataset of Bartelsman et al. (2006). As denoted in the boxrfibaf of the global frontier” in
section 4.1, the global frontier based on firm-level datadse appropriate than based on
industry averages.

However, due to data limitations of this alternative datasetam only look at
manufacturing industries. The differences in the results amermee column 4 and column 5
in table 6.1). The most crucial differences are that the imgactropetition on the learning of
the global frontier, and the direct impact of R&D have becogeifitant with the wrong sign.

More strict definition of national frontier

In the baseline regressions we define the national frontidiecsverage TFP-level of firms in
the highest quatrtile, i.e. the average of TFP-levels above thejd&fttle. The main reason for
applying a boundary is measurement errors. The choice ofralaguat 75% is arbitrary.
However, raising this boundary does not affect the outconiestamtially. In fact we
recalculated the national frontier as the average of TFP-levels #mo98% percentile, thus
sharpening the selection of more efficient firms being theTaple 6.2 shows that the
regression with the boundary of 90% (column 2) givedlaimesults as the baseline regression
with the lower limit of 75% (column 1).

Check for inconsistencies in case of leapfrogging

To check for a potential inconsistency of our model in c$ésapfrogging, we estimated the
effects for only non-frontier firms (column 3 in tabl@}%.The results of these regressions do
not point to substantial differences. This suggestsfitimas at the national frontier have limited
impact on the regression results. So, even if the model tdse1 would become inconsistent
in case of leapfrogging of firms, it is unlikely thatghinconsistency will affect the regression
results.
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Table 6.2 Check for other definitions of national frontier and for impact different gaps on effects of competition®

Variant

Determinant (and expected effect)
Distance global frontier (+)

Distance national frontier (+)

R&D (+)

R&D x distance global frontier (+)

R&D x distance national frontier (+)

Human Capital (+)

Human Capital x distance global frontier (+)

Human Capital x distance national frontier (+)

Competition (+)

Competition x distance global frontier (- or +)

Competition x distance national frontier (- or +)

R-squared
Serial correlation®
Number of observations

Sector

Year dummies

Industry dummies (EUKLEMS branch level)
Estimation method

Baseline (1)

0.167
(2.08) *
0.557

(10.51) ***
~0.100

(- 1.41)

~0.007

(- 0.09)
0.304
(4.04) *+*
0.058
(3.99) ***

~0.004

(- 0.20)

~0.086

(— 5.68) ***
0.010
(2.96) ***

~0.007

(- 1.94)
0.007
(1.67)

0.1225
0.005
12255

All industries
yes
yes

LS

Other boundary Only non-frontier

nat. frontier (2)

0.189
(2.36) **
0.607

(11.63) *+

-0.139

(- 1.91)
0.011
(0.15)
0.350
(4.70 **
0.062
(4.24) ***

~0.006

(- 0.33)

-0.108

(- 7.33) *+
0.010
(3.01) ***

-0.007

(- 2.03) *
0.006
(1.47)

0.1156
—0.010
12255

All industries
yes
yes

LS

firms(3)

0.205
(2.46) **
0.731

(12.46) ***

-0.076

(-1.01)
0.024
(0.32)
0.266
(3.38)
0.112
(6.52) ***

-0.011

(-0.53)

-0.140

(= 8.27) **+
0.011
(3.04) **

~0.009

(- 2.38) **
0.008
(1.64)

0.115
—0.015
11176

All industries
yes
yes

LS

Only lagging

firms (4)

0.205
(1.43)
1.099

(11.49)

-0.372

(- 2.56)
0.145
(1.36)
0.432
(3.25)
0.263
(8.22)

~0.009

(- 0.25)

-0.256

(- 8.83)

- 0.006

(- 0.69)

~0.006

(- 0.99)
0.029
(3.08)

0.1295
—0.036
5590

*%

*k%k

*k%k

*kk

All industries

yes
yes
LS

Only advanced
firms (5)

~0.002
(- 0.02)
-0.015
(- 0.05)
0.04
(0.35)
-0.224
(-2.18) *
0.818
(2.49) **
-0.037
(- 1.33)
0.045
(1.86)
0.038
(0.48)
0.009
(2.03) *
-0.010
(- 2.42) *
0.014
(1.18)

0.0434
0.034
5586

All industries
yes
yes
LS

1 - N .
Between brackets z-value (based on panel robust standard errors); ***, ** or * indicates significant at respectively 1%-level, 5%-level or 10%-level.

Estimated serial correlation of standard errors assuming that errors are correlated within firms.

Check of endogeneity of national frontier

We check the potential endogeneity of the national frontier anviays, i.e. first by a check of

relevant correlations, and second by applying a Hausmannterstuetning an additional 1V-

regression. Both checks, however, reject the possibilitydbgeneity.

First, we calculate for each 2-digit industry the correlatietwleen the (average) TFP-levels of

the national frontiers and the average TFP-level of the gfodoatier over the period 1995-

2004. For endogeneity of the national frontier we expecsiip® correlation (see section 3.2),

a4



but for most industries we find a negative correlation. TéBeshows that the TFP-levels of
the national frontier(s) and the global frontier are:

* Positively correlated in 6 industries, with in 2 indusdra correlation higher than 0.5
* Negatively correlated in 11 industries, with in 7 industeerrelation lower thar0.5

So these correlations do not point to a direct relation betiee(@average) TFP-level of the
national frontier and the TFP-level of the global frontier.

Table 6.3 Correlation over time between TFP-level of national frontier and TFP-level of global frontier*

SIC Industry Correlation
15-16 Food , beverages and tobacco 0.52
17-19 textiles, textile , leather and footwear -0.12
20 wood and of wood and cork 0.25
21-22 pulp, paper, paper , printing and publishing -0.71
23 Coke, refined petroleum and nuclear fuel 0.24
24 chemicals and chemical 0.17
25 rubber and plastics -0.52
26 Other non-metallic mineral -0.71
27-28 Basic metals and fabricated metal -0.37
29 machinery, nec —0.66
30-33 electrical and optical equipment -0.52
34-35 transport equipment n.a.
36-37 manufacturing nec; recycling -0.73
45 construction 0.65
50-52 wholesale and retail trade -0.74
55 hotels and restaurants 0.40
60-63 transport and storage - 0.07
64 post and telecommunications -0.04
71-74 renting of machines and equipment, and other business activities n.a.

Source: Own computations based on EUKLEMS-database and firm-level data of Statistics Netherlands.
* For each 2-digit industry, the TFP-levels of the national frontier at 3-digit level are averages.

Second, we also applied a Hausmann test that actually comparesehiaéregression with an
additional IV regression. This IV-regression allows theadise to the national frontier to be
endogenous, with the lagged TFP-level of the global froatierthe lagged distance to the
global frontier as instrumental variables (see appendix Ehéordsults). The Hausman test,
however, rejects the endogeneity of (the distance to) thenahfrontier.

Finally, note that the technical argument of Bartelsman et @6)2th the correlation between
the distances to the global frontier and to the nationatiéois not relevant in our empirical
model. The reason is that the distance to the national frasitieeasured at the firm level,
while the distance to the global frontier is measured at thestry level. In that sense it is
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6.3

6.4

unlikely that the levels in the distance to the national feomill correlate with the levels in the

distance to the global frontier.

Does the productivity gap matter in case of more competition?

Part of the theory in chapter 2 points to an ambiguouseicideffect of competition on
innovation (of incumbents). Whether competition worksdifferently for advanced than for
laggards, we estimate two additional regressions of the basstidel. One regression includes
advanced firms, i.e. non-frontier firms with a distance ®rthtional frontier below the median
of all distances. The other regression includes only laggimg, i.e. firms with a distance
above the median of all distances.

Table 6.2 presents the results of the regression with lgdigims (column 4) and advanced
(column 5). Both regressions reveal that competition hasidy@impact on the imitation of
the technologies at the national frontier. This suggeatghie theory of the inverted U-curve is
not confirmed here. Apparently, the (potential) benefitegging firms after imitating the
national frontier are sufficient to recover their cost of atidn, particularly if the competition
intensity is low. Further, more competition induces advafficad to abstain from imitating the

global frontier.

Robustness of human capital effects

In section 5, we approximate human capital by the average wadgi@devdem. The main
reason is that we cannot measure human skills at the fiehdeectly, as we have no specific
data such as the (average) education level or experience of treyeagpWithin each firm. Our
indicator can be criticised on, amongst others, that the leagekis directly related to
productivity, since on competitive labour markets wages arel ¢gthe marginal product of

labour.

At least, two reasons can be used as counterargument in adviasicave regress TFP-growth
on thelevel of human capital, not on tlohange in human capital. Thievel of human capital
reflects the effect of employees’ skills on firm’s innovatiess, as higher education and
experience may ease the extent in which firms can create thelsudwew technologies.
Second, we use the one-year lagged proxy for human capitattoneient the direct causality

between labour productivity and wages.

To what extent are the results on the effects of human tegiast? We checked this in two

ways. We consider the impact of two alternative indicators, i.e.
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* The firm's (average) wage level scaled to the industry wage dsvah alternative indicator for
human capital (column 2 in table 6.4)
» the two year lagged average wage level (column 3 in table 6.4)

Table 6.4 Impact of alternative indicators of human capital®
Regression results of variant Baseline (1) Relative human capital ~ Longer lag human
2 capital (3)
Determinant (and expected effect)
Distance global frontier (+) 0.167 0.153 0.151
(2.08) * (3.65) **=* (1.57)
Distance national frontier (+) 0.557 0.234 0.370
(10.51) *** (13.47) *= (14.58) ***
R&D (+) —-0.100 —-0.091 -0.151
(- 1.41) (- 1.29) (- 1.47)
R&D x distance global frontier (+) —0.007 —0.001 0.006
(- 0.09) (-0.01) (0.06)
R&D x distance national frontier (+) 0.304 0.288 0.458
(4.04) kK (3.84) kK (3.68) *kk
Human Capital (+) 0.058 0.106 0.066
(3.99) **=* (6.12) **= (4.39) **=*
Human Capital x distance global frontier (+) —0.004 -0.02 —0.004
(- 0.20) (-0.92) (-0.20)
Human Capital x distance national frontier (+) —0.086 -0.153 -0.027
(_ 5.68) kK (_ 9.76) kK (_ 6.99) *kk
Competition (+) 0.01 0.009 0.014
(2.96) **=* (2.79) ** (3.14) *=*
Competition x distance global frontier (- or +) —0.007 —0.007 —0.008
(- 1.94) (- 1.94) (- 1.63)
Competition x distance national frontier (— or +) 0.007 0.008 —0.005
(1.67) (1.84) (- 0.92)
R-squared 0.1225 0.1268 0.1296
Serial correlation® 0.005 0.001 0.016
Number of observations 12255 12255 5982
Sector All industries All industries All industries
Year dummies yes yes yes
Industry dummies (EUKLEMS branch level) yes no yes
Estimation method oLS oLS oLS

1 - N .

Between brackets z-value (based on panel robust standard errors); ***, ** or * indicates significant at respectively 1%-level, 5%-level or 10%-
level.

Estimated serial correlation of standard errors assuming that errors are correlated within firms.

The results indicate that the regressions with the altersatigicators provide no substantially
different results. These findings suggest that in the in@selodel the average wage level per
firm is seemingly a robust indicator for human capital, dvad additional adjustments of the
wage level for potential institutional and cyclical effecis @dundant. Further, remember also
that skipping human capital does not affect the coefficientshefr determinants (see table 5.1,
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column 4). So apparently, the effects of human capital are yargi#pendent of the effects of
other determinants.
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Wrap-up and concluding remarks

Wrap-up

This document focuses on innovation, human capital, techptiansfers and competition as
potential sources of productivity growth for firms.itegrates the views of existing literature
such as the two faces of R&D, the convergence debate and tlenesaisf firm-level
heterogeneity in productivity. The document adds two spesgues to the literature: the
relevance of a national frontier besides a global frontier tlemdmportance of competition.

Using firm-level data of 127 industries in the Netherlads document analyses which
determinants are most relevant for a catch up to either thenahtr the global frontier and in
that respect are important for the productivity performanderas. The frontier is defined as
the highest Total Factor Productivity (TFP) level at the nafior global level respectively.
The document provides econometric evidence that technologyetreunsatters, mainly from
the national frontier. Particularly, R&D encourages growatiotigh technology transfers from
the national frontier. This suggests that firms mainly cehihvestments in own R&D in order
to adopt existing technologies from other (domestic) firms&ddition, competition on (Dutch)
product markets seems to affect productivity growth diye€tinally, although prudence is
called for due to measurement issues, human capital appearepdrtant for productivity.

The main results hardly differ if we look at the manufactyand services industries
separately. The convergence to the national frontier is moreargléhan to the global frontier
for both sectors. Regarding manufacturing, the second face bf R&€&ded for catching up to
the national frontier, is relatively more important thandervices. Tougher competition in
services industries stimulates firms to imitate the natiaoalier, whereas in manufacturing

industries, it more likely stimulates firms to innovate.

We have also looked whether a distinction between leading anddgiigns alter the overall
results. This is particularly relevant for the impact of cotitipe as theory argues that fiercer
competition may stimulate productivity of leading firmgjile it may induce laggards to
abstain from improvements of productivity via innovativie do not find evidence for an
inverted U-curve with respect to the national frontier. Fiercempetition also stimulates the
productivity of lagging firms. Apparently, the (potenjiaknefits of lagging firms after
imitating the national frontier are sufficient to recover thoeist of imitation.

We have examined the robustness of our main results as &nafrfeconometric) concerns
can be put forward. More precisely, we review concerns relategtésurement errors in TFP,
the sensitivity to the definition of the frontier incladithe available data, and to the proxy of
human capital. At the firm level we cannot measure human capiatly, because we have no
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specific data at our disposal of the (average) education levelgedience of the employees

per firm.

All'in all, the results of these robustness tests daadically change the overall conclusions.

Concluding remarks

The analysis in this document contributes to the prodiygtigsearch agenda of CPB. So far,
mostly industry level studies have focused on the topgoo¥ergence to the frontier, an issue
relevant in the endogenous growth theory. This documestfirm-level data taking into
account the stylized fact that firms are very heterogeneousdériines the importance of
R&D, competition and to some extent human capital for ptdty growth.

The implications of our findings for additional or newlipy measures are not clear-cut without
further research including whether or not generic measuresoifispneasures per industry are
required. In general, the importance of knowledge (spillowgasjechnology transfers,
innovation and sufficient competition as sources for petidity are already thoroughly
embedded in existing policy. This document did not ingast whether market failures (or
government failures) are at stake and might (not) legitimi@ernment intervention. Like
Griffith et al. (2004), we conclude that the social rate afrreto investing in R&D may be
underestimated in studies that focus solely on countriesitbdhe frontier such as the US

economy.

In addition, our results have two interesting findingisgdolicy: the relevance of a national
frontier and the importance of competition.

First, the importance of a national frontier implies that@lgh the gap might be too large
for firms to learn from the global frontier, they stilanage to profit from domestic knowledge.
Future work could be directed to what causes the occurreribis ofational frontier. One of the
main gquestions that should be addressed is whether marke¢$air government failures (e.g.
too much red tape) determine this frontier. And if so, velnateffective policies as the social
benefits should be weighted against the costs of thesggsoli

The second interesting finding is that this document shbatscompetition is important for
the productivity performance of firms and that it providesentives to learn from others.
Furthermore, competition is conducive to productivity bfothfirms close to the national
frontier as well as for firms lagging further behindide work could therefore be directed to
the issue whether additional innovation policy is needed éggitkvailing measures such as
the WBSO and the intellectual property rights.

Both findings are also related. Statistics Netherlands receuliyshed the appealing result
that foreign firms operating in the Netherlands are moreymtdee than Dutch domestic firms
(CBS, 2008). This suggests that those ‘foreign’ fimanly determine the national frontier.
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Hence, it is seemingly important to eliminate redundanitini®nal entry barriers for foreign
firms. Attracting efficient foreign firms to the Nethands keep domestic firms in touch with
the global frontier. In fact, our findings support tdea that the threat of entry from

technologically advanced entrants encourages incumbents tatenov

Options for future work would be to improve the model ard better data. We discuss three
challenges.

First, our current model restricts the direction of knowketransfer as it neglects the
intrasectoral spillovers between countries as source for pigiycfrowth. An
industry/country can only learn from the international frenwhich is synonym to the
economy operating the most efficient technology. In practice nwevkhat knowledge
transfers do occur between all countries and all industnigbal respect, the contribution of
trade partners to the knowledge exchange process could be morgaimphan that of the
frontier country (see e.g. Coe and Helpman, 1995).

Second, the definition of the imitation potential as the éégii FP level presupposes
congruence of technological development. This highest TP ieassumed to embody all
existing technological know how. If, however, technologdmlelopment in different countries
is to a certain extent incongruent, then the definitiofefitnitation potential should include all
TFP levels, not just the highest. Economic historians (seékrgmovitz, 1991) have
convincingly shown that technological incongruence is impoftarthe potential to imitate.
Geographical distance or cultural differences may affect thisrptisn process.

Finally, information on the composition of human capitahissing at the firm level. In the
near future, Statistics Netherlands aims to create the gagdibiink employee and employer
surveys at the firm level. Then, it is possible to difféise between more types of labour such

as age, education and experience.
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Appendix A: Computation of TFP

To make comparisons between TFP-levels across firms overaimweth distances to the
frontier, one needs a system of specific intertemporal aedsjpeitial price index numbers for
value added and capital cost. Such a system is not uniquis alegpendence on some spatio-
temporal reference point cannot be circumvented. We followuperkative number index
procedure (see Caves et al. 1982), that restore the transitwitition. To do so, one has to
calculate TFP-levels relative to some common reference pointherely the components of
the Solow residual are scaled to their means across firms oiriesu

Hereafter, we discuss in more detail the procedure to calculatesthead of Dutch industries
to the global frontier, then the distance of individuahfirto the national frontier and finally the
TFP-growth of firms.

Distance to global frontier at industry level

To calculate the distance to the global frontier based on theLEMIS-database, for each
industryk we first scale each country’s value added, use of labouragital, and it's share of
labour costs in value added (as proxyof’ by their geometric means over all countries. The
relative TFP-level of countrl then yields (subscripts of indusirare dropped here):

Y, L K
RTFR =Inl =& [—y In =& | = (1-vy )In =& 7.1
& [Yt J k ( L } (-vi) ( K, (7.1)
— K — — — —
with InZ, :%kz_llnzkt , InZ; =InY, InL; ,InK; the geometric average of varialde

over all countries

K
and Vie :%(akt +(7t), with & = > ay, the arithmetic mean of the share of labour costs
k=1

in total value added over all countries

Then, we compare the relative TFP-level of couptrythe relative TFP-level of the US:

STFR, = RTFR, — RTFR,q with STFP;, = max, STFR 7.2
kt kt ust Gt k kt

The distance of the Dutch industry to the global frontieroihe particular year can be derived
from

InA"/ A3 = RTFRy, - RTFPy, (7.3)

" \We take this share as the proxy of 0. in the production function Y = AL*K Ira , assuming that there are constant
returns to scale and that input markets work perfectly.
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with RTFP,, = max, RTFR,

Distance to national frontier at firm level

The distance to the national frontier is calculated in a slightigrent way since we are using
firm-level data. First, we scale the firm’'s TFP-levelhie industry average TFP-level at the 3-
digit level. Then we define the national frontier as the aveirathe highest quartile interval of
these relative TFP-levels, and calculate the firms’ distancée teational frontier.

So, we first scale a firm’s value added, use of labour and cagiidithe share of labour costs in
value added (as proxy @f) by their means over all Dutch firms. For each firm thatreé
TFP-level then yields (subscripts of industand countrk are dropped here):

RTFP, = |n[:(?iJ -V In(%j ~(1-w )In(%} (7.4)

t t t

— | — — — —
with InZ, :li_zllnzit , InZ; =InY, InL;,InK,; the geometric average of varialle
1=
over all firms

|
and Vip = %(ocit +(7t), with o, =+ a;; the arithmetic mean of the shares of labour costs
i=1

in value added over all firms

Griffith et al. (2004) also replaes; in (7.4) by the fitted value af applying a simple
regression of firms’ shares of labour costs in value adddtiar capital intensity:

oy = &+ Ky /L ) (7.5)

However, this additional regression is beyond the scoperofesearch, so the empirical results
presented in this document are based on the regular cost skhangg.2).

We define the relative TFP-level of national frontier as the aeevhgelative TFP-levels of all
firms in the upper quartile interval:

RTFRy = ﬁZi |_RTFPit | RTFR; > Q7srire, J (7.6)

Then the distance to the national frontier is defined as

In(A; /AY )= RTFR, - RTFPy, (7.7)

For firms with RTFP, = RTFP,, we putln(A,jt/A,tN) equal to 0.
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TFP-growth at firm level

Finally, the TFP-growth is calculated in a similar way asrétative TFP-levels. It is measured
as volume growth of the firm’s value added minus the weigiddme growth of inputs of
labour and capital (subscripts of industgnd countnk are dropped here):

ATFP, =In[ i J—vitln( L J—(l—vit)ln( K J (7.8)
Yit—[ Lit—[ Kit—(

with Vip = %(ait +aiH), anda;; ,a;_, the (lagged) share of firm’s labour costs in its value
added
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Appendix B Alternative calculation of TFP

In contrast to the traditional growth accounting method, Ratk Spijker (2003) suggest to base
TFP on firms’ profitability or mark up. More preciselyethdefine TFP-growth (based on value
added) as

AInTFR =In TFR (7.9)
TFR
in which
Y,
TFR, =——"1—— and (7.10)
CKit1 +Clit4
Y Y
TFP, = Yllz/lDlt = Yit/PitC with Pnc _ CKii1 PnK N CLii_, PitL (7.11)
CKit/Pit +CLit/Ht Cit/Ht Cit1 Ciia

In these equationﬁ’if represents the price index of value addefdtepresents the composite
price-index of all factor inputs, which is based on thegmdices for capital R’itK ) and for
labour (PitL ), and on the cost of capitaCK;;_; ) and of labour CL;;_; ) of the previous year.

The input- and output prices are not available at firm Ibuebnly on industry level. In that
sense, we assume that the average input- and output priceghdusiey level are
representative for any firm. So for any fiirm industryj we assum&,’ =Py, R =P

andRy =Py .

We define the national frontier as the average of (log) TFeldef all firms in the upper
guartile interval of industry:.

INTFRy, =235 [InTFF}t|InTFPn > Q75;InTFPnJ (7.12)

The distance to the national frontier then simply boils r¢av

In(A /AY )= InTFR, ~InTFR, (7.13)

For firms with INTFR, 2 INTFP, we putln(Ajt/A{“) equal to 0.
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Appendix C Endogeneity R&D and selection bias

Here, we investigate two issues related to R&D. The Bsie concerns the endogeneity of
R&D as discussed in section 3.2. The second issue refeogsaiatipl selection bias, which may
be due to the limited number of observations in the CISR&Md-survey, and to the fact that

only a small part of firms report that they innovate anddcohR&D.

Endogeneity of R&D

Table C.1 compares the baseline regression with other vatiattsay cope with the
endogeneity of R&D. The first variant (column 2 in table)Gslsimilar as the baseline
regression, but includes the two-year lagged R&D intensitlythe two year lagged interaction
terms between R&D and catch up to the global/national #onfthe second variant (column 3
in table C.1) is based on a 2SLS regression in which tieeyear lagged) R&D and interaction
terms are first estimated by all other explanatory variablessrsiinental variables.

The results of these two variants do not point to subatatifferences for the direct effect
and indirect effects of R&D, except that in the 2SLS variaategative direct effect becomes
significant?® So even if R&D is endogenously related to other variablesgamkity hardly
affects the outcome on the direct and indirect effect of R&D.

We applied a formal test to check for the endogeneity of R&Dalso for the endogeneity of
the interaction terms between R&D and catch up to global/nafi@maier. Obviously, if R&D
is endogenously then all the interaction terms with R&D brerendogenous as well.

Hausman showed that one can test the endogeneity of a @atdabhg the error term (or the
predicted value) from the 1V regression of that variable tarihin regression (see Cameron
and Trivedi, 2005). Significance of the error term in themmagression points to endogeneity
of that variable. So in the first step we regressed the 'fiR&D, an interaction terms between
R&D and catch up to global /national frontier on all otheedfatnants’® Then, in the second
step we added the residuals to the baseline equation. The oéshé#ssecond step (see column
4 in table C.1) reject the endogeneity of R&D and the interatgion with the global frontier,
but do point to endogeneity of the interaction term withriational frontier. Even though R&D
may not be endogenous, the distance to the national froritit still be endogenous.
Appendix E checks for the endogeneity of the distance to tienahfrontier>

= Surprisingly, adopting the two-year lagged R&D makes the indirect effects of human capital and competition via catch up
significant.

% .e. distance to the global frontier, distance to the national frontier, human capital, competition and all interaction terms of
human capital and competition with the distance to the global or national frontier.

% The F-test of these auxiliary IV regressions point in similar directions: the determinants in the auxiliary regressions cannot
significantly explain R&D and its interaction with the global frontier, but does significantly explain the interaction between
R&D and the distance to the national frontier.
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Table C.1 Endogeneity of R&D and check for selection bias®

Variant (1) baseline

Determinant (and expected effect)

Distance to global frontier (+) 0.167
(2.08)

Distance to national frontier (+) 0.557
(10.51)

R&D (+) —-0.100
(- 1.41)

R&D x distance to global frontier (+) —0.007
(—0.09)

R&D x distance to national frontier (+) 0.304
(4.04)

Human Capital (+) 0.058
(3.99)

Human Capital x distance global frontier (+) —0.004
(-0.20)

Human Capital x distance national frontier (+) - 0.086
(—5.68)

Competition (+) 0.010
(2.96)

Competition x distance global frontier (-or +)  —0.007
(-1.94)

Competition x distance national frontier (- or +) 0.007
(1.67)

IV-residual of R&D

IV-residual of R&D to dist. to global frontier

IV-residual of R&D x dist. to national frontier

Mill's lambda

R-squared 0.1225
Serial correlation2 0.005
Rho®

Number of (censored) observations 12255

Number of uncensored observations

Year dummies yes
Industry dummies (EUKLEMS branch level) yes
Estimation method LS

*

Kk

@

0.48
(3.57)
0.811
(8.24)

- 0.109

(- 1.14)

- 0.006

(- 0.06)
0.254
(2.44)
0.175
(7.33)

-0.108

(- 3.40)

-0.175

(- 6.37)

~0.002

(- 0.50)

-0.001

(- 0.12)
0.019
(2.95)

0.0975
-0.03

6450

yes
no
LS

Kk

Kk

*k

*kk

*kk

*kk

©)

0.272
(1.49)
0.363
(2.08)

-0.516

(- 1.93)

-0.130

(- 0.82)
1.377
(2.49)
0.099
(2.60)

~0.060

(- 1.32)

~0.057

(- 1.16)
0.006
(0.97)

~0.005

(-0.78)
0.010
(1.20)

0.0858

3097

yes
yes
2SLS

*k

*k

4)

0.298
(1.64)
0.339
(1.99) *

-0.179

(- 1.16)

-0.112

(-0.72)
0.947
(2.88) ***
0.086
(2.34) *

- 0.064

(- 1.42)

~0.046

(- 0.98)
0.005
(0.78)

- 0.004

(- 0.72)
0.011
(1.34)

-0.329

(- 1.48)
0.023
(0.10)

- 0.847

(- 2.39) *

0.1055

3097

yes
yes
Hausman

®)

0.168
(2.09)
0.560

(10.55)

-0.100

(- 1.41)

~0.007

(- 0.10)
0.304
(4.03)
0.059
(4.02)

~0.004

(-0.23)

-0.087

(-5.73)
0.010
(2.97)

~0.007

(- 1.95)
0.007
(1.67)

~0.002
(-0.23)

—0.00562
12255
136824

yes
yes

*kk

*kk

*kk

Heckman

1
Between brackets in variant (1) and (2) z-value (based on panel robust standard errors), and in variant (3) and (4) t-value; ***, ** or * indicates

significant at respectively 1%-level, 5%-level or 10%-level.

Estimated serial correlation of standard errors assuming that errors are correlated within firms.

3 _ . . . . .
First-stage regressions of (one year-lagged) R&D and interaction-terms with R&D are not presented here, but are available on request.

4

Regression of selection equation (in first stage) is not presented here, but is available on request.

5

l.e. correlation between errors of selection equation and errors of main equation.
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Selection bias

We apply Heckman'’s two-step procedure to test for the sefebias (see Cameron and
Trivedi, 2005). In the first step we regress a dummy wéredtfirm is included in the baseline
regression on the distance of that firm to the nationali#oahd the firm’s number of
employees? This regression provides Mill's lambda, which is iistbase theonditional
probability that the firm will be included in the baseline regressionthénsecond step, we
include Mill's lambda as an explanatory variable. Then, afsignt coefficient of Mill’s
lambda points to existence of selection Bfas.

The results of the Heckman procedure (column 5 in table Bo®jever, reject the existence
of selection bias. More precisely, the coefficient of Mildsnbda is non-significant. Further,
the estimated coefficients of all other determinants in the iHankegression are very similar
to the estimated coefficients in the baseline regression.

% Note that both explanatory variables are derived from the PS-data, and thus also for firms that are excluded in the
baseline regression.

32 Non-significance points to absence of selection bias.
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Appendix D Importance of export

Intuitively, one would expect that export-intensive firare more focussed on developments of
international markets, and thus would be more eager to leamthe global frontier than
export-extensive firms. The latter type of firms is mokelly to benefit from domestic
developments, and hence learn from the national frontier. TalhlprBsents the results for
firms with an export rate below the median (column 2),fandirms with an export rate above
the median (column 3},

The regression results for the separate groups hardly suppdnypothesis. In fact, firms with
a relatively high export rate mostly learn from the natiormitier and hardly from the global
frontier. Moreover, none of the interaction terms with thabgl frontier is significant. Both
findings underline one of the major conclusions of the rneihstressing the importance of the
national frontier. Some results are even counterintuitiven&iance the negative impact of
R&D of export-extensive firms on their learning from tglebal frontier. Apparently,
competition seems to play a more eminent role in improthiegoroductivity performance for

export-extensive firms than for export-intensive firms.

* |.e. the median of export rate for only those firms that are included in the (baseline) regression.
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Table D.1 Impact of export rate’

Variant 1) ) 3)
(baseline)

Determinant (and expected effect)

Distance to global frontier (+) 0.167 0.194 0.126
(2.08) * (1.84) (1.03)
Distance to national frontier (+) 0.557 0.569 0.551
(10.51) *** (4.91) *=* (8.98) ***
R&D (+) —-0.100 0.103 —-0.167
(-1.41) 0.77) (-1.93)
R&D x distance to global frontier (+) —0.007 —0.262 0.089
(—0.09) (—2.25) ** (0.93)
R&D x distance to national frontier (+) 0.304 0.378 0.276
(4.04) **=* (2.30) ** (3.15) ***
Human Capital (+) 0.058 0.041 0.065
(3.99) **=* (1.54) (3.54) ***
Human Capital x distance global frontier (+) —0.004 —0.007 —0.001
(- 0.20) (-0.27) (-0.02)
Human Capital x distance national frontier (+) —0.086 —0.094 —0.086
(—5.68) *** (—2.84) = (—4.88) ***
Competition (+) 0.010 0.011 0.007
(2.96) *** (2.26) ** (1.53)
Competition x distance global frontier (- or +) —0.007 —0.001 -0.011
(—1.94) (- 0.28) (-2.09) *
Competition x distance national frontier (- or +) 0.007 —0.003 0.017
(1.67) (- 0.47) (2.98) ***
R-squared 0.1225 0.1059 0.135
Serial correlation2 0.005 -0.011 0.011
Number of observations 12255 4384 7869
Sector All industries All industries All industries
Year dummies yes yes yes
Industry dummies (EUKLEMS branch level) yes yes yes
Estimation method LS LS LS
Estimation period 1996-2004 1996-2004 1996-2004

1 - — .

Between brackets z-value (based on panel robust standard errors); ***, ** or * indicates significant at respectively 1%-level, 5%-level or
10%-level.

Estimated serial correlation of standard errors assuming that errors are correlated within firms.
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Appendix E Tests for endogeneity national frontier

This appendix provides a Hausman test for the endogendtg ofational frontier. We apply a
similar procedure as in appendix C, except that here we aqideddiieted value from the IV
regression to the main regression (see Cameron and TrAg€). Then again, significance of

the predicted value in the main regression points to endogerfieftsit variable.

Table E.1 Check for endogeneity of the distance to the national frontier1

2

Variant (1) baseline 2)
Distance to global frontier 0.390 0.333
(2.90) **=* (2.07) *
Distance to national frontier 0.289 0.289
(23.73) **=* (23.73) *
R&D 0.146 0.146
(2.07) * (2.07) *
R&D x distance to global frontier —0.037 —0.039
(- 0.36) (-0.38)
Human Capital 0.048 0.048
(2.78) ** (2.76) **
Human Capital x distance to global frontier —0.066 —0.065
(—2.06) * (-2.03) *
Competition 0.011 0.011
(3.01) **=* (3.00) ***
Competition x distance to global frontier —0.007 —0.007
(- 1.51) (- 1.48)
Predicted distance to national frontier —0.588
(- 0.65)
R-squared 0.1112 0.1112
Number of observations 5981 5981
Sectors All industries All industries
Year dummies yes yes
Industry dummies (EUKLEMS branch level) yes yes
Estimation method oLS Hausman procedure
Estimation period 1996-2004 1996-2004

1
Between brackets t-value; ***, ** or * indicates significant at respectively 1%-level, 5%-level or 10%-level.
Regression of auxiliary equation (in first stage) is not presented here, but is available on request.

Following this procedure, we first regressed the distandeetoational frontier on the TFP-
level of the global frontier and on the distance to the glsbatier. Then, in the second step we
added the predicted distances to the national frontier valuegddrom this auxiliary
regression, but omitted the indirect effects related to the cgteh the national frontier.

The result of the main regression (see column (2) in tablepBitt to absence of the
endogeneity in the distance to the national frontier, as gdiqted value of distance up to the

national frontier is not significant.
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