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ABSTRACT
This paper uses data from the Community Innovation Survey for Belgium to evaluate to what
extent firms located in sectors and regions characterised by high employment concentration
innovate more. We analyse the innovative performance of Belgian firms and relate it to agglom-
eration measures, as well as to a number of control variables. Our findings show a positive impact
of localisation and urbanisation economies on firm-level innovation output, lending support to the
hypothesis that firms can benefit from their location within regions/sectors characterised by high
employment concentration. In an analysis of low, medium, and high-tech manufacturing and
service industries, localisation economies are shown to improve firms’ innovativeness only for
low-tech manufacturing and service sectors, while urbanisation externalities are shown to matter
more for high-tech service sectors. This suggests that localisation economies can be an important
source of competitiveness for low-tech sectors, while urbanisation economies improve innovative-
ness of high-tech service firms.

Key words: Product innovation, localisation economies, urbanisation economies, Community
Innovation Survey, Employment concentration, Agglomeration economies

INTRODUCTION

The liberalisation of markets, more outward-
looking development policies, and the attrac-
tiveness of regional economic integration
initiatives have all contributed to push out the
territorial boundaries of firms. The ease with
which firms can transfer tangible and especially
intangible assets across borders is being con-
strained by the fact that the location of the
creative activities and use of these assets is
becoming increasingly influenced by the pres-
ence of immobile clusters of complementary
value-added activities. Thus, while globalisation

suggests that the location and ownership of
production is becoming geographically more
dispersed, other economic forces are stimu-
lating a more pronounced geographical con-
centration of economic activity both within
particular regions and countries (Dunning
1998). Rather than leading to the disappear-
ance of location-bound advantages, globalisa-
tion is actually leading to the emergence of new
forms of agglomeration based around innova-
tion (Storper 1997).

While the observation that firms tend to
cluster in particular regions is hardly novel
(Marshall 1890), it has recently been taken up
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to explain the stickiness of certain locations
in an increasingly slippery world (Markusen
1996). These theories suggest that firms may be
drawn to the same locations because proximity
generates positive externalities or agglomera-
tion effects (Markusen 1994). Economists have
proposed agglomeration effects in the form
of both static (pecuniary) and dynamic (tech-
nological) externalities to explain industry
localisation (Baptista 1998). Increasingly, the
analysis of geographically clustered firms has
tended to shift towards the study of predo-
minantly untraded exchanges of knowledge
and ideas (Storper 1995; Maskell 2001). Firms
secure competitive advantages by gaining rapid
access to knowledge concerning the innova-
tions, techniques and strategies of competing
firms (Henry & Pinch 2006). For these reasons,
location may enhance the generation of inno-
vation and yield higher rates of technological
advance (Krugman 1991).

This paper intends to add to this strand of
research by analysing the innovation pro-
pensity of firms in Belgium. We distinguish
between localisation economies, which are
specific to particular sectors within a specific
region and urbanisation economies, which
benefit all firms within a specific region
(Feldman 1994; Steiner 1998; Swann et al. 1998;
Johansson & Forslund 2008; McCann 2008).
It thereby specifically investigates to what
extent agglomeration economies, as measured
by the relative employment concentration in
various sectors and/or regions, act as drivers
of innovation.

The current analysis is most closely related
to that of Baptista and Swan (1998) and
Beaudry and Breschi (2003), who use data on
the United Kingdom and Italy respectively to
empirically investigate the impact of agglom-
eration economies on firms’ innovative output.
However, the present analysis differs from the
previous two papers in a number of important
respects.

First, while both Baptista and Swan (1998)
and Beaudry and Breschi (2003) use patent
data to measure innovative output, the
present analysis uses two alternative measures
of innovative output, specifically a binary
variable – product innovation – indicating
whether firms have introduced product
innovations or not, and a censored variable –

product renewal – measuring the percentage
of newly innovated products in turnover.
Product renewal adds to the richness of the
analysis as it specifically determines the impor-
tance of newly created products in a firm’s
turnover. Using innovative output rather
than patent data avoids potential misalloca-
tion issues.1 Moreover, firms’ innovativeness is
not always a linearly increasing function of the
number of patents it owns, since not every
patent generates equal economic value. As
such, a more direct measure of innovative
output, as will be applied in the empirical
analysis here, should be preferred.

Second, Baptista and Swan (1998) and
Beaudry and Breschi (2003) apply their analy-
sis to manufacturing firms only. The richness
of the database employed here allows us to
present results for both manufacturing and
service sectors. Taking into account that
services account for the majority of economic
activity in Belgium, this is clearly relevant.
More importantly, the data allow investigating
potential differences between high-, medium-
and low-tech manufacturing and service
sectors. This is important for several reasons.
First, data indicate that low-tech industries still
provide a substantial contribution to most
high-wage countries that continue to rely on
(medium) low-tech service and manufacturing
industries for their creation of jobs and value
added (Kaloudis et al. 2005; Hansen & Winther
2011). As such, the paper examines the im-
portance of innovation in low-tech industries
as compared to high-tech industries and
contrasts this with the strong emphasis on
research-intensive industries in (European)
policy-making.

In sum, this study aims to provide insights
into the role of agglomeration economies
in firms’ product innovation and renewal. We
consider firms in both low-tech and high-tech
sectors and try to determine the role of locali-
sation and urbanisation economies in their
propensity to innovate. The following section
2 discusses the relevant literature and draws
hypotheses, while the third section deals with
the data description. The fourth section
describes the empirical model and metho-
dology. Finally the results are discussed in
section 5 and some conclusions are drawn in
section 6.
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LITERATURE REVIEW AND HYPOTHESES

There is a long tradition in industrial location
theory and regional economics of theorising
about why new industries emerge in particular
places and why, once these places have experi-
enced take off, further expansion of the sector
is likely to be drawn to the original or neigh-
bouring sites. The benefits that lead to cluster-
ing can be divided into demand and supply
side (Swan 1993). On the demand side, firms
may cluster to take advantage of strong local
demand, particularly that deriving from related
industries (Baptista & Swan 1998). On the
supply side, the main sources of location exter-
nalities can be traced back to Marshall (1890).
It was by observing industry localisation that he
derived the concept of external economies.
The external effects of agglomeration consist
of various types of benefits and cost savings,
obtained outside the market that may lead to
increased productivity of a firm. In Marshall’s
seminal analysis of industrial organisation, the
three fundamental reasons for geographical
concentration or spatial clustering of produc-
tion were identified as the existence of a pooled
market for workers with specialised skills; the
provision of specialised inputs from suppliers
and service providers; and the relatively rapid
flow of business-related knowledge between
firms, which result in what are now called tech-
nological spillovers (Asheim 2000).

The most frequently mentioned advantage is
labour market pooling (Baptista & Swan 1998).
Geographical concentration of firms in the
same or closely related industries creates a
deep and diversified pool of workers, sufficient
to realise a more specialised local division
of labour. A second advantage has to do with
the provision of related inputs. Location in
an industrial centre allows for the provision of
traded and non-traded inputs specific to an
industry in a greater variety and at a lower cost.

These agglomeration economies are said to
occur when the unit costs of production of a
firm are lower in the context of relatively dense
agglomerations of other firms or specialised
resources, such as skilled labour or infrastruc-
ture, than would be the case if the typical busi-
ness were located elsewhere. Krugman (1991)
recapitulates earlier work in offering as sources
of agglomeration economies: a local concentra-

tion of customers (or downstream firms) suffi-
cient to permit suppliers to achieve econ-
omies of scale in production or distribution;
great enough for local firms to amass sufficient
demand to warrant the provision (usually by or
via local governments) of specialised infrastruc-
ture, and large enough to attract a deep and
diversified pool of workers sufficient to realise a
more specialised local division of labour.

The third externality of agglomeration
economies refers to the heightened prospect
for technological learning to occur (not simply
reductions in unit costs of production with a
given technology) in relatively concentrated
clusters compared with less dense locations.
Studies on geographic location and economic
performance have shown that economic and
technological activities have a strong tendency
to agglomerate at certain locations, giving rise
to patterns of national and regional specialisa-
tion; and, that the performance and the growth
of firms depend to a large extent on the condi-
tions of the environment in which they operate,
and particularly on those in the immediate
proximity (Malmberg et al. 1996).

It has been argued that the transmission of
technological knowledge works better within
spatial boundaries (Jaffe 1986; Jaffe et al. 1993).
To the extent that differences in innovative
behaviour among firms are in part attributable
to properties of the local economies of which
they are a part, most contemporary urban
economic and geographic theory treats such
dynamic growth processes in terms of the local
production and diffusion of information rel-
evant to the firm’s decision to adopt (take up) a
technology, and of the organisational capacity
of that firm to make use of such information.

All of these factors are covered by the notion
of agglomeration, which suggests that the sticki-
ness of a place resides not in the individual
firms or workers, but in the external economies
available to each firm from its spatial conjunc-
tion with other firms and suppliers of services
at a particular location. The contemporary lite-
rature thereby distinguishes between localisa-
tion economies and urbanisation economies
(Feldman 1994, 1999; Steiner 1998; Swann et al.
1998; Johansson & Forslund 2008; McCann
2008; Knoben 2009). Localisation economies
refer to the effects that are produced by having
many firms from the same industry in a single
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area, whereas urbanisation economies refer to
the effects of having firms from different indus-
tries in the area (Johansson & Forslund 2008).

As testable hypotheses, it follows that firms in
agglomerations with more sectoral concentra-
tion will demonstrate more innovation than
firms in sectors with less concentration; and/or
that regions with larger size and diversity ought
to, ceteris paribus, enjoy higher innovation
rates than regions with a smaller and more
homogenous population of firms.

Hypothesis 1a. Firms in sectors with higher
localisation economies will have more product
innovation and renewal, ceteris paribus, than
firms in sectors with lower localisation economies.

Hypothesis 1b. Firms in regions with higher
urbanisation economies will have more pro-
duct innovation and renewal, ceteris paribus,
than firms in regions with lower urbanisation
economies.

There is a widespread belief that high-tech
industries are primarily the growing and thriv-
ing industries of tomorrow for high-income
economies (Coad & Rao 2008; Johnson et al.
2010). The dominant view is that such high-
tech industries hold the key to the future,
whereas the low- and medium-tech sectors
are usually regarded as based on low levels of
knowledge and without any real future in many
industrialised economies. Low-tech industries
are sometimes even called sunset industries,
indicating that these industries are seen as
declining and relocating to emerging econ-
omies, and eventually perhaps even vanishing
from Western countries (Christensen 2010). In
a similar vein, only the high-tech sectors sup-
posedly offer prospects for development, and
therefore it makes sense that research should
focus on these sectors and that policy-makers
should favour them (European Commission
2008).

Innovative industrial sectors have therefore
almost invariably been inferred as those activi-
ties whose sectoral specialisation is in high-tech
industries. Several studies have made industry
comparisons and have found a high degree of
spatial clustering in particular industries that
face high technological opportunity (Feldman
1999). Audretsch and Feldman (1996) find a
direct relationship between the propensity for

industries to concentrate geographically and
the knowledge intensity of the industry’s activ-
ity. Similarly, Henderson (1994) finds that
both localisation and urbanisation effects are
most important for high-tech industries.
However, Alecke et al. (2006) find no general
relationship between agglomeration and high-
technology related business among German
manufacturing industries which implies that
simply being high-tech does not make an indus-
try agglomerate, nor realise greater innovative
productivity.

Furthermore, in spite of this widespread
focus on high-tech industries, high-tech manu-
facturing as well as high-tech services only
provide a marginal contribution to Western
economies (Kaloudis et al. 2005; Von Tunzel-
mann & Acha 2005; Hirsch-Kreinsen 2008a,
2008b). Quantitatively between 90 per cent
and 97 per cent of GDP is accounted for by low-
and medium-tech sectors in Western European
countries (Kaloudis et al. 2005; Hirsch-
Kreinsen et al. 2005). Despite a perception of
the opposite, the relative share of high-tech
industries has only increased marginally. In
Belgium too, the high-tech manufacturing and
service industries together provide approxi-
mately five per cent of total employment or net
value added (De Beule & Van Beveren 2009).

There is a small yet growing body of litera-
ture that criticises the overemphasis that both
economic analyses and policies often put on
high-tech industries (Hirsch-Kreinsen 2008b;
Christensen 2010; Hansen & Winther 2011).
The generation, diffusion and utilisation of
knowledge has become a core characteristic of
firms and economic activity as a whole. Not only
high-tech but also traditional sectors have
undergone change (Christensen 2010). The
result is that many mature, low-tech, allegedly
threatened industries are not only still located
in their industrialised home countries; they
continue to contribute the lion’s share of
employment and value-added (De Beule & Van
Beveren 2009).

The puzzle of how (medium) low-tech firms
remain competitive in high-wage countries has
increasingly been studied on a number of occa-
sions (Hirsch-Kreinsen et al. 2005; Radauer &
Streicher 2007; Kirner et al. 2009; Santamaria
et al. 2009; Hansen 2010). Following the work
of Maskell (1998), their aim is to explore how
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high-cost countries are able to compete in rela-
tively low-tech sectors. One of the primary
explanations for the sustained competitiveness
put forward is agglomeration.

Besides, spatial concentration of industries
is a far more common pattern for traditional
industries than for high-tech industries
(Krugman 1991). Industrial or service agglom-
erations can exist without being particularly
based on high-technology (Asheim et al. 2006).
Moreover, the literature demonstrates that
innovations are not confined to firms in high-
tech industries (Von Tunzelmann & Acha
2005; Hirsch-Kreinsen 2008a, 2008b). Rather,
firms in low-tech industries often rely on inno-
vations, not only in the form of new processes
but also by developing new products (Chris-
tensen 2010).

Furthermore, it is important to identify
whether there are significant differences for
localisation and urbanisation economies in the
innovative performance between firms in
manufacturing and services. The study of inno-
vation in the service sector is relatively recent
and clearly underrepresented (Drejer 2004;
Miles 2005; Pires et al. 2008). This relative
neglect is striking given that the service sector
plays a fundamental role in the creation of jobs
as well as innovation being a key source of
improved output performance of service indus-
tries (Van Ark et al. 2003).

If local industry agglomeration increases
innovation by providing industry specific
complementary assets and activities that may
either lower the cost of suppliers to the firm
or create greater specialisation in input and
output markets, one would expect that manu-
facturing industries would be more likely to
realise greater innovative productivity as a
result of localisation economies. Similarly,
service industries are more likely to benefit
from urbanisation economies because they rely
more on the diversity of input alternatives and
on customer diversity rather than on specific
vertical and horizontal externalities (Johansson
& Forslund 2008).

However, research has shown that in spite of
the significant differences that exist between
manufacturing and service industries, both
product and process innovation has a positive
impact on either industry’s labour productivity
(Robin & Mairesse 2008). R&D intensity is

thereby shown to always have a positive
impact on the probability to perform product
innovation, although the marginal effect on the
propensity to do so is much higher in manufac-
turing than in services. Research also indicates
that, although there are differences in the inno-
vation process between service and manufac-
turing firms, the overall effects are not so
different and supports an integrative approach
to manufacturing and service innovation
(Gallouj 2002; Pires et al. 2008).

Hypothesis 2a. Firms in low-tech manufac-
turing and/or service sectors will benefit from
localisation and/or urbanisation economies in
their product innovation and renewal, ceteris
paribus.

Hypothesis 2b. Firms in high-tech manufac-
turing and/or service sectors will benefit from
localisation and/or urbanisation economies in
their product innovation and renewal, ceteris
paribus.

DATA

This paper combines data from several data
sources. First, we rely on detailed Belgian
employment data by region and sector, pro-
vided by the National Social Security Office
(NSSO 2009).2 These data will be used to
calculate two agglomeration measures, repre-
senting the potential for localisation and
urbanisation economies. We combine this data
set with firm-level data from the Community
Innovation Survey (CIS) for Belgium, obtained
from BELSPO (2006).3 The CIS data provide
information on firms’ innovative behaviour, as
well as on a number of other firm characteris-
tics, such as foreign ownership, firm size and
sector of activity. Finally, we use the Belfirst
database (BVDEP 2006), to obtain detailed
information on firms’ location4 and on the age
of the firm. Our final data set combines infor-
mation on firm-level innovative output, R&D
activities and other firm-level characteristics
with data on employment concentration,
defined at the level of each NUTS 2 region and
NACE 2-digit sector.5

To measure the potential for localisation
economies, we calculate a relative specialisa-
tion measure which compares employment
concentration in a particular NUTS 2 region
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and NACE 2-digit sector to the employment
concentration of the sector in total employ-
ment across all sectors in Belgium. Although
many measures have been used, this measure
has commonly been used in the literature (see
for instance, Mukkala 2004; Beaudry & Schif-
fauerova 2009). Formally, our measure of
localisation economies is defined as follows:

Localisation
Emp Emp
Emp Emp

jr
jr r

j

= , (1)

where Emp refers to employment, r to a NUTS 2
region and j to a particular two-digit NACE
sector.

Intuitively, our localisation variable measures
– for a particular sector and region – to what
extent it has been able to attract more workers
(and firms) compared to other Belgian

regions. High own-industry employment con-
centration thus acts as a proxy for the potential
for intra-industry spillovers and linkages (locali-
sation economies). We will include this con-
tinuous measure of employment concentration
in our empirical analysis.

To measure the potential for urbanisation
economies, there is an even greater variety of
proxies. Total employment in the region or
total population in the region is often used
as a proxy for measuring regional diversity
(Beaudry & Schiffauerova 2009). We therefore
calculate employment concentration in each
of the 11 regions considered in the analysis
(see Figure 1). Specifically, our measure of
urbanisation economies is defined as follows:

Urbanisation
Emp
Emp

r
r= (2)

  No of employees 
Under 70 194
Between 70 194 and 171 741 
Between 171 742 and 248 846 
Over 248 846

Figure 1. Employment concentrations for 11 NUTS 2 regions in Belgium.
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To subsequently identify the impact of own-
sector employment concentration on firms’
innovative performance, we merge the employ-
ment concentration data with firm-level data
on innovation and other variables included in
the Community Innovation Survey database
for Belgium (CIS4), obtained from BELSPO
(2006). The survey collects information on
innovations at the firm level for the period
2002–2004. Apart from innovation-related
information, the survey also records detailed
information on employment, turnover, owner-
ship and exports of the firm. Although the CIS4
questionnaire pertains to the years 2002–2004,
quantitative data are only available for 2004.
Hence, the data are cross-sectional in nature.

The CIS data are available for 3,322 firms.6

The data were checked for outliers, which were
omitted, as were firms that had missing infor-
mation on some of the key variables. Hence,
the final sample consists of 3,205 firms. The
questionnaire contains detailed information
on firms’ innovation activities. Apart from R&D
expenditures, which are reported for 2004; the
data set contains information on whether firms
have introduced product and/or process inno-
vations during 2002–2004 as well as on the
share of turnover that is accounted for by the
introduction of new products in 2004 (either
new to the market or new to the firm).

While research spending of firms can be con-
sidered a reasonable proxy of firm-level innova-
tive output in the absence of information on
the actual innovations firms have introduced,
there are several drawbacks associated with the
use of R&D spending, which is essentially an
input in the innovation production function
(see for instance Mairesse & Mohnen 2002), as
a measure of firm-level innovation. First, not all
innovation efforts actually lead to the introduc-
tion of product or process innovations, i.e. it is
possible that firms’ efforts to innovate fail for
some reason, in which case using R&D rather
than actual innovations leads to an overestima-
tion of firms’ innovative activities. Second, it is
not unlikely that there is a considerable time
lag between firms’ investment in R&D and the
actual introduction of an innovation to the
market, in which case the timing of the R&D
and innovation decisions do not match, leading
to an overestimation of innovation in some
years and an underestimation in later years,

when the level of R&D spending is lower and
innovative output is higher.

Similarly, the use of patent data (which can
be considered as a true innovation output
measure) has been criticised in recent years
(see for instance, Smith 2005), primarily
because not all inventions are patented, patents
can differ greatly in their economic impact and
the propensity to patent is highly variable
across industries and also across firm sizes.

The drawbacks associated with the use of
more traditional innovation measures (R&D
and patents) has led to an increasing reliance
on other firm-level innovation measures in
empirical work in recent years. While some of
these works use other data sources than the CIS
data (e.g. Baptista & Swan 1998; Caldera 2010;
Cassiman et al. 2010), many recent papers using
European data use the CIS data, examples
include Cassiman and Veugelers (2002),
Damijan et al. (2008), Criscuolo et al. (2010)
and Van Beveren and Vandenbussche (2010).

In spite of the advantages associated with the
use of direct innovation output measures, such
as the share of new products in firm turnover,
rather than input measures like R&D intensity
or indirect measures like patents; it should be
noted that the CIS data are collected using a
survey and are thus potentially subject to
self-perception of the firm (Smith 2005). To
address some of these concerns, recent litera-
ture has compared different measures of inno-
vation, based on ‘objective’ (e.g. patent) and
‘subjective’ (e.g. product innovation dummy in
the CIS data) measures. For instance, recent
evidence provided by Mairesse and Mohnen
(2002) suggests that ‘subjective’ product inno-
vation measures (in the CIS data) seem to
behave comparable in empirical analyses to
more objective measures of innovation, such as
the propensity to hold a patent.

Moreover, Haagedoorn and Cloodt (2003)
conclude (for an international sample of 1,200
high-technology firms) that there is a very large
statistical overlap between the four indicators
they consider (R&D inputs, patent counts,
patent citations and new product announce-
ments), such that in their opinion future
research can essentially use any of these indica-
tors individually to measure the innovative
performance of firms. While Haagedoorn and
Cloodt (2003) do not explicitly consider the
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CIS-based product innovation measures, but
rely on literature-based innovation output
(LBIO) data, Van der Panne (2007) shows that
product innovation data based on LBIO data
and on the CIS data yield similar results in
terms of the distribution of innovators in terms
of firms size, distribution across industries and
degree of innovativeness.

EMPIRICAL MODEL

To gain further insights into the relationship
between agglomeration economies and the
innovative behaviour of firms, we estimate an
empirical model using two different dependent
variables: (1) firm-level product innovation, a
dummy variable indicating whether the firm
has introduced a product innovation between
2002 and 2004; and (2) product renewal,
defined as the share of new products in turn-
over. The data are cross-sectional in nature and
pertain to the year 2004.

To formally test to what extent agglomera-
tion economies have a positive influence on
firm-level product innovation and renewal
(Hypotheses 1a and 1b), we include a localisa-
tion variable, defined in the previous section as
relative employment concentration in each
two-digit NACE sector and NUTS 2 region; and
an urbanisation measure, defined in Equa-
tions (1) and (2).

Our basic estimation framework relies on the
model of Mairesse and Mohnen (2002), who
view firm-level innovative output as a function
of its innovative inputs (R&D effort) as well
as a number of other determinants. Mairesse
and Mohnen (2002) apply their framework to
micro-aggregated data for seven EU countries
from the first Community Innovation Survey
(CIS). Their results suggest that differences in
innovative inputs (R&D activities) account for a
sizeable share of the differences in innova-
tive output. Similarly, Criscuolo et al. (2010)
compare innovation processes to traditional
production processes and relate innovative
output to innovative inputs in what they call an
‘innovation production function’. Their results
suggest a significantly positive impact of firm-
level innovative effort on its product innovation
and product renewal behaviour.

Moreover, as argued by Tallman et al. (2004),
investment in R&D activities additionally acts as

a firm-level measure of absorptive capacity,
since it (indirectly) facilitates knowledge trans-
fers from other firms. We therefore expect a
positive impact of firm-level R&D intensity on
its propensity to introduce a product innova-
tion and on its product renewal. To account for
firms’ innovative effort in our framework, we
include firm-level R&D-intensity, defined as
total internal R&D efforts over sales in 2004, as
an independent variable in the model.

Access to finance, particularly in the context
of uncertain innovation outcomes, may also
affect firms’ ability to innovate, and particularly
the commercialisation of their innovations as
measured by their innovative sales intensity
(see for instance, Aharonson et al. 2008). We
therefore include a funding dummy in the
empirical model, indicating whether the firm
had acquired innovation subsidies from
regional, national or EU authorities.

Apart from these R&D-related input mea-
sures, we include firm size and firm age as
additional control variable in the regressions.
Moreover, following the recent literature
investigating the relationship between firm-
level exports and innovation (see for instance
Damijan et al. 2008), our model additionally
includes firm-level export intensity as a control
variable. One of the main issues raised in this
literature is the question of causality: does
exporting drive firm-level innovative effort
(R&D) and/or output (product and pro-
cess innovation) or does innovation drive
exporting?

While results from this literature tend to be
mixed and sensitive to the data and empirical
specifications used, results by Damijan et al.
(2008) suggest that after accounting for
potential endogeneity of firm-level export and
innovation decisions, the causality seems
to run from exporting to innovation and not
vice versa. Moreover, results of Van Beveren
and Vandenbussche (2010), specifically for
Belgium and using the same data used in the
present paper, similarly suggest that the causal-
ity runs from exporting to innovation, once
endogeneity issues are taken into account.

Finally, the empirical model includes a
dummy variable controlling for the ownership
status of the firm. The inclusion of this variable
in the model is driven both by the specifics of
the Belgian data and the available empirical
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literature. Belgium is a small open economy,
characterised by a relatively high depen-
dence on foreign subsidiaries of multinational
firms, both in terms of employment and output
generation (see for instance, De Beule & Van
Beveren 2009) and innovation (Teirlinck
2005). Specifically, in our sample, foreign firms
account for over a quarter of all firms (26%), 43
per cent of total employment generated in
2004 and 54 per cent of total turnover. In terms
of innovative effort and output, foreign firms
account for about 52 per cent of total R&D
spending in the sample and 67 per cent of total
turnover attributed to new products (product
renewal).

Moreover, results by Castellani and Zanfei
(2006) and Criscuolo et al. (2010) who inves-
tigate the relationship between the global
engagement status of the firm and its innova-
tive output using CIS data for Italy and the UK
respectively, suggest that the foreign ownership
status of the firm is positively related to its pro-
pensity to innovate, as well as to its product
renewal (measured as the share of new prod-
ucts in sales). In summary, our full empirical
model looks as follows:

Inn Localisation Urbanisation
RD Funding

i jr r

i i

= + +
+ + +

α α α
α α

0 1 2

3 4 αα α
α α

5 6

7 8

Export Foreign
Emp Age u

i i

i i i

+
+ + +ln( ) ln( ) (3)

Where: i refers to firms, j to NACE 2d sectors
and r to NUTS 2 regions; Inni is the firm-
level innovation measure, defined as pro-
duct innovation (dummy), or the share of
new products in turnover (censored variable);
Localisationjr is the Localisation measure,
defined in Equation (1); Urbanisationr is
the Urbanisation measure, defined in
Equation (2); RDi is the R&D-intensity of
the firm, measured as total internal R&D
expenditures relative to firm turnover; Fundingi

is the funding dummy, equal to one if the firm
has acquired funding from regional, national
or EU authorities; Exporti is the firm-level export
intensity, defined as the share of exports in
total turnover; Foreigni is the foreign ownership
dummy, equal to one if the head office of the
group is located outside of Belgium; Empi is the
employment of the firm, measured in full-time
equivalents; and Agei is the age of the firm,
calculated using year of incorporation.

Estimation of (3) is achieved by using a dif-
ferent methodology that depends on the inno-
vation measure used. Product innovation is an
indicator variable, hence a logit model is esti-
mated. The share of new products in turnover
is limited below by zero and above by one,
which is why a tobit model is used.

EMPIRICAL RESULTS

Table 1 reports the mean of the variables used
in the empirical analysis below, by sector
of activity. Sectors are defined using the
Eurostat, technology and knowledge-intensity
classification (see Eurostat 2008). The first
row of Table 1 reports the number of obser-
vations in each sector, highlighting the fact
that the majority of firms are active in low-
or medium-low technology manufacturing
and low knowledge-intensive service sectors.
Not surprisingly, firms in high-tech or high
knowledge-intensive sectors tend to spend
more on R&D as a percentage of sales, to
innovate more and to have a higher degree
of product renewal (on average). Low-tech
and low knowledge-intensive firms are also
smaller and somewhat older (on average) than
high-tech and high knowledge-intensive firms.
High-tech and high knowledge-intensive firms
are characterised by a higher export intensity,
a higher degree of foreign ownership and a
higher likelihood to attract funding for their
innovation activities.

Finally, (medium) low-tech manufacturing
firms are located in regions characterised by
higher average relative own-sector employment
concentration compared to (medium) high-
tech manufacturing firms. High knowledge-
intensive services firms on the other hand
seem to be located in regions characterised by
higher average relative own-sector employment
concentration compared to low knowledge-
intensive services sectors.

The results of estimating (3) for the full
sample of firms are given in Tables 2 and 3.
Table 2 presents results for the product inno-
vation variable, indicating whether or not the
firm has carried out a product innovation
during 2002–2004; while Table 3 summarises
results for product renewal defined as the share
of new products in turnover of the firm in 2004.
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Reported values are marginal effects, t-values
are given between brackets.

Apart from the dependent variables and
methodology used (logit versus tobit), the two
models summarised in Tables 2 and 3 are iden-
tical. We will therefore discuss the results simul-
taneously, focusing on their similarities and
differences. We will discuss the results for the
full sample of firms first (reported in the first
column of Tables 2 and 3).

Turning to the results on the agglomeration
variables, the results in Tables 2 and 3 suggest
that firms can benefit from positive agglomera-
tion economies to increase their innovative per-
formance, as was hypothesised in Hypothesis
1a and 1b. Results in both tables suggest that
both agglomeration variables (Localisationi and
Urbanisationi) have a positive and significant
effect on firms’ propensity to innovate and on
their innovation intensity (product renewal)
for the full sample of firms (first column).
These results suggest that firms are able to
benefit from the proximity of both own-sector
and other-sector firms in their region to boost
their innovative performance.

As expected, firm-level innovative effort,
measured as the firm’s R&D intensity, seems to

act as a significant driver of both firms’ propen-
sity to innovate and their innovation intensity.
This result is also in line with results reported
in the empirical literature; see for instance,
Duguet (2006), Griffith et al. (2006) and
Criscuolo et al. (2010). Firm size, defined as the
logarithm of firm-level employment, similarly
has a positive and significant effect on firms’
propensity to innovate and on its innovation
intensity. Firm age does not seem to act as
a significant driver of firm-level innovative
performance.

Results for the other control variables
reported in Tables 2 and 3 are largely as
expected. Export intensity and foreign owner-
ship both have a positive and significant impact
on firm-level innovative output. Firm-level
funding further seems to act as a significant
driver of firms’ innovative performance.

As was noted in the second section, there is a
widespread belief that agglomeration benefits
apply mainly to high-tech industries. However,
as the literature review indicates, evidence on
the relationship between agglomeration effects
and innovation tends to be mixed. Moreover,
specifically for the Belgian and more generally
for most European countries, high-technology

Table 1. Summary statistics by sector of activity.

Variables Manufacturing Services Other
sectors

Low-
tech

Medium
low-tech

Medium
high-tech

High-
tech

Low
knowledge-

intensive

High
knowledge-

intensive

Number of observations 558 361 209 65 1,478 156 378
Product innovation dummy 0.33 0.35 0.55 0.71 0.20 0.54 0.27
Product renewal 0.06 0.07 0.16 0.21 0.05 0.15 0.05
R&D intensity 0.01 0.01 0.02 0.05 0.01 0.10 0.01
Localisation economies 1.38 1.34 1.23 1.13 1.13 1.33 1.21
Urbanisation economies 0.11 0.10 0.11 0.11 0.13 0.13 0.11
Employment 90 211 246 273 133 200 181
Age 27 27 26 24 24 15 28
Export dummy 0.30 0.38 0.49 0.44 0.14 0.19 0.24
Foreign ownership dummy 0.16 0.29 0.36 0.28 0.28 0.35 0.26
Funding dummy 0.15 0.17 0.22 0.40 0.05 0.29 0.15

Notes : Values reported are sample means (expect when the number of observations is reported). Sectors are
defined according to the Eurostat sector classification according to technology and knowledge intensity.
Product renewal is the share of turnover that is due to new products. R&D intensity is measured as total R&D
over sales ratio. For the definitions of the localisation and urbanisation measures we refer to the text
(Equations (1) and (2)). The funding dummy indicates whether the firm has received funding from regional,
national or EU sources.
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sectors tend to be relatively small and have a
minor contribution to overall employment and
output generation (De Beule & Van Beveren
2009; Hansen & Winther 2011).

Our data set allows us to investigate to
what extent heterogeneity exists across sectors
in terms of the ability of firms to benefit
from agglomeration economies. Results of the
empirical model, estimated separately for low/
high-technology manufacturing and low/high
knowledge-intensive services sectors, are also
reported in Tables 2 and 3.

Several interesting results emerge from
this sector-specific analysis. First, R&D-intensity
does not act as a significant determinant of
firm-level innovative output in all sectors,
although the results are understandably better
for product renewal. It does not necessarily
take a huge R&D effort to introduce one new

product, but renewing your product port-
folio clearly does. In particular, the marginal
effect for research intensity is insignificant for
medium and low technology manufacturing
sectors when product innovation is the depen-
dent variable; while it is significant for all
sectors when innovative sales intensity is the
dependent variable. Second, results on the
agglomeration variables suggest that only firms
that are active in low technology manufac-
turing and in low knowledge-intensive service
sectors (for product innovation, not for
product renewal) are able to benefit from posi-
tive localisation economies for their innovative
performance. Hence, these results lend partial
support to Hypothesis 2a, as firms in low tech-
nology sectors experience positive localisation
economies fostering their innovative output.
High knowledge-intensive service firms on the

Table 2. Logit regression results: product innovation dummy.

Independent
variables

All Manufacturing Services

Low-
tech

Medium
low-tech

Medium
high-tech

High-
tech

Low
knowledge-

intensive

High
knowledge-

intensive

Internal R&D/
sales

2.173* 11.731** 14.866** 11.531*** 0.724 1.130 0.293
(1.694) (2.090) (2.472) (3.971) (0.657) (1.054) (1.018)

ln(employment) 0.059*** 0.129*** 0.115*** 0.048 0.004 0.029*** 0.071*
(7.464) (5.620) (3.741) (1.504) (0.610) (3.368) (1.667)

ln(age) -0.014 -0.030 -0.002 -0.012 -0.003 0.010 -0.036
(-1.156) (-0.904) (-0.043) (-0.257) (-0.418) (0.700) (-0.542)

Localisation
economies

0.022** 0.044** -0.05 0.03 -0.001 0.039** -0.056
(1.978) (2.011) (-1.085) (0.670) (-0.303) (2.078) (-0.827)

Urbanisation
economies

0.387** 0.504 0.165 -0.404 -0.026 0.176 2.093**
(2.035) (0.887) (0.200) (-0.528) (-0.416) (0.840) (2.219)

Export intensity 0.228*** 0.162** 0.175** 0.055 0.001 0.099*** 0.421**
(8.691) (2.288) (2.024) (0.533) (0.090) (2.772) (2.297)

Foreign ownership
dummy

0.053** -0.004 -0.006 0.087 0.004 0.094*** -0.362***
(2.231) (-0.058) (-0.076) (1.122) (0.549) (3.395) (-3.787)

Funding dummy 0.436*** 0.382*** 0.417*** 0.259*** -0.006 0.423*** 0.263***
(14.450) (5.795) (5.105) (2.901) (-0.487) (6.437) (2.651)

Number of
observations

3205 558 361 209 65 1478 156

Pseudo R-square 0.192 0.239 0.270 0.296 0.412 0.113 0.201

Notes : The dependent variable is a dummy, indicating whether the firm has introduced a product innovation (new
to the firm or new to the market) between 2002 and 2004. The model is estimated using a logit estimator. Values are
marginal effects (t-values), evaluated at the mean of the independent variables and referring to the impact on the
probability to innovate. For dummy variables, marginal effects refer to a discrete change from 0 to 1. Significance
levels: *** p < 0.01, ** p < 0.05, * p < 0.10. Sectors are defined according to the Eurostat sector classification
according to technology and knowledge intensity. For the definitions of the localisation and urbanisation measures
we refer to the text (Equations (1) and (2)).
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other hand, seem to benefit more from urbani-
sation economies in their region to boost
their innovative performance, lending partial
support to Hypothesis 2b.

Finally, foreign ownership is not significantly
related to firm-level innovative output in manu-
facturing, while it is positively and significantly
related to innovative output in low knowledge-
intensive services and negatively and signifi-
cantly related to innovative output in high
knowledge-intensive sectors. This suggests
that foreign subsidiaries in high knowledge-
intensive service sectors have been set up as
listening posts for the benefit of the corporate
parent, while subsidiaries in low knowledge-
intensive services contribute significantly to the
development of new and innovative services.
Export intensity is clearly conducive to innova-
tion for (medium) low-tech manufacturing and

low knowledge-intensive service sectors, while
insignificant for the high-tech manufacturing
and high knowledge-intensive services sector.
Funding is significantly positively related to
firm-level innovative performance in all sectors,
except the high-technology manufacturing
sector, where the effect is insignificant.

CONCLUSION

Although innovation is clearly the result of a
firm’s development efforts – as R&D intensity is
shown to be the single most important determi-
nant of firm innovativeness – knowledge exter-
nalities from outside the firm can play a crucial
role (Johansson & Forslund 2008). The current
analysis for Belgian firms has shown that
agglomeration can be an important catalyst in
the innovation process of firms. On the one

Table 3. Tobit regression results: product renewal.

Independent
variables

All Manufacturing Services

Low-
tech

Medium
low-tech

Medium
high-tech

High-
tech

Low
knowledge-

intensive

High
knowledge-

intensive

Internal R&D/
sales

0.184*** 0.573*** 0.983*** 0.891*** 0.673* 0.136*** 0.149*
(5.038) (3.251) (3.099) (4.909) (1.695) (3.191) (1.812)

ln(employment) 0.010*** 0.017*** 0.010** 0.042*** 0.060** 0.005** 0.000
(5.394) (3.914) (2.091) (3.171) (2.424) (2.327) (-0.019)

ln(age) -0.004 -0.007 0.004 -0.013 -0.005 0.003 -0.014
(-1.288) (-1.036) (0.412) (-0.691) (-0.161) (0.767) (-0.657)

Localisation
economies

0.007** 0.012** 0.000 0.013 0.058 0.007 0.006
(2.513) (2.318) (0.058) (0.785) (1.449) (1.464) (0.256)

Urbanisation
economies

0.118** 0.087 0.079 0.103 0.472 0.049 0.736**
(2.554) (0.676) (0.541) (0.334) (0.874) (0.869) (2.263)

Export intensity 0.052*** 0.032** 0.058*** 0.061 -0.026 0.019** 0.093*
(8.137) (1.986) (3.140) (1.511) (-0.373) (2.089) (1.725)

Foreign ownership
dummy

0.011** -0.006 -0.004 0.016 -0.019 0.028*** -0.101***
(2.085) (-0.516) (-0.277) (0.536) (-0.324) (3.517) (-3.226)

Funding dummy 0.116*** 0.093*** 0.090*** 0.069** 0.063 0.155*** 0.110**
(10.423) (4.792) (3.210) (2.394) (1.030) (4.758) (2.380)

Number of
observations

3205 558 361 209 65 1478 156

Pseudo R-square 0.188 0.204 0.203 0.286 0.458 0.117 0.223

Notes : The dependent variable is the share of new products in total sales, where new products can be new to the
market and/or new to the firm. The model is estimated using a tobit estimator. Values are marginal effects (t-values),
evaluated at the mean of the independent variables and referring to the impact on innovative sales intensity,
conditional on positive innovative sales. For dummy variables, marginal effects refer to a discrete change from 0 to
1. Significance levels: *** p < 0.01, ** p < 0.05, * p < 0.10. Sectors are defined according to the Eurostat sector
classification according to technology and knowledge intensity. For the definitions of the localisation and urbani-
sation measures we refer to the text (Equations (1) and (2)).
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hand, firms enjoy a significantly positive impact
from increased sectoral concentration. Con-
trolling for research and development inten-
sity, export intensity, foreign ownership,
funding, size, and age; own sector employment
concentrations are shown to be a significant
conduit in the innovation and renewal process
of firms’ product portfolio. On the other hand,
firms also seem to enjoy a significantly positive
impact on their innovativeness from urbanisa-
tion economies.

However, the results of the analysis with
regard to sectoral differences show that low-tech
manufacturing and service sectors benefit
from localisation economies in their innovation
process,whilemedium-andhigh-techsectorsdo
not. This is in line with recent research that has
increasingly shown the sustained competitive-
ness and innovativeness of low-tech sectors in
high-wage European countries (Maskell 1998;
Hirsch-Kreinsen 2008a, 2008b; Christensen
2010; Hansen & Winther 2011). High knowl-
edge intensive service firms, on the other hand,
seem to benefit most from urbanisation econ-
omies intheformofheterogeneityacross sectors
within their region. It would be worthwhile to
find out whether our conclusions hold for other
European countries.

These findings have implications both for
firms and for policy-makers. For firms, this
means that their research and development
could be put to better use as the return on
investment in innovation, that is expenditure
on research and development, is potentially
more productive in regions with relatively
more sectoral agglomeration. These regionally
agglomerated sectors accumulate sources of
spillovers, which in turn attract innovators and
support innovation. High knowledge intensive
service firms also seem to be able to benefit
from larger, more diverse regions in their inno-
vation process.

For policy-makers, this implies that agglom-
eration can be an important channel in the
overall promotion of innovation. Policy focus
is, however, often on high-technology indus-
tries and not on low-tech sectors. Funding at
regional, national and European level, for
instance, is currently mostly awarded to firms in
less-agglomerated, high-tech manufacturing
industries and least to firms in low-tech service
and manufacturing industries. Although it is

encouraging to see that R&D funding has a
significantly positive effect on product innova-
tion and renewal (except for high-tech manu-
facturing industries), our results suggest that
funding could be used more effectively and
efficiently in more agglomerated and low-tech
industries, in particular.

This, in turn, suggests that Belgian
(regional) innovation policy -which currently
puts much hope into the fast and effective
development of high-tech industries- should
not overlook the stimulus of innovation in low-
tech sectors, especially given its importance in
terms of employment and value-added. The
results indicate that policies should focus more
on the innovation of (medium) low- tech indus-
tries, although perhaps not at the expense of
high-tech sectors.

Notes

1. Patents tend to be filed by the parent company in
company groups. This implies that some patents
may be incorrectly assigned to the location of the
parent, even if they have not been invented there.

2. The NSSO database contains detailed informa-
tion on the number of plants and employees for
each sector and region in Belgium. Since every
employer in Belgium is legally required to report
employment data to the NSSO, the coverage of
the database is close to 100 per cent.

3. We would like to thank Manu Monard, Peter
Teirlinck and the CFS-STAT Commission of the
Belgian Science Policy for granting access to the
data at the offices of the Belgian Science Policy in
Brussels.

4. The CIS data only provide information on firms’
location at the NUTS 1 level. NUTS is a European
classification used to classify regions (Nomencla-
ture of Territorial Units for Statistics, the full
nomenclature is available on the Eurostat Ramon
classification server). At the NUTS 1 level, there
are only three regions in Belgium. To define our
agglomeration measures, we rely on the more
detailed NUTS 2 level, which divides Belgium into
11 regions.

5. The NACE nomenclature is a European classifica-
tion (similar to the ISIC classification), which clas-
sifies firms according to their economic activity.
The NACE classification can be downloaded from
the Eurostat Ramon server. There are 41 NACE
sectors present in our data.
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6. The CIS data are stratified by region (NUTS 1),
sector (NACE 2digit) and size class. Hence, the
data are representative for the full population of
Belgian firms employing at least 10 people. For a
detailed overview of the CIS population selection
process and the sampling issues involved, we refer
to Teirlinck (2005).
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