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ABSTRACT
This paper focuseson the vertical integrationof knowledge-intensive
business services (KIBS) into manufacturing sectors, using a subsys-
tem approach to input–output analysis. It aims at correctly assessing
the process of structural change that has occurred in the four main
European countries (France, Germany, Italy and the UK) over time
(1995–2005). It does not focus on KIBS sectors per se, but on their
function as carriers and sources of knowledge which influences the
performance of sectors, value chains and clusters across industries
and within countries. The analysis shows that KIBS’ contribution to
satisfying the final demand of manufacturing is in general largely
underestimated; that KIBS vertical integration into manufacturing
has increased over time in all the countries investigated except the
UK; and that the extent to whichmanufacturing sectors outsource to
KIBS is significantly affected by their technological intensity.
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1. Introduction

The rise of services in industrialised countries, particularly of knowledge-intensive busi-
ness services (KIBS), may be considered one of the main characteristics of the estab-
lishment of the knowledge economy over recent decades.1 Today, in order to bring new
products, processes and services to the market, firms must mobilise a broad set of skills,
which are often beyond their internal capabilities and which include not only technical
skills but also market analysis, logistics and behavioural sciences (OECD, 2006). Co-
operation with other firms and outsourcing enable enterprises to specialise and enhance
their competitive advantage further (Porter, 1990; Coffey and Bailly, 1991; Abramovsky
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2 D. CIRIACI AND D. PALMA

et al., 2004), using their internal knowledge resources optimally and combining them with
their partners’ specific competencies.

In this framework, a product can be represented as the association of various constituent
services and technical characteristics (Gallouj and Weinstein, 1997), and considered to be
the output of a vertical-integrated production process, along an integrated knowledge-
based value chain (Gallouj and Savona, 2009) that cuts across industries (Schettkat and
Yocarini, 2006). The intensity of these vertical linkages – tying together producers and
suppliers of ‘knowledge’ across sectors – has become even greater as a result of the intense
process of outsourcing that has characterised recent decades (Castellacci, 2010).2 This
has been interpreted as indicative of the transition of advanced countries from service
economies to economies based on service relationships (De Bandt and Gadrey, 1994).

Nowadays, KIBS are increasingly recognised as important carriers of new knowledge
developed in upstream sectors and then diffused into manufacturing industries, which
increasingly rely on them as inputs to their production process (European Commission,
2011). As such, their significance extends beyond their large and growing share of GDP,
and it is deeply rooted in their solid forward linkages with the rest of the economy. They
may be highly significant in determining value added and productivity in manufactur-
ing (Tomlinson, 2000; Baker, 2007; Castaldi, 2009) and enhancing a country’s competitive
advantage (Windrum and Tomlinson, 1999; Di Cagno and Meliciani, 2005).3 KIBS may
be used by manufacturing sectors to enhance product differentiation, thereby increasing
the quality (or perceived quality) and/or technology content of manufactured products,
and they may be instrumental in helping companies to reduce costs by providing services
more cheaply. Through their ‘tradability’, KIBS can act as a transmission channel of tech-
nology, contribute to increasing the productivity of many manufacturing processes, and
foster technological change in the economic system (Di Cagno and Meliciani, 2005).

Unfortunately, the increasing importance of outsourcing to KIBS (Tomlinson, 2000;
Peneder et al., 2003; Di Cagno andMeliciani, 2005; Francois andWoerz, 2008) also implies
that the use of sectoral approaches, which cannot account for the shifting boundaries
betweenmarket and in-house firms’ activities (Franke and Kalmbach, 2005), leads to over-
estimation of the KIBS share in the economy and, as consequence, to overestimation of the
decline of the manufacturing sector.

The aimof this paper is to contribute to the aforementioneddebate by correctly assessing
the extent to which KIBS contribute, directly and indirectly, to satisfying manufacturing
final demand through the use of a subsystem approach to input–output (I-O) analysis
(Momigliano and Siniscalco, 1982; Montresor and Vittucci Marzetti, 2011). To this end,
we evaluate and describe the process of structural change and of inter-sectoral value chain
reorganisation that has occurred over time (1995–2005) in the four main EU industri-
alised countries (France, Germany, Italy and the UK) using the harmonised OECD (2010)

1 The definition of KIBS generally includes computer and related services (NACE 72), research and development services
(NACE 73) and other business services (NACE 74), which include legal, marketing and advertisement, business consulting
and human resource development services, and other more operational services.

2 A taxonomy emphasising this aspect is proposed by Castellacci (2008b).
3 There is also a strand of micro-oriented literature emphasising the role of service firms in general, and of foreign multi-
nationals in services in particular, which has found positive returns to the use of services as intermediate inputs on
downstreammanufacturing firms. See, for instance, Mariotti et al. (2013).
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ECONOMIC SYSTEMS RESEARCH 3

I-O STAN Database edition (these countries represent almost 63% of EU28 GDP).4 The
theoretical hypothesis is that of a virtuous circle whereby the existence of established and
well-functioning sets of vertical linkages – i.e. the strength of the interactions among sup-
pliers, producers and users of knowledge – increase a country’s competitive advantage
(Porter, 1990; Lundvall, 1992; Tomlinson, 2000; Castellacci, 2008a, 2010). As new tech-
nologies and know-how are generated through the interaction of companies with their
environment (and are further developed internally), the higher the degree of integration
between KIBS and manufacturing sectors along what we may term a ‘knowledge-based
value chain’, the easier the knowledge diffusion and the greater the success of the economic
system as a whole.5

From a methodological point of view, we propose to use the aforementioned subsys-
tem approach to I–O instead of the traditional Leontief approach in order to give proper
account of the shifting boundaries between services and manufacturing sectors. Although
some employees may be formally employed in KIBS, they may be working to satisfy the
final demand for manufacturing products (and/or of other sectors of the economy), and
not for KIBS. This implies that, if the contribution of KIBS to satisfying the final demand of
manufacturing is not correctly accounted for, we may observe an overestimation of their
employment shares (and, conversely, an underestimation of manufacturing employment
shares) in the economy.

From an empirical point of view, we focus on the extent to which the degree of KIBS
vertical integration into manufacturing sectors (calculated using the subsystem approach)
has changed over time and differs according to manufacturing technological intensity. If
an increase in KIBS use over time by manufacturing systems is found, this would suggest
an increasing outsourcing of knowledge-intensive activities from manufacturing to KIBS.
Concurrently, if for instance their use by manufacturing sectors is found to be increasing
along with their technological intensity, this would indicate a positive relation between the
quality of amanufacturing product produced/demanded (forwhich technological intensity
is commonly considered a proxy; see Ciriaci and Palma, 2008) and the direct and indirect
contribution to it by KIBS.

The paper is organised as follows. The next section briefly explains the reasons for focus-
ing on the integration of KIBS into national economic systems. Section 3 clarifies why
a subsystem approach to I-O should be preferred to a traditional I-O analysis of inter-
industry links. Section 4 shows, for the four countries covered by the study, the main
differences in terms of results obtained by applying the two approaches and accounting
for the direct and indirect (e.g. through subsequent production rounds) contribution of
KIBS to manufacturing final demand. Section 5 describes the evolution of the integration
of KIBS into manufacturing subsystems and the extent to which it changes according to
manufacturing technological intensity. Finally, Section 6 concludes the paper.

2. Literature review: which KIBS and when?

Nearly 20 years after the inspiring contribution by Miles et al. (1995), KIBS have recently
gained a novel research and policy momentum grounded on their increasing share in the

4 The database supplies symmetric industry-by-industry I-O tables for the whole economy, for the domestic economy and
for imports at two-digit ISIC REV.3 (compatible with NACE REV.1).

5 This hypothesis has been recently tested and verified by Ciriaci et al. (2015).
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4 D. CIRIACI AND D. PALMA

economy.6 This is interpreted as being the counterpart to the establishment of the so-called
‘ecosystem of innovation’, an innovation paradigm in which firms depend in various ways
on the expertise of their different partners.

There are several reasons why, in such a context, companies active in KIBS are consid-
ered fundamental sources of tacit and codified professional knowledge, and of competitive
importance for their clients (Miles et al., 1995). These are firms specialised in knowl-
edge screening, assessment and evaluation (Consoli and Elche-Hortelano, 2010), and
which perform (mainly for other companies) activities ‘encompassing a high intellectual
value-added’ (Muller, 2001). They provide customised problem-solving assistance for their
clients, acting as external knowledge sources (Den Hertog, 2000; Muller and Zenker, 2001;
Toivonen, 2004; Miles, 2005; Wood, 2005). Last but not least, they are responsible for the
creation of knowledge, its combination from different sources and its distribution itself
(David and Foray, 1995; Strambach, 2008).7 Therefore, KIBS are not only innovative on
their own, but serve as intermediaries and nodes in innovation systems, facilitating the
transfer of knowledge and technology to clients (Baker, 2007). The knowledge created by
these industries is not only an object, i.e. a public or private good that can be exchanged,
but also a collective and complex path-dependent activity (Antonelli, 2005).

Recent macroeconomic studies have obtained new insights into KIBS’ inter-sectoral
relationships with the rest of the economic system, especially manufacturing, and into the
implications of such complex production relations in terms of knowledge diffusion (Hauk-
nes and Knell, 2009; Mas-Verdú et al., 2010), structural change and economic growth (Di
Cagno andMeliciani, 2005; Desmarchelier et al., 2012). They generally point out that KIBS
are essential for the production, diffusion and use of technology, and hence for economic
growth. For instance, according to Baker (2007), each euroworth of input of KIBS increases
the value of total manufacturing output by around 1.67 euros.8

However, KIBS’ increasing role and integration with the rest of the economic system
should be seen to reflect not only a general increased demand for knowledge, but also
an increasing division of labour among firms within and across sectors (Montresor and
Vittucci Marzetti, 2007; 2010) due to their decisions about making or buying (Coase,
1937; Riordan and Williamson, 1985). This choice reconfigures the sectoral structure of
an economic system. Thus, the observed increased demand for business services should
be interpreted also as a consequence of the structural change occurring in manufactur-
ing itself, where firms’ innovation and organisational efforts have favoured a form of
labour-saving technological progress (Franke and Kalmbach, 2005).9

In light of these considerations, it comes as no surprise that the boundaries between
manufacturing and services, especially KIBS, are becoming blurred (Tomlinson, 2000; Falk

6 On the classification of KIBS, see also Muller and Zenker (2001) and Martinez-Fernandez and Miles (2006).
7 This procedure – far from being automatic – requires specific supporting functions (Hipp and Grupp, 2005).
8 The definition of KIBS used by Baker is slightly different from the one used in this study and includes also rental services
(NACE 71).

9 In the innovation-oriented economic literature, there are two predominant approaches to the study of this category of
business services. The first approach points out their function as ‘bridges’ for knowledge (Czarnitzki and Spielkamp, 2000)
and as ‘holders’ of proprietary ‘quasi-generic’ knowledge, which is generated from interactions with customers and the
scientific community. This is the case of the papers by Strambach (2001) and Glücker (1999), where the emphasis is placed
on the generation, diffusion and creation of knowledge by the interactions between KIBS and their clients. The second
approach, instead, starts from the concept of ‘national innovation system’ (Nelson, 1993) and ascribes to KIBS three major
functions: they are ‘facilitators’, ‘carriers’ and ‘sources’ of innovation for their client firms (DenHertog andBilderbeek, 1998;
Hipp et al., 2000).
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ECONOMIC SYSTEMS RESEARCH 5

and Peng, 2013). Clearly, this implies that failing correctly to account for manufacturing
outsourcing to KIBS (i.e. for the extent to which KIBS contribute to satisfying manufac-
turing final demand) may lead to an overestimation of the KIBS economic share in an
economic system and to an underestimation of manufacturing’s economic role.10

Previous studies have also shown a high level of heterogeneity in the use of KIBS as
intermediate inputs by manufacturing. According to Baker (2007), there are a number of
sectors that are strong users of these specialised services, especially certain manufacturing
sectors. In this regard, given country differences in economic size, industrial specialisa-
tion and market structure, the extent to which manufacturing sectors rely on domestic
KIBS may differ considerably even across countries characterised by a similar level of
industrialisation/economic development, such as those considered by this study.

Furthermore, each stage of the product and business life cycle needs different
knowledge-intensive services. For instance, R&D services are generally provided in the
early stages of the production process, whilst intellectual property rights, commercialisa-
tion, marketing and production process development tend to bemore important at its end.
Overall, the use of externally sourced services typically increases at more mature stages of
the product life cycle: for instance, many software firms specify, design and implement new
products using internal resources, and require outside assistance for business strategy for-
mulation and finance, followed by legal services. Therefore, wemay expect also a high level
of heterogeneity in the way and extent to which each of the sectors belonging to the KIBS
aggregate interacts with the rest of the economic system.

Moreover, demand for KIBS (and the ability to make use of them) changes according
to several firm’s dimensions such as size (Antonelli, 1990) and division of labour, business
model, knowledge base, sector specialisation and degree of internationalisation (OECD,
2006). For example, a start-up firm may not be able to afford an external service; so it
provides that service by itself. Consequently, a country (and/or a sector) that is ‘rich’ in
start-ups and micro/small firms may be characterised by a lower level of KIBS vertical
integration into manufacturing than a country (and/or sector) where large firms prevail.
In fact, as the business grows, a firm can pay to outsource the service, and, eventually, the
firmbecomes large enough to hire a specialist to perform the service internally. At the same
time, the demand for KIBS varies according to the firm’s business model. If a firm aims at
becoming vertically integrated, it will always tend to learn enough to incorporate the ser-
vice; and even if it is small, perhaps focused on a particular technology, it may decide to
adopt an outsourcing strategy whenever possible. Marketing and design support are essen-
tial to enter (and stay) in markets for highly differentiated products, and they are activities
fundamental for matching consumers’ needs and expectations. Business service providers
and research technology organisations appear to be especially important for firms that are
expanding into internationalmarkets because they are often used to support businessman-
agement and development. Instead, legal services may be extremely useful if a firm decides
to grow through mergers and acquisitions (in this case, backing and financial assistance
are fundamental as well).

Against this background, and notwithstanding the mutual linkages between manufac-
turing and KIBS, analyses of the extent to which the latter contribute to manufacturing are

10 As shown by Park and Chan (1989), ignoring the inter-sectoral demand of the manufacturing sector for service inputs
lead to serious underestimation of the employment absorptive capacity of the manufacturing sector.
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6 D. CIRIACI AND D. PALMA

limited, and they use a sectoral approach. Once KIBS’ contribution to manufacturing final
demand is correctly accounted for, we expect the weight of manufacturing in the economy
to increase and that of KIBS to decrease. We also expect high heterogeneity in the use of
KIBS bymanufacturing according tomanufacturing technological intensity and the kind of
KIBS considered, and a certain degree of cross-country heterogeneity reflecting structural
differences and country characteristics.

3. Methodological approach

Toour knowledge, this paper is the first attempt correctly to assess the extent towhichman-
ufacturing relies onKIBS to satisfy its final demandusing the so-called subsystem approach
that, following Luigi Pasinetti’s seminal ideas (1973; 1993), Momigliano and Siniscalco
(1982) put forward in the early 1980s. To this end, we use data on inter-sectoral flows in
1995, 2000 and 2005 (source: OECDSTAN I-Odatabase 2010 edition) in France, Germany,
Italy and the UK.

In a standard approach to I-O analysis, the economy is disaggregated into sectors which
are conceived as if theywere vertically integratedmodels of production.11 However, in real-
ity, sectors are not complete production systems because they are still inter-linked with the
rest of the economy. In fact, an intermediate good is a composite product, and it is likely
that the sector buying the intermediate product has contributed directly or indirectly to
its production. Moreover, a traditional approach cannot give any insight into the use of
intermediate inputs by a specific production as a consequence of a re-organisation of man-
ufacturing value chains. That is to say, if some business activities previously performed ‘in
house’ by manufacturing companies are outsourced to specialist subcontractors, this reor-
ganisation of the value chain will not be captured by such I-O analysis. We would observe
an increase in the share of the services sector and a decrease inmanufacturing even though
these activitieswere still satisfying the final demand ofmanufacturing. Consequently, a sec-
tor approach is extremely sensitive to changes in the way firms organise their production
processes, which could be erroneously taken as a ‘sign’ of structural change. This approach
is unable to capture the effects of outsourcing on the entire set of relationships within an
economic system (Montresor and Vittucci Marzetti, 2010).

Differently from the Leontief approach, the subsystem approach (Momigliano and
Siniscalco, 1982) enables the classification of each industry to obtain a well-defined, inde-
pendent and complete production system, with no other exchange with the rest of the
economic sectors. That is to say, the economy is disaggregated into sectors ‘which are verti-
cally integratedmodels of production’ (Sraffa, 1960; Pasinetti, 1973). The logic is to classify
each industry on the basis of its final product to identify each industry’s contribution to
each production process.12 As such, a ‘vertically integrated sector’ is defined as the overall

11 For instance, Petit (1986), Russo and Schettkat (1999; 2001), and Gregory and Russo (2006) have performed I-O analysis to
determine the inter-industry division of labour and the extent of outsourcing from themanufacturing to the services sec-
tors (for a review, see Schettkat and Yocarini, 2006). Within the literature on service innovation (Drejer, 2004; Miles, 2005),
the growing interdependence between the manufacturing and services branches of the economy has been analysed by
Guerrieri and Meliciani (2005), Miozzo and Soete (2001) and Evangelista (2000).

12 Here any flow input–flow output process is broken down into as many point input–point output processes as there are
stages of production. Thus all processes constituting a system of production can be represented bymatrices of input and
output, respectively.
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ECONOMIC SYSTEMS RESEARCH 7

activities in the economic system directly ‘and indirectly’ used to satisfy the final demand
for a certain product.

The first step of the subsystem approach to I-O matrices consists of reorganising the
domestic I-Omatrices expressed at current prices (for each year and each country) through
an operator (B) which re-classifies any variable from a sector base to a subsystem one.
Once this operator has been applied, one obtains a table (for each year and each country)
in which all the links among the subsystems considered and the different branches that
contribute to them are shown.Momigliano and Siniscalco (1982) referred to the concept of
a subsystem by constructing the following matrix (the circumflex symbol is used to denote
diagonalisation):

B = q̂−1
(I − A)−1ŷ, (1)

in which q̂ is the diagonalised vector of gross production,A is the matrix of domestic flow-
based I-O coefficients and ŷ is the diagonalised vector of final demand. Each row of B adds
up to one and shows the proportion of the activity of each branch, which comes under the
different subsystems.

The analysis of B has been generally used to detect whether a process of tertiarisation or
de-industrialisation has occurred over time. It is influenced neither by relative prices – the
results are the same no matter whether B is calculated starting from matrices expressed at
current or constant price, or in quantities – nor by decentralisation of production phases
across industries.13 In fact, every subsystem represents all the domestic activities used to
satisfy the final demand for a particular product, whose total value does not depend on the
sectoral distribution of the production process (Momigliano and Siniscalco, 1982).

On the basis of B, the matrix C is derived as follows:

C = l̂ B( ˆl′B)−1 (2)

in which l̂ is the diagonalised vector of labour input (source: OECD STAN database, var-
ious years). The generic element of C (cij) measures the share accounted for by sector i
in total labour required by subsystem j in order to satisfy final demand. In other words,
the corresponding employment flow, from i to j, takes into account that the former sector
can contribute to the latter also by being the intermediate input of a third generic sector, z,
which is in turn an input for sector j. As such, it can be used to detect the extent to which
the different subsystems (the columns of C) rely on extra-sectoral labour contributions.
In particular, each of the cells cjj on the main diagonal of the matrix inform us about the
proportion of total labour, directly and indirectly required to produce the output of a cer-
tain branch j, accounted for by branch j itself. Therefore, the closer the value of cjj is to 1
(0), the higher (lower) the level of vertical integration of the branch (i.e. the production
process took place entirely within the branch itself and, if close to 0, the more outsourcing
processes are relevant to it). In synthesis, the matrix C appears suitable for dealing with
the complex relationships that link sectors together. This matrix can then be easily used to
determine consistently the amount of employees that manufacturing sectors obtain from

13 AsdemonstratedbyRampa (1982). Therefore, service employment is attributed to the subsystems consideredwithout the
need to evaluate services in real terms, avoiding the theoretical and empirical problems associated with service deflation
(Momigliano and Siniscalco, 1982).
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8 D. CIRIACI AND D. PALMA

KIBS in an embodied way. In the case of the generic subsystem j, this is given by

KIBSj = ck,j + · · · + cr,j =
r∑

i=k

cij, (3)

where the sectorswhich go from k to r are theKIBS sectors of the relevant economic system.
In other words, our KIBSj indicator is nothing but the sum by row of the relevant column
j (namely of each subsystem) of C, with respect to the r – k number of KIBS sectors. This
sum is a second indicator of outsourcing (Montresor and Vittucci Marzetti, 2007). The
lower it is, the less the KIBS are integrated into the subsystem considered.14

Clearly, because these are domestic I–O tables, neither B nor C takes into account
imported KIBS used as intermediate inputs. This is especially important to bear in mind,
given the increasing importance of global value chains (GVC), i.e. of the increased pro-
duction fragmentation across countries.15 In this respect, services may often cross borders
before they contribute to manufacturing’s final output, although they are generally less
tradable than manufacturing products. Indeed, if we analyse the extent to which KIBS are
imported and used in the production of goods and services produced domestically, we find
that, in the four economies under study, the KIBS used as intermediate inputs are almost
entirely provided domestically. This is shown in Table 1, which uses data on ‘intermediate
consumption’ by product and country of origin from the recently published International
Use Tables and reports the share of imported intermediate inputs over total intermediate
inputs and the share of KIBS imported as intermediate inputs over the KIBS total inter-
mediate inputs used by the 15 EU member states in 1995, 2000 and 2005.16 It shows that
our four countries report the lowest shares of total imported intermediate inputs over total
intermediate inputs, and particularly low shares of KIBS intermediate imports over the
total amount of KIBS used as intermediate inputs (ranging from 6.8% to 9.1% in 2005).17

More importantly, however, domestic I–O tables are to be preferred in this kind of anal-
ysis because the invariance of C to changes in the relative prices no longer holds if total
flows are considered, as C turns out to depend on changes in terms of trade, thus affect-
ing the temporal comparison between the I–O subsystems on which the analysis of KIBS
outsourcing is based.18

Finally, a last caveat is necessary. The matching between the sectoral level and the firm
level of analysis of outsourcing, although reasonable, is not trivial because I-O tables are

14 Furthermore, B and Cmeasure shares that do not depend on, respectively, sectoral labour productivities or on the final
demand structure (Montresor and Vittucci Marzetti, 2010). In fact, on the one hand, B calculates the shares of each sub-
system in each relevant sector, for example in terms of employees. Therefore, changes in total employment in a certain
sector, with gross production constant, do not affect these shares. On the other hand, if constant returns to scale are
assumed (or if we assume that all sectors share the same patterns of returns to scale, either increasing or decreasing),C is
not affected by changes in the composition of final demand. If, instead, ‘returns to scale are increasing in themanufactur-
ing sector only, an increase in industrial demandmight lead to a decrease in themanufacturing elements of C’ (Montresor
and Vittucci Marzetti, 2010, p. 6). This would actually imply that even if a subsystem approach is used, manufacturing’s
capacity to generate employment may continue to be underestimated, although to a lesser extent than in the case of a
traditional I–O approach.

15 A burgeoning literature on ‘GVCs’ has recently addressed the causes and consequences of the increasing fragmentation
of production processes across countries (see Timmer et al., 2013).

16 See Timmer (2012) and Dietzenbacher et al. (2013).
17 High KIBS intermediate import shares can be generally observed for smaller countries which points up the importance

of KIBS imports (the intermediate share being the bulk of total imports, as addressed in Dietzenbacher et al., 2013 for
services in general) for production processes in these economies.

18 See Montresor and Vittucci Marzetti (2007) for calculus and discussion of the Cmatrix when using I–O total intermediate
flows.
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ECONOMIC SYSTEMS RESEARCH 9

Table 1. Total and KIBS imported intermediate inputs, as%of total intermediate inputs and of total KIBS
intermediate inputs used by the whole economy, by country (1995, 2000 and 2005).a

Imported intermediate inputsb KIBS imported intermediate inputsc

Country 1995 2000 2005 1995 2000 2005

France 14.66 18.20 17.60 5.10 6.45 6.77
Germany 15.58 20.39 22.71 3.54 7.37 7.13
Italy 14.89 15.74 15.90 5.77 6.16 7.68
Portugal 21.42 23.71 23.39 14.50 10.43 8.97
UK 17.71 17 16.52 11.05 9.75 9.08
Greece 18.43 29.56 26.46 3.19 10.55 9.38
Belgium 35.98 37.67 36.83 14.85 21.47 15
Denmark 24.58 29.45 31.23 5.52 11.88 16.86
Austria 26.49 31.45 32.39 33.06 23.79 17.75
Spain 14.24 20.62 17.75 10.63 18.34 18.01
Sweden 23.15 27.01 27.34 24.54 27.90 24.76
Finland 20.94 24.10 25.89 24.92 30.18 28.26
Netherlands 32.05 34.20 34.18 32.05 33.88 33.04
Ireland 39.44 50.05 45.19 53.66 69.79 67.98

Source: Authors’ calculations on World Input–Output database 2013 edition.
aOrdered from low to high imported intermediate inputs ratio for KIBS in 2005.
b% of total intermediate inputs.
c% of total KIBS intermediate inputs.

built using the ‘establishment’, and not the firm, as the unit of analysis. However, as pointed
out by Montresor and Vittucci Marzetti (2007), given the particular nature of service out-
put (neither storable nor transportable), firms rarely set up separate establishments for the
‘in-house’ provision of services, especially in the case of knowledge-intensive services. It
follows that, in the case of KIBS outsourcing, the focus of this paper, the bias due to dealing
with establishments and not with firms is likely to be limited.

4. Differences between the traditional and subsystem approaches

The large differences in results obtained with a traditional and a subsystem approach to
I-O analysis can easily be grasped by comparing the employment shares calculated using
them. Table 2 reports these shares for services, KIBS and manufacturing sectors (both at
aggregate level and disaggregated by technology intensity) calculated for the four countries
analysed in the study in 1995, 2000 and 2005.19

As will be seen, the industry structures of employment obtained by applying the two
methods are markedly different for all the countries in the analysis.

In general, services employment shares obtained using a traditional approach are higher
than those obtained through a subsystem approach, which indicates a substantial overesti-
mation of the tertiary sector if the former is adopted. Furthermore, the extent of this over-
estimation at country level seems independent from the degree of tertiarisation observed.
Stated simply, Italy and the UK show the lowest overestimation biases, but these are the
countries where the lowest and the highest degree of tertiarisation are observed over time,
respectively. In linewith our expectations, overestimation of employment shares in services

19 The service aggregate is based on the two-digit ISIC REV 3 classification used in the OECD I–O tables including market
services (in which KIBS are comprised) and non-market services. The aggregation of the manufacturing sectors by tech-
nology intensity has been carried out following the Eurostat criteria whilst considering the ISIC REV. 3 sectoral breakdown
of the OECD I-O tables.

D
ow

nl
oa

de
d 

by
 [

D
an

ie
la

 P
al

m
a]

 a
t 0

7:
06

 1
0 

Ja
nu

ar
y 

20
16

 



10 D. CIRIACI AND D. PALMA

Table 2. Differences in terms of employment share between a traditional and a subsystem approach to
I–O analysis.a

Year Services KIBS Manufacturing L ML MHT HT

France Traditional approach 1995 71.56 10.75 16.58 6.53 4.47 4.48 1.10
2000 74.16 13.23 15.16 5.82 4.15 4.11 1.09
2005 75.98 13.85 13.35 5.06 3.76 3.70 0.83

Subsystem approach 1995 62.92 3.80 23.94 10.33 3.01 8.91 1.69
2000 66.02 4.78 22.47 8.90 2.74 8.85 1.98
2005 67.65 5.06 20.42 7.95 2.52 8.64 1.31

Germany Traditional approach 1995 64.58 7.41 22.45 7.16 5.33 8.37 1.59
2000 68.73 10.19 20.72 6.29 4.88 8.11 1.44
2005 71.87 11.77 19.35 5.67 4.57 7.76 1.35

Subsystem approach 1995 58.95 2.19 27.75 9.62 3.74 12.51 1.88
2000 60.39 2.88 28.65 9.12 3.78 13.51 2.24
2005 62.77 3.52 28.20 8.49 4.13 13.55 2.03

Italy Traditional approach 1995 63.05 7.14 23.19 10.62 5.69 5.77 1.11
2000 65.78 9.77 21.83 9.36 5.75 5.70 1.02
2005 67.01 11.22 20.45 8.34 5.57 5.53 1.01

Subsystem approach 1995 59.51 2.18 29.01 14.34 3.65 9.53 1.48
2000 61.03 2.79 27.62 12.64 3.86 9.78 1.34
2005 62.60 3.39 25.44 11.28 3.93 9.11 1.12

UK Traditional approach 1995 74.59 10.69 15.96 6.39 3.66 4.65 1.27
2000 77.13 12.24 14.24 5.69 3.24 4.12 1.20
2005 80.33 14.42 10.78 4.37 2.50 3.19 0.72

Subsystem approach 1995 69.51 3.83 20.43 7.89 2.72 7.53 2.29
2000 71.70 4.17 18.96 7.22 2.47 7.01 2.27
2005 75.80 5.49 14.14 5.55 2 5.56 1.04

Source: Authors’ calculations on OECD STAN I-O database 2010 edition.
aL: low-tech manufacturing sectors; ML: medium-low-tech manufacturing sectors; MH: medium-high-tech manufacturing
sectors and H: high-tech manufacturing sectors.

always appears particularly important for KIBS, confirming that their indirect contribution
to satisfying the final demand of other sectors is generally largely underestimated.

The opposite trend is observed formanufacturing: if we use a subsystem approach (i.e. if
we consider the overall re-organisation of production across the economic system), manu-
facturing employment shares are higher than those obtained using a traditional approach.
Therefore, the comparison between the two approaches confirms a substantial underes-
timation of industrial activities. In this respect, we also observe significant cross-country
heterogeneity over time. For instance, manufacturing employment shares resulting from
the adoption of the traditional approach are especially underestimated in the case of France.
However, whereas in the case of France both methods signal a decreasing share of man-
ufacturing, in that of Germany the use of a traditional approach would furnish a more
misleading picture. In the latter country, the manufacturing underestimation emerging
from the use of a traditional approach tends to increase over time, and the resulting data
suggest a declining share of manufacturing employment. Instead, the use of a subsystem
approach shows a growth of industry over the 1995 and 2005 period (although between
2000 and 2005 we observe a slight decline).

In particular, if we classify manufacturing industries according to their global techno-
logical intensity, a traditional approach underestimates especially the employment share of
manufacturing medium/high-tech and high-tech sectors. This might suggest that, among
manufacturing industries, medium/high-tech and high-tech ones are those more reliant
on other sectors to satisfy the final demand for their products. Therefore, an approach
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ECONOMIC SYSTEMS RESEARCH 11

which cannot tackle the re-organisation of the production process across sectors tends
to underestimate the employment creation capacity of manufacturing sectors, especially
of those which increasingly rely on outsourcing. More importantly, the lack of consid-
eration of both the ‘direct’ and ‘indirect’ uses of intermediate input may lead to even
misleading results, as already suggested for the case of manufacturing in Germany. Again,
if in the case of this country, we consider the classification of manufacturing into low-
, medium/low-, medium/high- and high-tech sectors, a traditional I–O approach shows
that from 1995 to 2005 their relative weights in terms of employment decreased. Instead,
a subsystem approach suggests that their weight has increased. In fact, the employment
shares of medium/low-tech sectors increased from 3.7% to 4.1% (vs. a decrease from 5.3%
to 4.6% observed if a traditional approach is used); that of the medium/high-tech sectors
from 12.5% to 13.6% (vs. 8.4% to 7.8%); and that of the high-tech sectors from 1.9% to 2%
(vs. 1.6% to 1.4%).

To conclude, the differences in the results obtained by applying a traditional and a sub-
system approach to I–O confirm that the latter should be preferred to the former, which
does not properly account for those employees formally employed in services but who are
working to satisfy the final demand for non-service sectors. Clearly, these findings do not
imply that the increase in the employment share of the service sectors is an effect of an
increase in the final demand by manufacturing sectors, but only that these indirect links
must be properly taken into account to obtain a reliable picture of the structure of an
economy.

5. Results and discussion

Henceforth, with the expression ‘KIBS vertical integration’ into low-, medium/low-,
medium/high- and high-techmanufacturing subsystems, we will refer to the input of KIBS
to low-, medium/low-, medium/high- and high-techmanufacturing sectors’ final demand,
in terms of employment. Accordingly, in the case of KIBS vertical integration, we will con-
sider the columns of matrix C, i.e. each subsystem separately (if the total employment
necessary to satisfy the subsystem j’s final demand is 100, how much of this amount is
accounted for – directly and indirectly – by KIBS employees?).

As such, the focus is on the extent to which manufacturing sectors rely on (employees
from) KIBS to satisfy the final demand for their products. In this regard, it is worth not-
ing that, because the term ‘outsourcing’ usually denotes a process by which a certain firm
switches from performing a certain activity in-house to buying its outcome from an exter-
nal provider, by using I-O tables an outsourcing process can only be only identified (with
the caveats stressed in Section 3) if – comparing the C matrix of country i over time by
subsystem – we observe an increase of KIBS contribution to the j subsystem’s final demand
(inter-industry outsourcing). In fact, the Cmatrix of one specific year does not give us any
information about intra-industry outsourcing, because we do not know if the service that
is ‘bought’ by subsystem j from KIBS at time t, was provided internally at time t− 1.20

Having clarified this, in what follows wewill first analyse the vertical integration of KIBS
as aggregate sector (see Section 5.1), and thenwewill disaggregate it into (1) other business

20 Stated simply, it does not point out organisational changes that occur entirely inside the sector itself (Montresor and
Vittucci Marzetti, 2007).
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12 D. CIRIACI AND D. PALMA

Figure 1. KIBS vertical integration into manufacturing, by manufacturing technological intensity: 1995
vs. 2005.

FR_LDE_L

IT_L

UK_L

FR_ML

DE_ML

IT_ML

UK_ML

FR_MH

DE_MH

IT_MH

UK_MH

FR_H

DE_H

IT_H

UK_H

5

7

9

11

13

15

17

19

21

23

0 2 4 6 8 10 12 14 16 18 20

20
05

1995

Source: Authors’ calculations on OECD STAN I-O database, 2010 edition. Note: KIBS vertical integration
into low-tech (L), medium-low tech (ML), medium-high-tech (MH) and high-tech (H) manufacturing
sectors in 1995 and 2005 are reported, respectively, on the horizontal and vertical axis by country
(DE=Germany; F= France; IT= Italy; and UK= United Kingdom). The size of the circle rflects the eco-
nomic size of each country’s manufactiing subsystems in 2005, calculated in terms of total employment
(Color online).

services, (2) computer and related services and (3) research and development services (see
section 5.2).21

5.1. Manufacturing vertical integration and the use of KIBS: 1995–2005

Overall, the results of the subsystem I-O analysis show that, in the 1995–2005 period, KIBS
vertical integration intomanufacturing increased remarkably in three of the four countries
analysed (Figure 1 and Table 3).

Figure 1 reports the level of KIBS vertical integration into manufacturing sectors (by
technological intensity) in the four EU countries in 1995 and 2005, respectively. The circles
represent the economic size of the country’s manufacturing subsystems in 2005, calculated

21 Data are always obtained from matrices of different sizes; however, the calculus has been carried out at the highest dis-
aggregated level available, and then aggregated at the chosen level of analysis to avoid the distortions which are usually
encountered when aggregated I-O tables are used.
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ECONOMIC SYSTEMS RESEARCH 13

Table 3. KIBS vertical integration into manufacturing subsystems, 1995–2005.

Year Country L ML MHT HT Manufacturing

1995 France 10.69 10.51 17.42 18.73 13.74
Germany 7.14 7.52 9.40 8.91 8.33
Italy 5.01 7.56 8.42 7.74 6.59
UK 8.68 8.38 10.64 9.51 9.46

2000 France 11.82 13.99 19.52 19.33 15.78
Germany 10.27 10.05 14.57 15.90 12.71
Italy 6.87 10 11.07 8.23 8.86
UK 9.06 7.73 11.01 11.02 9.84

2005 France 12.45 15.02 20.33 19.92 16.58
Germany 12.32 13.10 16.98 16.33 14.96
Italy 7.93 11.27 11.87 7.20 9.83
UK 8.76 8.19 10.60 8.20 9.36

Source: Authors’ calculations on OECD STAN I-O database, 2010 edition.
Note: KIBS vertical integration into low-tech (L), medium-low-tech (ML), medium-high-tech (MH), high-tech (H) manufac-
turing subsystems and manufacturing.

as the manufacturing subsystem employment share in total employment as in Table 2. It
illustrates that KIBS are generally more integrated with the medium/high-tech and high-
tech subsystems than with the remaining manufacturing ones, and that the extent of this
integration varies significantly among countries. More in detail, in 1995, France was the
country in which manufacturing relied most on extra-labour inputs from KIBS, followed
by the UK, Germany and Italy (Table 3). At the end of the period, although France was
still the highest-ranking country in terms of KIBS vertical integration into manufacturing,
Germany caught up, followed – at a large distance – by Italy and the UK (Table 3).22

According to the patterns identified, these four countries can be clustered into two dis-
tinct groups: on the one hand, France and Germany; and, on the other, Italy and the UK.
In France and Germany, since 1995 all the four manufacturing subsystems have increas-
ingly relied on KIBS employees to satisfy their final demand. Moreover, in both countries
the extent to which employees formally employed in KIBS contribute to manufacturing
increases as wemove from low/medium–low-tech tomedium–high/high-tech subsystems.
We also observe a convergence in their patterns ofKIBS vertical integration,which, in 2005,
are more similar than at the beginning of the period, due to the accelerated growth of KIBS
vertical integration intomanufacturing subsystems that occurred inGermany. Thismay be
read in light of the political support given to the need for a radical restructuring of the econ-
omy in favour of services that started in the late 1980s (Windrum and Tomlinson, 1999).
Moreover, it is worth stressing that the development of German advanced services turned
out to be more concentrated in the medium- and high-tech manufacturing subsystems.

On the other hand, in the case of the UK and Italy, we generally observe a lower con-
tribution by KIBS sectors’ employment to the final demand of manufacturing subsystems,
withmarked specificities at both subsystem and country level. In fact, although in 1995 the
UK was ranked second in terms of KIBS vertical integration (immediately after France),
in the following period (2000) we detect a quite slow growth of KIBS’ direct and indirect
contribution to two of four manufacturing subsystems (low andmedium high-tech), and a

22 These findings are consistent with those obtained through the Cmatrix based on OECD I–O tables including total inter-
mediate flows (domestic plus imported), which are available upon request. This confirms the structural importance of the
sectoral relationships under analysis.
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14 D. CIRIACI AND D. PALMA

Table 4. % changes in KIBS vertical integration into manufacturing subsystems by technological
intensity.

Year Country L ML MHT HT Manufacturing

Var. 2000–1995 France 10.53 33.15 12.03 3.23 14.80
Germany 43.86 33.70 54.98 78.41 52.60
Italy 37.20 32.30 31.45 6.31 34.46
UK 4.44 −7.77 3.49 15.87 4.10

Var. 2005–2000 France 5.37 7.33 4.17 3.03 5.09
Germany 19.95 30.29 16.56 2.73 17.73
Italy 15.36 12.68 7.24 −12.49 10.87
UK −3.36 5.97 −3.74 −25.59 −4.89

Var. 2005–1995 France 16.46 42.91 16.70 6.35 20.65
Germany 72.55 74.20 80.64 83.28 79.65
Italy 58.28 49.07 40.97 −6.98 49.07
UK 0.92 −2.27 −0.38 −13.77 −0.99

Source: Authors’ calculations on OECD STAN I-O database, 2010 edition.
Note: KIBS vertical integration into low-tech (L), medium-low-tech (ML), medium-high-tech (MH), high-tech (H) manufac-
turing subsystems and manufacturing.

contraction in the medium–low-tech one (Table 4). Furthermore, differently from France
and Germany, in the case of the UK we do not detect any increasing KIBS vertical inte-
gration process. More in detail, in three (low-, medium/high- and high-tech) of four UK
subsystems, an initial increase in the direct and indirect ‘use’ of KIBS employees by the
manufacturing subsystems observed during the period 1995–2000 is followed by a contrac-
tion between 2000 and 2005, which is quite dramatic in the case of the high-tech subsystem
(Table 4). As a result, in 2005 the UK’s KIBS vertical integration into the high-tech subsys-
tem is found to be almost the same as that of the medium/low-tech ones, and a nearly
flat subsystem pattern of KIBS contribution emerges. Overall, the analysis shows that ser-
vice integration in the UKmanufacturing subsystem initially increased, whilst it decreased
from 2000 onwards, when a huge process of tertiarisation took place – a likely consequence
of the UK’s pronounced political support for the shift towards a serviced-based economy
(Windrum and Tomlinson, 1999). These results are also in line with those of other empiri-
cal studies using a subsystem approach (Montresor and Vittucci Marzetti, 2010; 2007) and
showing a large overestimation of the UK’s tertiarisation process in the 1980s and 1990s.

In the same decade, in the case of Italy we observe a high growth of KIBS’ direct and
indirect employment contribution to manufacturing subsystems’ final demand in low-,
medium/low- and medium/high-tech subsystems (which can be partly interpreted as a
sign of increasing outsourcing to KIBS), whereas a contraction is recorded in the high-
tech subsystem. At the end of the period, Italy still had the lowest degree of KIBS vertical
integration into manufacturing in the low-tech subsystem and the last position in KIBS
integration into the high-tech. Moreover, in this latter case, the gap vis-à-vis France and
Germany is increasing over time (Table 4). However, differently from what is observed for
the UK, in the case of Italy the overall scant degree of KIBS vertical integration into manu-
facturing subsystems is not related to the development of an advanced service economy, but
appears to be consistent with its high specialisation in traditional manufacturing sectors.23

To a large extent, these results reveal the crucial role played by tertiarisation in the
dynamics of structural change in the four countries analysed. Although services emerge

23 On Italy’s specialisation in traditional manufacturing sectors (see Fagerberg et al., 2000; Di Maio and Tamagni, 2008).
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ECONOMIC SYSTEMS RESEARCH 15

as an independent driving force for growth, i.e. KIBS are increasingly used by the services
sector itself (in line withMontresor andVittucciMarzetti, 2010), the analysis confirms that
KIBS employees are increasingly used directly and indirectly by themanufacturing subsys-
tems to satisfy manufacturing final demand.24 However, the degree of vertical integration
is deeply affected by the technological intensity of the subsystem and the country consid-
ered. Over the 1995–2005 period, KIBS vertical integration into manufacturing proved to
be concentrated in the most technologically advanced subsystems.

Therefore, whilst it is clear that all the four countries have undergone a process of ter-
tiarisation, differences in the rate of growth of KIBS and in the share of KIBS in total
employment have to be considered the result of the adjustment of the economic systems
to a knowledge-based production structure where the services sectors, mainly through
the KIBS, have played an essential role. Although the pattern of tertiarisation is country-
specific, these trends are consistent with the notion that modern industrial production is
characterised by a shift frommass production to ‘value’ production – changing the nature
of business by emphasising specialised, customised solutions and services over goods as
a major source of competitiveness (Falk and Jarocinska, 2010). Today, and especially in
advanced countries like the four considered by this study, competition takes place less
and less on the basis of the manufactured good itself, and increasingly more on the pack-
age of services that comes with it (planning, consulting, maintenance and repair, personal
instruction and training, etc.). KIBS imply extensive customer contact and client-specific
solutions and professional discretion; and they are characterised by a high degree of ‘intan-
gibility’. Therefore, the extent to which they contribute to satisfying the final demand of
manufacturing may be considered a proxy for the need of manufacturing firms to acquire
external intangible resources and enhance product differentiation.25

5.2. Manufacturing vertical integration and the use of KIBS: amore disaggregated
view

Whilst confirming the above general trends, a more disaggregated sectoral analysis pro-
vides additional insights on KIBS vertical integration into manufacturing, and it gives
better account of their heterogeneity.

In fact, although we observe a generally increasing use of each KIBS as we move from
low- to high-tech manufacturing subsystems, if we compare the trends of other business
services’, computer and related services’ andR&D services’ vertical integration intomanufac-
turing over time and across countries, we observe very differentiated degrees of industrial
interactions (Table 5).

Table 5 shows that the most directly and indirectly used category of KIBS is the ‘other
business services’ (which comprises several services), and that their use by manufactur-
ing subsystems generally increased over the decade in all the four countries studied. This
increasing diffusion may be related to the fact that these activities are relatively easier to
outsource, given the lower level of tacit knowledge which characterises them.Moreover, as

24 Results from the I-O OECD tables show that KIBS contribution to the whole service sector increased over the period from
10% to 13.6% in France; from 7.5% to 10.9% in Germany; from 7.7% to 12.4% in Italy; from 11.4% to 14.6% in the UK.

25 Although KIBS are characterised by a high degree of heterogeneity in terms not only of output but also of educational
requirements, occupational structures and skill base, ‘the core competences of combining different forms of knowledge
to produce a tradable output’ is common to all of them (Consoli and Elche-Hortelano, 2010).
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16 D. CIRIACI AND D. PALMA

Table 5. KIBS vertical integration into manufacturing subsystems by technological intensity,
1995–2005.

France Germany

Year Disaggregated KIBS L ML MHT HT Manufacturing L ML MHT HT Manufacturing

1995 Other business
services

9.10 8.37 13 12.53 10.91 6.85 7.05 8.93 8.31 8.13

Computer-related
services

1.27 1.30 1.90 2.03 1.59 0.27 0.40 0.38 0.57 0.37

Research and
development
services

0.32 0.84 2.52 4.17 1.51 0.01 0.06 0.09 0.03 0.06

2000 Other business
services

10.48 12.02 15.3 13.62 13.11 9.90 9.45 13.68 14.71 12.34

Computer-related
services

0.95 1.06 1.25 1.36 1.14 0.35 0.48 0.58 1 0.54

Research and
development
services

0.38 0.91 2.96 4.36 1.85 0.03 0.12 0.31 0.18 0.19

2005 Other business
services

10.94 12.95 15.67 12.34 13.54 11.96 12.35 16.07 15.15 14.65

Computer-related
services

1.08 1.14 1.41 1.70 1.29 0.34 0.66 0.75 1.04 0.66

Research and
development
services

0.43 0.92 3.24 5.87 2.07 0.02 0.09 0.16 0.14 0.11

Italy UK

L ML MHT HT Manufacturing L ML MHT HT Manufacturing

1995 Other business
services

4.24 6.31 6.94 5.86 5.54 7.57 6.94 8.76 7.51 8.09

Computer-related
services

0.54 0.89 0.98 1.37 0.78 0.93 1.25 1.62 1.85 1.36

Research and
development
services

0.23 0.37 0.50 0.51 0.36 0.17 0.20 0.26 0.15 0.21

2000 Other business
services

5.87 8.40 9.25 6.81 7.57 7.78 6.43 9.14 9.17 8.45

Computer-related
services

0.74 1.22 1.29 0.88 1.02 1.12 1.14 1.61 1.54 1.38

Research and
development
services

0.27 0.38 0.52 0.54 0.39 0.16 0.16 0.26 0.32 0.22

2005 Other business
services

6.72 9.36 9.80 5.72 8.32 7.77 7.11 9.16 6.95 8.36

Computer-related
services

0.90 1.48 1.49 0.93 1.22 0.86 0.92 1.23 1.06 1.05

Research and
development
services

0.31 0.44 0.58 0.55 0.45 0.14 0.16 0.21 0.19 0.18

Source: Authors’ calculations on OECD STAN I-O database, 2010 edition.
Note: KIBS vertical integration into low-tech (L), medium-low-tech (ML), medium-high-tech (MH), high-tech (H) manufac-
turing sectors subsystems and manufacturing.

we move from low- to medium/high-tech manufacturing subsystems, KIBS’ employment
contribution to final demand increases. Instead, a slight decrease is often observed in the
high-tech subsystems, compared to the medium/high-tech ones.

If we compare the ‘other business services’ contribution to manufacturing demand
among the countries considered, a high degree of heterogeneity emerges. The share of
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ECONOMIC SYSTEMS RESEARCH 17

employees of ‘other business services’ directly and indirectly used to satisfy the final
demand of the four manufacturing subsystems is always higher in France and Germany
(with the sole exception of the low-tech subsystem in 1995) than in Italy and the UK. Actu-
ally, the most dynamic growth in ‘other business services’ contribution to manufacturing
final demand is observed in Germany and Italy. However, whilst in Germany from 1995 to
2005 the pace of growth of the share of employees in other business services which satisfy
the final demand of manufacturing increases as we move from the medium/high to the
high-tech subsystems, in Italy it decreases (see Table 6).

In France, in 2005, other business services account for 10.9% and 13% of the total
employment needed to satisfy the final demand for low andmedium/low-tech subsystems’
products, respectively. The share is significantly higher in the case of medium/high-tech
manufacturing subsystems (15.7%), whilst a more similar contribution to final demand is
observed for the high-tech subsystem (12.3%). A somehow analogous pattern characterises
the vertical integration of the ‘other business services’ in Germany in the same year (2005),
as a result of a catching-up process that took place over the period. The German share of
employees formally employed in ‘other business services’ but who satisfy the final demand
of low and medium/low manufacturing subsystems is in line with that of France (almost
12% and 12.3%, respectively), but higher than in France in the case of the medium/high-
and high-tech subsystem (16.1% vs. 15.7% and 15.2% vs. 12.3%, respectively). This sug-
gests that the increase in external legal, marketing and advertising, business consulting
and human resource development services played a prominent role in the advance of the
German manufacturing sector.

A more clear-cut structural relationship between KIBS and manufacturing subsystems
by technology intensity is apparent in the case of computer and related services. The share
of employees formally employed in such services, but working to satisfy the final demand
of manufacturing products, generally increases as we move from low-tech to the high-
tech subsystem.26 Concurrently, the vertical integration of computer and related services
decreases over the decade across all four manufacturing subsystems in France and in the
UK, whereas it increases in Italy (in all the subsystems except the high-tech one) and Ger-
many (which in 1995 recorded the lowest computer and related services vertical integration
intomanufacturing; see Table 5). However, the vertical integration of computer and related
services intomanufacturing subsystems inGermany remains, on average, lower than in the
other three countries: computer and related services in Germany contribute to a relatively
greater extent to satisfying the final demand of the computer and related services subsys-
tem itself (85.8% vs. 70.5% in France, 66.3% in Italy and 61.7% in the UK). This finding
suggests that German manufacturing firms have developed computer and related services
internally. The opposite is found for France, where the vertical integration of computer
and related services remains, on average, higher than in the other three countries in all
subsystems.

Also in the case of R&D services, in all the countries examined we observe an increas-
ing contribution to the final demand of manufacturing as we move from low to medium
high-tech subsystems. Furthermore, in France, Germany and Italy, the vertical integration
of R&D services increases over the decade in allmanufacturing subsystems (see Table 6). In

26 The only exceptions to this general trend are found in 2000 and 2005 in the cases of Italy and the UK, where we observe
a lower vertical integration of information services in high-tech subsystems than in medium/high-tech ones.
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Table 6. % changes in KIBS vertical integration into manufacturing subsystems by technological intensity, 1995–2005.

France Germany

Years
Disaggregated

KIBS L ML MHT HT Manufacturing L ML MHT HT Manufacturing

Var. 2000–1995 Other business services 15.22 43.62 17.67 8.72 20.14 44.47 34.05 53.15 77.02 51.66
Computer-related services −25.21 −18.12 −33.96 −33.22 −28.28 29.06 20.75 51.81 76.08 46.05
Research and development services 18.98 8.16 17.62 4.45 22.81 164.86 100.95 249.10 507.95 238.02

Var. 2005–2000 Other business services 4.34 7.73 2.44 −9.42 3.30 20.85 30.68 17.50 2.99 18.76
Computer-related services 13.71 7.10 12.37 25.40 13.24 −2.43 36.64 30.01 3.62 21.61
Research and development services 12.94 1.26 9.31 34.77 11.78 −24.49 −25.35 −49.08 −23.24 −44.29

Var. 2005–1995 Other business services 20.22 54.72 20.54 −1.52 24.11 74.60 75.18 79.96 82.31 80.11
Computer-related services −14.96 −12.31 −25.79 −16.26 −18.78 25.93 65 97.37 82.46 77.61
Research and development services 34.38 9.52 28.57 40.77 37.29 100 50 77.78 366.67 88.30

Italy UK

L ML MHT HT Manufacturing L ML MHT HT Manufacturing

Var. 2000–1995 Other business services 38.37 33.13 33.32 16.21 36.66 2.81 −7.38 4.34 22.08 4.52
Computer-related services 36.12 36.66 32.13 −35.96 30.77 20.70 −8.92 −0.37 −16.99 1.73
Research and development services 18.24 4.05 4.23 6 10.50 −6.12 −18.81 −0.77 110.54 4.63

Var. 2005–2000 Other business services 14.54 11.43 5.92 −16.01 9.86 −0.17 10.61 0.22 −24.19 −1.15
Computer-related services 22.44 21.68 15.07 6 19.32 −23.39 −19.19 −23.79 −30.97 −24.03
Research and development services 13.99 14.29 11.29 1.74 13.19 −12.28 −1.46 −18.61 −39.84 −18.40

Var. 2005–1995 Other business services 58.49 48.34 41.21 −2.39 50.13 2.64 2.45 4.57 −7.46 3.32
Computer-related services 66.67 66.29 52.04 −32.12 56.03 −7.53 −26.40 −24.07 −42.70 −22.72
Research and development services 34.78 18.92 16 7.84 25.07 −17.65 −20 −19.23 26.67 −14.63

Source: Authors’ calculations on OECD STAN I-O database, 2010 edition.
Note: Changes in KIBS vertical integration into low-tech (L), medium-low-tech (ML), medium-high (MH), high-tech (H) manufacturing sectors subsystems.
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ECONOMIC SYSTEMS RESEARCH 19

theUK, instead, their vertical integration increases only in the case of the high-tech subsys-
tem,whilst it decreases in the other three. Concurrently, and notwithstanding these general
trends, the pace at which R&D services’ contribution to the different manufacturing sub-
systems grew over the period 1995–2005 significantly differs across countries, confirming
the existence of profound structural differences among them. In particular, in Germany
and France the pace of growth of the share of employees formally employed in the R&D
services sector, but that directly and indirectly satisfy the final demand of manufacturing,
is higher in the high-tech subsystems (in Germany this increase is striking because of the
very low initial share in 1995). The opposite is observed for Italy, where R&D services
appear to be increasingly directly and indirectly used by the low and the medium/low-
tech subsystems. Overall, France has the highest R&D services employment contribution
to the four manufacturing subsystems, followed by Italy, the UK and Germany. However,
whilst in France and Germany we observe a much greater contribution of R&D services to
medium/high and high-tech subsystems than to low and medium/low-tech ones, a much
lower difference is found in Italy and the UK. The weaker role of R&D services in the UK
can be still explained by their growth as a services sector tailored to the innovation of other
services sectors, in line withwhat was observed for the other two services sectors belonging
to KIBS, whilst this is not the case (as already pointed out) for Italy.

6. Concluding remarks

This study has not focused on knowledge-intensive business service sectors per se, but
rather on their function as carriers and sources of knowledge which influences the per-
formance of sectors, value chains and clusters across industries and within countries. The
empirical evidence presented shows that KIBS’ contribution to satisfying the final demand
of manufacturing is generally largely underestimated, which leads to overestimation of the
decline of the manufacturing sectors relative to services and to underestimation of their
share in the economy. In the presence of strong inter-sectoral linkages and outsourcing
from manufacturing to KIBS, the use of a Leontief approach to I-O leads to underesti-
mation of the contribution of those sectors which rely most on intermediate inputs from
the rest of the economy to satisfy their final demand. Concurrently, it leads to overesti-
mation of the role of those sectors most used as intermediate inputs by the rest of the
economy (such as KIBS). This under/overestimation bias of the Leontief approach to I-O
is likely to increase over time, along with the outsourcing trend observed in recent decades
in industrialised economies.

The empirical analysis also confirmed an increasing blurring of the sectoral boundaries
between KIBS and manufacturing sectors in France, Germany, and Italy over the period
1995–2005. Besides this tertiarisation trend, the I-O analysis showed a ‘strengthening’ of
the direct and indirect contribution of KIBS to manufacturing final demand in these three
economies, confirming them as closely (and increasingly) linked to the manufacturing
sector. In the UK, instead, the analysis showed that service integration in manufacturing
subsystems initially increased, whilst it decreased from 2000 onwards, when a huge pro-
cess of tertiarisation took place. Moreover, the analysis illustrated that, whilst France and
Germany have developed KIBS to support their overall industrial advancement, service
specialisation in the UK has been oriented to creating a solid services sector largely inde-
pendent from industry and competitive in its innovative performance. In Italy, we observe
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20 D. CIRIACI AND D. PALMA

a weak KIBS vertical integration into the fourmanufacturing subsystems, which is the out-
come of its overall awkward innovation performance (Fagerberg et al., 2000; Ciriaci and
Palma, 2008; Di Maio and Tamagni, 2008) more than a structural tendency to develop an
advanced services sector.

Furthermore, the ‘strength’ of these vertical linkages is deeply affected by the technologi-
cal intensity of themanufacturing sector considered. Although KIBS vertical integration in
medium/high- and high-tech manufacturing subsystems is the outcome of very country-
specific patterns with different time evolutions, it is generally increasing over time and
higher than in the medium/low- and low-tech ones in the majority of the countries
considered.

These findings suggest two interdependent considerations. As the ‘KIBS’ content of a
manufacturing good can be seen as a means to increase product differentiation, our results
are in line with previous evidence showing that competition in advanced countries increas-
ingly relies on product quality. This conclusion is strengthened by the consideration that, to
the extent that technological intensity is considered a good proxy for product quality, our
findings also suggest that, ceteris paribus, the direct and indirect contribution of ‘KIBS’
to the satisfaction of manufacturing final demand is higher, the better the ‘quality’ of a
manufacturing product.

From a policy point of view, our findings highlight the need to adopt a more integrated
and horizontal approach to industrial policies and to conduct correct evaluation of the
interdependent role of manufacturing and KIBS in an economy, paying closer attention
to their role in shaping the dynamics of structural change. They reveal the need for care-
ful assessment of the importance of inter-sectoral knowledge-based value chains as changes
in how and the extent to which KIBS are delivered when seeking to enhance EU manu-
facturing competitiveness. Clearly, close attention should first be paid to the role played
by the technological structure of the manufacturing sector in each country’s production
system in order to identify possible bottlenecks which may hinder the development of
sound knowledge-based value chains. Concurrently, closer integration between KIBS and
manufacturing may be fostered with industrial policies promoting networks and coop-
eration among small service enterprises and manufacturing ones; and the formation of
clusters including the joint development of service and manufacturing activities in spe-
cific fields. As a way forward, we believe that the crucial policy question is whether the
country heterogeneity that emerged from the analysis is inherent to how competitive mar-
kets operate and evolve over time, or whether it also depends on policy and institutional
settings which could be amenable to reforms in the context of a competitiveness-oriented
industrial strategy – an aspect which warrants further investigation. These results also call
for an integrated view of the impact of different policies on inter-sectoral value chains.
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