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Abstract

The competitiveness of European countries is a constant concern in an environment dominated by the globalization of markets.
Export competitiveness is an important dimension of a country’s competitiveness. On top of that, in support to competitiveness,
innovation is considered as a strong variable according to the Schumpeterian framework. This paper explores the relationship
between technological change and international trade according to the OECD technological classification and the United Nations
International System of Industrial Classification third revision for the 2 and 3 digit divisions of the manufacturing sector industry.
An exploratory analysis is carried out on four European countries, namely on Belgium, France, Germany and Italy, over the period
2000-2007. The comparative analysis reveals stylized evidence based on annual growth rates of the share of exports in production,
and the share of R&D intensity in production. The inferred conclusions from this preliminary inspection point towards a link
between technological change and exports, although the conclusions cannot be generalized.
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“In contrast to many other fields of economic theory, international trade theory has traditionally kept the importance of technical change in
explaining international trade flows or the international ‘competitiveness’ of a country or an industry at the centre of much economic debate”

Dosi and Soete (1990: 401)

1. Introduction

Competitiveness has increasingly gained currency across the globe. The international trade theories explain that
different countries have different comparative advantages. Thus, if a country is rich in natural resources or capital, it
has a comparative advantage over the others (Porter, 1990). However, in the current knowledge economy, knowledge
as a resource has no natural home base and can be transferred easily anywhere in comparison to natural resources.
This has made the XXI century more and more competitive (Pillania, 2009).
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The concept of competitiveness thus involves static and dynamic components, being the determinants of
competitiveness many and complex. In the Global Competitiveness Report (Schwab, 2011), several open-ended
dimension providing a weighted average of many different components are grouped into 12 pillars of economic
competitiveness (Figure 1). Innovation appears as a key factor for competitiveness of enterprises, research facilities
and regions within the European Union to achieve goal of innovation — driven economies.

Figure 1. The twelve pillars of competitiveness
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Source: Schwab (2011), The Global Competitiveness Report 2011-2012.

The European Union is continuously trying to enhance its international competitiveness and to find new sources of
growth by using intangible assets such as innovation, science and entrepreneurship.

At the time of global financial and economic crisis, and mounting political and social pressures, innovations are
increasingly seen as a vital boost to development, economic growth and job creation, and essentially, the key goal -
competitiveness. This trend has been reflected in a shift in national policies and even supranational agendas like the
EU's Innovation Union and the OECD's Innovation Strategy. It can be noted that increased concentration on the
knowledge triangle — education, research, innovation — is in fact a common trait to all fast-growing and competitive
economies (Vaidere, 2011).

It is important to perform an analysis on technological change and international trade in order to drive some
conclusions on external competitiveness issues related to technological intensity of industrial manufacturing sectors
and international trade. At this stage of the present study the focus will be on an exploratory study among the variables
related to technological change and exports of selected EU leading countries in foreign trade.

The purpose of the present study is to investigate the contribution of technological innovation change, measured by
annual rate of growth for R&D intensity, on the exports of four EU countries, measured by the annual rate of growth
for export share in production by industry. To better understand this contribution a cross-correlation analysis will be
used.

The present paper is organized as follows: after the introduction, section 2 briefly reviews the available literature on
the relationship between technological change and international trade. Section 3 deals with the comparative and
descriptive analysis, and presents stylized evidence on the empirical relationship between technological change and
exports. Conclusions are presented in section 4.

2. Brief review of the literature on technological change and international trade

According to Belderbos, Duvivier and Wynen (2009), Cassiman and Martinez-Ros (2007) and Becker and Egger
(2007), some determinants of successful exports are investments in capital and technologies which contribute to higher
labour productivity, and the introduction of innovations, which are associated with export decisions. The relationship
between innovation and foreign trade has been many times interpreted as an indicator of the non-price competitiveness
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of a nation’s products (Buxton, Mayes and Murfin, 1991), and export success is used as one explanation for the
nation’s differences in world trade performances.

Several authors (e.g. Crepon, Duguet and Mairesse, 1998; Huergo and Jormandreu, 2004; Griffith et al., 2005) have
associated the performance of exporting firms to firm-level technological advantages based on R&D. In recognizing
the relationship between R&D and innovation as a driver for productivity, some empirical studies have examined the
relationship between exports and various measures of innovation and technological capabilities (Belderbos, Duvivier
and Wynen, 2009). Some of this studies, confirmed a positive relationship between exports and firms’ R&D
expenditures (e.g. Aw, Roberts and Winston, 2007; Aw, Roberts and Xu, 2008; Belderbos and Sleuwaegen, 1998;
Basile, 2000; Sterlacchini, 1999). The study of Lefebvre, Lefebvre and Bourgault (1998) found that R&D
collaboration with external partners is related with export performance. Rodriguez and Rodriguez (2005) analysed the
relationship between the firm's technological capacity and its export behaviour, and conclude that the technological
capacity of the firm is a key factor in its international competitiveness. Sterlacchini (1999) found that investments in
product design activities and pre-production development efforts lead to export success.

Other studies have focused on the effect of the introduction of product and/or process innovations on exports,
which may create or sustain on enterprises a competitive advantage in foreign markets (e.g. Becker and Egger, 2007,
Cassiman and Martinez-Ros, 2007; Rodriguez and Rodriguez, 2005; Roper and Love, 2002; Wakelin, 1997, 1998).
Some authors (Becker and Egger, 2007; Cassiman and Martinez-Ros, 2007) conclude that product innovation is more
important than process innovation for firms’ propensity to engage in export activities. Product innovations seem to be
more important for foreign market entry instead process innovation seems to contribute to sustain export positions in
the established foreign markets (Belderbos, Duvivier and Wynen, 2009). Overall, the existing literature indicates that
innovation has become a major underlying force of exporting.

According to Roper and Love (2002) and Wakelin (1998) there are two main theoretical perspectives on the
relationship between innovation and trade. The first is related to the ‘neo-endowment’” models based on the
specialisation on factor endowments of materials, labour capital and more recently human capital and knowledge; and,
the second is linked with the technology models, such as the technology-gap theory of trade (Posner, 1961) and the
life-cycle approach to trade (Vernon, 1966). But, we can add to these ones the Neoschumpeterian perspective (for
example, Fagerberg 1988, Fagerberg, Srholec and Knell, 2007; Meliciani, 2002), and the resource based view (e.g.
Penrose, 1959; Barney, 1991, Rodriguez and Rodriguez, 2005).

The empirical literature supports the significant relationship between technological innovation and trade (Amable
and Verspagen, 1995; Amendola, Dosi and Papagni, 1993; Fagerberg, 1988, 2007; Greenhalg, 1990; Gross and
Helpman, 1991; Laursen, 1999; Laursen and Meliciani, 2000; Meliciani, 2002; Montobbio, 2003; Montobbio and
Rampa, 2005; Wang and Guan, 2009). And many empirical research studies find evidence in the relation between
innovation and trade (e.g Roper and Love, 2002; Wakelin, 1998; Anderton,1999; loannidis and Schreyer, 1997,
Kumar and Siddharthan, 1994; Lefebvre, Lefebvre and Bourgault, 1998). In most empirical studies, R&D is used as a
technology proxy (Bloom, Draca and Van Reenen, 2011; Dosi and Soete, 1988, Dosi and Soete, 1990).

In the past two decades, the globalization of technology has increased both international trade and innovative
activities in some sectors related to electronics, physics, and pharmaceutical at a world level (Montobbio and Rampa,
2005). Thus, consistent cross-country and cross-sector evidence is available for the OECD economic area. Fewer
studies are available that focus exclusively on the European Union member states. So, with this in mind, the present
research is studying four European countries and analysing annuals rates of growth for export shares and for R&D
intensity in production by industry. The aim of this study is to identify some stylized evidence and analyse the
contribution of technological change, measured by R&D intensity, to export growth for the selected EU member
states.

3. Descriptive data analysis and stylized evidence

To explore the relationship between technological change and exports, it is important to take a closer look at how
fast all industrial sectors, classified by the United Nations International System of Industrial Classification revision 3
(ISIC Rev.3), have evolved from 2000 to 2007, both in terms of innovation and international trade. One way of
looking at the relationship between technological activity and international trade is through an exploratory data
analysis. Thus, it is important to bear in mind that the number of results derived from this kind of approach are limited
considering the bulk of theoretical and empirical literature reviewed in the previous section. All data is valued at
current prices and from OECD Structural Analysis STAN Databases. Cross-correlation coefficients are calculated to
compare data of two tables from OECD Structural Analysis STAN Databases. They are measured using the Pearson
product moment correlation coefficient, obtained by dividing the covariance of the two variables by the product of
their standard deviations. The descriptive data analysis will reveal stylized evidence by comparing the export structure
and innovation structure in four European countries, namely in Belgium, France, Germany and Italy. The country
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choice has been primarily dictated by data availability. These countries are also important countries of the European
Union manufacture and export market.

Table 1 reports the aggregate growth rate in terms of export share of production by industry. The export share of
production is an indicator which highlights the export effort and it is calculated in terms of exports as a percentage of
production. The export share of production shows the importance of the foreign market for a given industry in a
country. This indicator may change over time as supply and demand conditions change in foreign and domestic
markets. In some cases, exports can exceed production. This can occur in three cases. First, when exports include re-
exports and this particularly concerns Belgium where there is a significant amount of transit trade. Second, the
production data is usually based on Industrial Surveys which record establishment’s primary activities and for this
reason activities that are mainly secondary may be understated in terms of production by not being allocated to the
relevant ISIC code while exports of the related commodities are allocated to that ISIC code. Third, exports can exceed
production when bias is introduced by the conversion from product-based trade statistics to activity-based industry
statistics for certain sectors for certain countries.

Table 2 reports the annual growth rates for R&D intensity using production. The variable which deals with
innovation is R&D intensity using production, and it is calculated in terms of R&D expenditures as a percentage
of production. The indicator is not always available for recent years due to the difference in coverage between R&D
and production data by country. The data for France is therefore used only for the year 2006.

Table 1. Annual rate of growth for export share in production by industry (2000-2007)

le‘]).C-? Industry Belgium France Germany Italy
Total manufacturing 2.5 0.8 23 1.3
15-16 Food products, beverages and tobacco Low-tech 1.8 0.4 3.7 3.0
15 Food products and beverages Low-tech 1.6 0.4 35 3.0
16 Tobacco products Low-tech 6.4 34 8.7 8.6
17-19 Textiles, textile products, leather and footwear Low-tech 4.7 4.1 34 0.9
17-18 Textiles and textile products Low-tech 4.0 3.5 3.1 1.4
17 Textiles Low-tech 2.5 1.9 1.6 1.1
18 Wearing apparel, dressing and dyeing of fur Low-tech 6.9 5.5 5.5 2.1
19 Leather, leather products and footwear Low-tech 6.5 52 4.6 -0.3
20 Wood and products of wood and cork Low-tech -1.8 0.1 52 -0.2
21-22 Pulp, paper, paper products, printing, publishing Low-tech 12 0.3 3.7 0.6
21 Pulp, paper and paper products Low-tech 2.0 0.7 1.5 1.9
22 Printing and publishing Low-tech -0.3 -0.2 6.2 -1.9
23-25 Chemical, rubber, plastics and fuel products Medium- low-tech 3.5 1.4 34 3.6
23 Coke, refined petroleum products, nuclear fuel Medium- low-tech -2.5 3.8 5.6 8.2
24 Chemicals and chemical products Medium- low-tech 5.8 1.3 34 3.5
244 Pharmaceuticals High-tech 8.6 2.8 4.6 39
25 Rubber and plastics products Medium- low-tech 1.8 1.2 32 3.1
26 Other non-metallic mineral products Medium- low-tech 2.0 2.7 4.1 -2.3
27-28 Basic metals and fabricated metal products Medium- low-tech 1.9 2.5 2.5 4.5
27 Basic metals Medium- low-tech 1.9 2.5 0.9 7.1
28 Fabricated metal products, except machinery Medium- low-tech 0.3 1.0 3.1 1.0
equipment
29-33 Machinery and equipment Medium- low-tech 3.6 1.2 1.6 1.0
29 Machinery and equipment Medium- low-tech 1.8 2.1 22 1.9
30-33 Electrical and optical equipment Medium- low-tech 49 0.8 1.1 -0.8
30 Office, accounting and computing machinery High-tech -8.0 4.7 0.7 -8.3
31 Electrical machinery and apparatus Medium- high-tech 55 1.8 35 2.5
32 Radio, television and communication equipment High-tech 5.4 -0.5 -3.6 -2.4
33 Medical, precision and optical instruments High-tech 3.8 4.7 2.8 0.1
34-35 Transport equipment Medium- high-tech 2.9 0.1 0.7 0.9
34 Motor vehicles, trailers and semi-trailers Medium- high-tech 2.7 0.9 1.2 24
35 Other transport equipment High-tech 5.8 -1.7 -2.1 -2.0
353 Aircraft and spacecraft High-tech 0.4 -1.5 -2.9 -6.0
Standard deviation 3,1 2,1 2,5 34

Source: own calculations using data from OECD Structural Analysis STAN Databases.

Notes: industrial sectors are classified following the OECD technological classification in low-tech, medium-tech and low-tech, and high-tech

industries. Numbers are expressed as a percentage.
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In particular, stylized evidence displayed in Table 1 and Table 2, suggests that the annual aggregate growth rate in
terms of R&D intensity in production in the technology intensive sectors is higher than the annual growth rate of all
manufacturing sectors in all four countries. Thus, there are sectors where this is not the case: radio, television and
communication in Germany; other transport equipment in France and Germany; pharmaceuticals in Germany and
Italy. It can also be seen from the tables that the annual growth rates in terms of exports is much higher in the
technology intensive sectors when compared to the total annual manufacturing growth rate. There are exceptions,
however: the sectors of office, accounting and computing machinery in Belgium and Italy; radio, television and
communication equipment in France, Germany and Italy; aircraft and spacecraft in France and Germany; and other
transport equipment in all countries except Belgium. It can also be seen from the tables below that growth rates in
terms of trade and technology are related to each other. When sectors grow faster than the average of the total in
technology, sectors also seem to grow faster in terms of exports. There are some exceptions, namely in low-tech
sectors, such as textiles, footwear and leather, wearing apparel, dressing and dyeing of fur, pulp, paper and paper
products; basic metals, and machinery equipment.

Table 2. Annual rate of growth for R&D intensity in production by industry (2000-2007)

ISIC Industry Belgium France Germany Italy
Rev. 3

Total manufacturing -1.0 1.7 -1.2 2.0
15-16 Food products, beverages and tobacco Low-tech 0.0 3.6 0.1 0.1
15 Food products and beverages Low-tech 0.1 0.1 0.1 0.1
16 Tobacco products Low-tech 9.5 7.1 5.7 0.1
17-19 Textiles, textile products, leather and footwear Low-tech 2.0 6.1 0.1 14.3
17-18 Textiles and textile products Low-tech -4.8 6.1 0.1 14.3
17 Textiles Low-tech -2.0 8.3 0.1 9.5
18 Wearing apparel, dressing and dyeing of fur Low-tech -23.8 0.1 0.1 14.3
19 Leather, leather products and footwear Low-tech 5.0 0.1 0.1 14.3
20 Wood and products of wood and cork Low-tech -7.1 0.1 0.1 0.1
21-22 Pulp, paper, paper products, printing, publishing Low-tech -7.1 0.1 7.1 14.3
21 Pulp, paper and paper products Low-tech 4.8 0.1 -7.1 7.1
22 Printing and publishing Low-tech -42.9 0.1 14.3 14.3
23-25 Chemical, rubber, plastics and fuel products Medium- low-tech -1.2 0.5 2.7 -4.8
23 Coke, refined petroleum products and nuclear fuel Medium- low-tech -14.3 -7.1 7.1 0.1
24 Chemicals and chemical products Medium- low-tech 1.3 1.2 -2.8 -4.3
244 Pharmaceuticals High-tech 3.6 0.5 -2.4 -7.1
25 Rubber and plastics products Medium- low-tech 43 2.6 1.1 7.1
26 Other non-metallic mineral products Medium- low-tech -6.1 -1.3 -7.1 7.1
27-28 Basic metals and fabricated metal products Medium- low-tech -5.7 0.1 -7.1 7.1
27 Basic metals Medium- low-tech -7.1 -2.0 -3.6 7.1
28 Fabricated metal products, except machinery and Medium- low-tech -7.1 0.1 -2.9 7.1

equipment
29-33 Machinery and equipment Medium- low-tech 0.9 2.3 -1.0 -1.2
29 Machinery and equipment Medium- low-tech 1.7 1.4 -1.4 5.4
30-33 Electrical and optical equipment Medium- low-tech 2.5 3.6 -0.7 -4.5
30 Office, accounting and computing machinery High-tech 6.6 83 32 1.2
31 Electrical machinery and apparatus Medium- high-tech 5.7 4.1 2.0 -2.9
32 Radio, television and communication equipment High-tech 3.1 5.5 -7.5 -5.7
33 Medical, precision and optical instruments High-tech 7.2 1.4 2.0 3.8
34-35 Transport equipment Medium- high-tech 1.6 3.0 -3.5 1.5
34 Motor vehicles, trailers and semi-trailers Medium- high-tech 0.1 49 2.7 0.1
35 Other transport equipment High-tech 6.2 -0.3 -8.8 2.1
353 Aircraft and spacecraft High-tech 8.1 -1.1 -7.0 3.1

Standard deviation 10,1 32 4.8 6,5

Source: own calculations using data from OECD Structural Analysis STAN Databases.
Notes: industrial sectors are classified following the OECD technological classification in low-tech, medium-tech and low-tech, and high-tech

industries. Numbers are expressed as a percentage.

The cross-correlation coefficient varies from 0,3 to 0,6 for low-tech industries in Belgium, France and Germany,
respectively, but it is negative in the case of Italy. In medium and low-tech sectors the coefficients range from -0,34,
0,03, 0,4 and 0,8 for France, Italy, Germany and Belgium respectively. In the high-tech industries cross-correlation
coefficients are positive for France and Germany with 0,47 and 0,72 respectively, and show negative figures of -0,51
and -0,53 for the remaining countries in Italy and Belgium respectively. So, the relation between technological
innovation on the exports are more evident in the low-tech and high-tech industries for the Germany case; while
Belgium have a strong relationship between medium and low-tech sectors and exports. Italy and Belgium have a
negative relation between high-tech industries with technological innovation. The results also display that the annual
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growth rates in relation to the mean, measured by the standard deviation, are more dispersed across sectors in
technological activity than for the annual growth rates in trade across sectors.

4. Conclusions

The present exploratory and preliminary analysis is applied to the four EU countries with the purpose to evaluate
the relationship between innovation technology, measured by annual growth rates of R&D in production, and foreign
trade with the annual growth rates of exports in production for several industrial manufacturing sectors. Further
conclusions are derived by applying the OECD technological classification of to provide stylized evidence on the link
between technological innovation and foreign trade.

At this stage, we can infer, as far as it goes, that there is a connection between technological innovation and
exports, as indicated by the calculated correlation coefficients. The descriptive analysis sheds some light on the type of
technological improvements that may be related to export performance at the country level. Export performance may
depend upon a diffused relative technological improvement in every sector, upon the type of technological
specialization (high versus low technological opportunities), or finally, upon the ability to adapt, upgrade, and enter
innovative sectors. Furthermore, the results cannot be generalized and it is important to keep in mind that the
methodology followed here is of a preliminary and exploratory nature. Future research should therefore use more
advanced research tools, such as econometric models, to study the connection between technological innovation and
international trade.
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