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Abstract: Trade, foreign direct investment and interregional R&D spillovers facilitates 
competition and the spread of knowledge and the adoption of more advanced 
technologies, which hastens total factor productivity (TFP) growth. Nevertheless the 
spread of these efficiency gains from internationalisation requires a sufficiently local 
knowledge to adapt them to the domestic productive environment. Thus, local 
knowledge accumulation (i.e. higher R&D effort and better educated workers) and 
internationalisation will lead to TFP growth and the greater the complementarity 
between variables the higher the TFP growth. We test the empirical validity of the 
complementarity hypothesis using Spanish regional data over the period 1980-1995 in 
which both regional local knowledge and internationalisation experienced a notable 
increase. 
Keywords: Trade, foreign direct investment, knowledge spillovers, R&D stock, human 

capital, TFP, industry, Spanish regions. 
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1. INTRODUCTION 

From Solow’s work (1957) onwards, a significant part of the literature on economic 

growth has concentrated on the determinants of total factor productivity (TFP) growth, 

that is, output growth that cannot be explained by the accumulation of traditional 

production factors such as capital and labour. Among the major determinants the 

endogenous growth literature has included internationalisation, R&D effort and human 

capital accumulation. In this paper we examine the interactions between these three 

factors to deep our understanding on the role they play in enhancing productivity 

growth by looking at the experience of the Spanish regions over the period 1980-1995. 

There are different ways in which the internationalisation of an economy, leading to 

technological progress, can affect the TFP growth. First, greater trade openness and 

foreign direct investment, stemming from commercial liberalisation or deeper market 

integration, leads to competition that encourages the creation or adoption of new 

technologies and the increase of more efficient activities, resulting in greater 

productivity (Edwards, 1998; Holmes and Schmitz, 2001). Second, openness facilitates 

the adoption of new technologies by means of direct access to a greater variety of 

intermediate goods, or to technologically improved input goods that embody those new 

technologies (Scherer, 1984; Coe and Helpman, 1995). Third, international trade 

encourages the exchange of information and ideas between economic agents; this kind 

of technological-spillover from trade also affects positively productivity (Grossman and 

Helpman, 1991; Parente and Prescott, 1994). 

A second strand of TFP growth literature analyses the importance of local 

knowledge factors such as domestic research and development stock and investment in 

education and professional qualification by workers (Romer, 1990; Mankiw et al., 

1992). While there is consensus on the significant impact of domestic R&D on TFP 

growth (Griliches, 1995; Coe and Helpman, 1995), the empirical evidence shows a 

weak positive role of education in economic growth (De la Fuente and Doménech, 

2000; Temple, 2001; Pritchett 2001).  

In this paper we seek to analyse the importance of the interaction between 

internationalisation (imports and exports, foreign direct investment, technological 

spillovers) and local knowledge accumulation (domestic R&D efforts and percentage of 

highly educated workers) as determinants of TFP growth.  Pissarides (1996) synthesises 

the reasons why workers may be more productive when the economy is exposed to 

international competition, and looking at the question from the opposite perspective, 
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how the positive effects of greater internationalisation may be related to the technical 

capacity by local workers. Firstly, trade is an activity that requires certain skills, as the 

goods usually involved in trade are of a higher quality than those produced and 

consumed domestically, and penetration and maintenance of foreign markets is more 

complex than for local markets. These circumstances may be even more accentuated in 

the case of industrial products. An economy with a greater endowment of local 

knowledge may take better advantage of the benefits of trade by importing more 

sophisticated capital goods and use them to produce better quality goods, with which it 

will be able to compete better with the products of other economies. Secondly, greater 

openness leads to better performance of human capital and R&D effort. This is because 

its potential market will be greater and opportunities for the development of new 

products will increase, and in connection to this, skilled individuals will have more 

incentives to carry out activities that contribute to the national product to a greater 

extent. 

A novelty of this paper is to test the hypothesis that complementarities between 

internationalisation and local knowledge reinforces their individual effect on TFP 

growth. To do that we use homogeneous and comprehensive regional data (the set of 

NUTS2 Spanish regions1) rather than country level data, where so far there are not 

conclusive results.2 If we assume that technology is a public good, and therefore, it can 

freely move across borders, difficulties and costs of transmission of knowledge across 

countries are not related with tangible or measurable factors but with idiosyncratic, 

cultural or social factors, (different language, religion, risk aversion, …) that are very 

difficult to control for in the analysis and can distort the results. Moving from an 

international to an interregional framework may be the solution which lessens the effect 

of the differences in those unobservable determinants of TFP growth between countries. 

Given that regions within a country are supposed to be more homogeneous in those 

aspects which are difficult to control for in the analysis, results from an interregional 

                                                 
1 NUTS is the French acronym for Nomenclature of Territorial Units for Statistics, a hierarchical 

classification established by EUROSTAT to provide comparable regional breakdowns of EU Member 

States. 
2 In an international context Coe and Helpman (1995), Engelbrecht (1997) and Frantzen (2000) find 

evidence in favor of a positive impact of R&D through trade on TFP growth. Other authors such as 

Lichtenberg and Van Pottelsberghe (1998), Keller (1998), Kao et al. (1999), Funk (2001) and Del Barrio 

et al. (2002) criticize and qualify these results. 
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analysis would be less affected by those problems than those obtained from an 

international sample. 

In this regional framework, trade can be verified between regions and from an 

international perspective, between each region and the rest of the world. In this case, if 

knowledge spillovers are not transmitted costlessly with respect to geographical 

distance (Audretsch and Feldman, 1996; Keller, 2002), those coming from interregional 

trade would be more intense than the ones linked to international trade.  

Most trade flows are interregional; for Spain, Oliver (2003) estimates that eighty 

percent of total Spanish good exchanges take place between regions. Nevertheless, the 

technological gap of Spanish economy with respect to other developed economies 

implies that most of innovations are generated abroad. Therefore, we consider both 

interregional and international R&D spillovers using bilateral trade flows among 

Spanish regions and between Spanish regions and foreign countries.  

We restrict our analysis to manufacturing industry in Spanish regions. There are two 

reasons for such a decision. Firstly, labour productivity is more accurately measured 

using industry data, excluding agriculture and non-market services which may cause 

severe measurement distortions in some regions. Secondly, it could be reasonably 

argued that the remarkable transformations that took place in the Spanish economy over 

the period 1980-1995 will have larger impact on manufacturing TFP growth: reforms in 

the education system, industrial restructuring, and accession to the EU.3 

The results obtained for the Spanish regions in the period from 1980 to 1995 

confirm the importance of both local knowledge and internationalisation as 

determinants of TFP growth. Interestingly, our evidence suggests that the same occurs 

with complementarities between the different explanatory variables. In particular, we 

find in several specifications a positive and significant complementary effect on TFP 

growth between commercial openness, a rise in R&D effort and human capital 

                                                 
3 Moreover, data availability conditions the sample period. Regional accounts in Spain provide 

homogenous series from 1980 to 1995 computed with 1986 as base year. Information from 1995 onwards 

is not homogeneous with the previous one because of the change of the base year for computations, and 

the change in National and Regional Accounts’ methodology to adapt it from the ESA-79 to the ESA-95 

scope. This changes mainly affect to accounting criteria, information sources, computation procedures, 

sector branches and product classifications and production definition and valorisation and make no 

possible to extend our sample further away 1995. 
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accumulation. A more detailed analysis confirms that the hypotheses work better when 

trade is based on intermediate goods. Both imports and exports, as separate channels, 

interact positively with local knowledge measures to improve technical progress. For 

the rest of internationalisation measures, we find that R&D spillovers have played a 

positive and significant impact on TFP growth, while foreign direct investment has not. 

Finally, there are indications that the intensity of the effects of internationalisation in the 

form of commercial openness and local knowledge depends on the level of each 

region’s economic development. 

The rest of the paper is organised as follows. In section 2, we explain the empirical 

model, the data and the construction of the variables. The general results are presented 

in section 3, while we analyse separately imports and exports of intermediates and 

capital goods as mechanisms of the diffusion of technology in section 4. Finally, section 

5 confirms that the effects of local knowledge and internationalisation depend on the 

level of regional economic development. Section 6 concludes. 

 

2. EMPIRICAL MODEL, DATA AND MEASUREMENT 

The ideas set out in the introduction can be synthesised in the following long-run 

relationship: 

TFPit = f (LKit, Tit, LKit*Tit, Zit) (1) 

   

where TFP is total factor productivity in the industrial sector, LK is a measure of local 

knowledge, which include both domestic R&D efforts and the stock of educated 

workers, and T is a measure of internationalisation, all referring to region i in the period 

t. While internationalisation and local knowledge are factors that taken separately may 

be generating gains in productivity and growth, their effect will be increased in that 

these factors are complementary. That is to say that the possibility that the effect of 

local R&D and human capital accumulation depends on the level of the economy’s 

interaction with other economies, and similarly, that the impact of internationalisation is 

related to the available stock of local R&D and human capital, will be considered. 

LKit*Tit denotes these interactions in the TFP function. Finally, we add a vector of 

explanatory variables Zit to control for industry characteristics of a region which may 

affect its total factor productivity. 

 

Total factor productivity 
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The TFP measure, our dependent variable, is based on Solow’s residual, i.e. it will 

be the return obtained from the production factors, once the quantities used and their 

prices, established in their respective markets, are considered. Then, once factor 

accumulation is accounted for, something else accounts for the bulk of cross-regional 

and time series differences in the growth of output per capita. This neoclassical TFP 

approach has been subject to substantial criticism given that leaves the forces of 

economic growth unexplained (Melachroinos and Spence, 2001). Thus, the effects of 

technological change and other growth factors can be estimated as the residual referred 

to as TFP. This is because we cannot equate TFP and technological change (Hulten, 

2000). These disadvantages tend to be counterbalanced by the availability of essential 

information and simplicity of measurement. Moreover, as Mankiw (1995) points out, 

the assumption of external technological progress is not a problem if the objective is to 

explain the spatial differences in economic growth. Hence, if it is considered that 

technological capital, or other forms of intangible capital that contribute to increases in 

production, are accumulated in the same way as physical capital is accumulated, this 

capital will not be directly observable, but its effects can be approximated using TFP4. 

In this respect, it can be assumed that this variable does not measure technological 

progress but provides an approximation of an economy’s relative technological 

progress. Let us assume a Cobb-Douglass production function 

1,1 <= −
ititititit

itit KLAY ααα  

where the industrial output of the economy in region i, Yit, is obtained by the 

combination of labour, Lit, and capital, Kit. This specification assumes constant returns 

to scale and perfect competition,5 which are reasonable approximations to the real 

                                                 
4 From the perspective of growth accounting and the expanded neoclassical model, scientists and human 

capital are considered additional production factors (Gould and Ruffin, 1995; Mankiw, 1995). Following 

another line of thought, Benhabib and Spiegel (1994), Miller and Upadhyay (2000) and Andersson (2001) 

point out that this approximation may be inadequate, as the additional inputs considered may indirectly 

affect output, influencing the efficiency of traditional production factors. For this reason, they would be 

directly affecting TFP.  
5 As Hulten (2000) suggests, these conditions are not necessary hypotheses in this approach, but they are 

frequently assumed for simplicity of measurement. Anyway, the calculations were also made supposing 

imperfect competition, following the method suggested by Hall (1988). Although the estimation of TFP 

in this case slightly differs from that obtained by considering perfect competition, the main conclusions of 

the study remain unaltered. 
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conditions of Spanish industry over the period 1980-1995 (Goerlich and Orts, 1996) and 

in other private productive sector studies (Miller and Upadhyay, 2000; Cingano and 

Schivardi, 2002). Then, TFP for each region and period is computed as (details on 

statistical sources on output, labour and capital can be found in the Appendix): 

itit
itit

it
itit

KL
Y

TFPA
αα −

=≡
1

 

Table A.1. in the Appendix shows that the average annual industry TFP growth 

over the period is positive in all the regions but one, Asturias. Moreover, this growing 

trend is not uniform across all the regions or over time. We also observe appreciable 

differences in the levels of technology at the beginning of the sample and a negative 

relationship between growth rates and the initial TFP level (the correlation coefficient is 

equal to –0.21). 

 
Local knowledge indicators: R&D and human capital 

We measure the local knowledge of a regional economy by its capacity of 

innovation and the level of education of its workers. Both factors can affect knowledge 

diffusion and innovation, enhancing regional productivity (Jaffe, 1989; Capron, 1992).  

The capacity of innovation of the region is proxied by its industry R&D stock and 

the level of education of the workers is proxied by the fraction of employed population 

with secondary or higher education in the industrial sector (HK). 

 

Internationalisation indicators: openness, FDI and R&D spillovers 

We look for several channels of exchange of goods, services and ideas through 

which a region with suitable local knowledge conditions can take advantage of the 

contact with other economies through competition or learning in order to absorb 

successfully new technologies or ideas. We construct our variables for openness (XM), 

inward foreign direct investment (FDI) and trade-weighted international R&D spillovers 

(IRDS), using data from international trade flows for each Spanish region over the 

period under analysis. 

In a first step, following Grossman and Helpman (1991) and Ben-David and Loewy 

(1998) commercial openness (XM) is considered as the total volume of trade -imports 

plus exports in the industry as a share of total industry value added in the region- about 

its positive effect on productivity growth. In a second step, given the different roles that 

imports and exports relationships may play in the transmission of knowledge, we will 
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consider separately in our analysis the effects of export and the import shares on value 

added in productivity growth. 

Foreign direct investment (FDI) is measured as the stock of net inflows of foreign 

capital in manufacturing industry in each region. The disaggregated data are not 

available prior 1985, nevertheless total FDI inflows before 1985 were very small, 

especially at industry level.  

International R&D spillovers (IRDS) are constructed following Coe and Helpman 

(1995) methodology6 with data on international import flows to each region and 

international R&D stocks. Similarly, we also construct a measure of interregional R&D 

spillovers (RRDS) using interregional import flows data available for 1995 (Oliver, 

2003) and regional R&D stock data for the period 1980-1995. The construction of the 

variable RRDS follows the variable IRDS. Table 1 shows an average positive growth 

rate of IRDS and RRDS in the Spanish regions over the period, with larger variation for 

IRDS than RRDS. 

 

Industry specialization indicators 

To control for differences in the rate of technological progress across industries we 

include three additional variables. On the one hand, we include the participation of 

manufacturing in total value added of a region (INDP) to control for the relative 

importance of manufacturing in the economy. On the other hand, we include an index of 

specialization (SPEC) and an index of concentration (CR) of the industrial activity in 

each region, since the composition of the economic activity in a region can determine 

the effectiveness of innovation in that economy (see Duranton and Puga, 2000). See the 

Appendix for more details about the construction of these two variables. 

As Table 1 shows, there is a very significant increase in the above-mentioned 

measures of local knowledge in the Spanish regions between 1980 and 1995, but the 

dispersion of growth rates among regions is quite large (more in the case of human 

capital than R&D). Nevertheless, it has been a process of equalisation of educational 

                                                 
)6 where mij are the bilateral import shares of each Spanish region and an 

OECD country j in 1995. 

(∑
≠

=
ij

jtij DRmIRDS &
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levels along this period (De la Fuente, 2002), though large inequalities still remain. This 

trend also appears in the level of R&D stock although it is less pronounced.7 

Table 1 also shows significant disparities in the growth of commercial openness 

(XN) among regions. In Spain it is observed that regions with industries traditionally 

open to the outside world experienced less striking increases in their level of openness 

than regions whose industrial opening occurred in the second half of the 1980s, with 

Spain’s entry into what was then the European Economic Community. Despite the 

disparities in the growth of regional openness that persisted in the 1990s, it is still 

possible to speak of a process of homogenisation in the openness of the Spanish regions 

(Delgado et al, 2002). Comparatively, international R&D spillovers and FDI present a 

much larger regional disparity in growth than the other explanatory variables. 

In summary, Spanish regions have experienced very significant increases in terms 

of both local knowledge accumulation and internationalisation throughout the period 

1980-1995, though with important regional disparities. Next we examine the role of 

these variables in explaining the development and differences seen in industrial TFP in 

Spanish regions, paying especial attention to the interaction between local knowledge 

and internationalisation. 

 

3. ESTIMATION RESULTS 

Using on the empirical model suggested above, this section describes the main results 

obtained by estimating the effects of local knowledge and internationalisation, with 

explicit consideration of their interaction, on the TFP of the industrial sector of Spanish 

regions.  Expressing the variables in logarithmic form and first differences, the equation 

susceptible to be estimated based on expression (1) will be8 

 

                                                 
7 Our sample period, 1980-1995, is characterised by an increase in R&D expenditures in all Spanish 

regions relative to EU countries, Spain being relatively lagged in technological terms. This expansion of 

R&D has been linked to a neoclassical and regional policy view (Rodriguez-Pose, 2001) focused on 

reducing technological disparities within the country and with respect to the European core. 
8 The consideration of the time dimension in the analysis above may lead to the appearance of a problem 

of spurious correlations in a specification in levels, owing to the possible non-stationarity of the variables 

included in the regression. As the short time period available in our sample prevents application of 

cointegration techniques we estimate the model in first differences to avoid the problems associated with 

a spurious relationship. 
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(2) 

where j is used to denote the elements in the set of variables related to local knowledge 

(R&D and HK), l to denote those related to internationalisation (XM, FDI, IRDS, 

RRDS), and m the ones for the industry specialization indicators (INDP, SPEC, CR), 

summarised in Z. Finally,  is a well-behaved perturbance. itv

This procedure allows us to analyse to what extent the accumulation of the 

variables under study may affect technical progress in the industry of a representative 

Spanish region. Additionally, bearing in mind results in the literature on the significance 

of a process of technological catch-up (Abramovitz, 1986; Dowrick and Nguyen, 1989), 

the one-lag (log) TFP level and a set of regional dummies, δi , are also included as 

regressors, as well as time dummies common to all regions, δt, to control for the 

business cycle. Then, the final specification to be estimated is of the form:  

( ) it
m
it

m
m

l
it

j
it

l,j

TH
l,j

l
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it
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l

j
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it

H
j1ititit
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(3) 

 

The fact that the coefficient on lagged TFP is negative γ<0 does not automatically 

means the existence of a process of convergence in technological levels, indicating that 

the less technologically advanced regions would have experienced greater technical 

progress. Note that (3) includes fixed regional effects to allow for differences in TFP 

levels in the steady-state. Thus, the above-mentioned condition for γ should be read as a 

sort of catch-up, that is to say, homogenisation of the regional technological levels (see 

Durlauf and Quah, 1999). 

The results of the estimation of equation (3) are shown in Table 2, which displays 

in three panels the interactions of the two variables measuring local knowledge 

(regional R&D stock and human capital) with the three measures of regional 

internationalisation (commercial openness, foreign direct investment and R&D 

spillovers). This presentation of results allows us to identify the main findings and, at 

the same time, to minimise the multicolinearity problem between the variables. 
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In Table 2, Panel A includes the interactions of local knowledge variables with 

international trade openness (XM). In Column (i) the estimated parameters of domestic 

R&D and human capital present the expected positive signs but only the R&D 

coefficient is statistically significant. However, the estimated parameters of trade 

openness present a negative and significant sign. The interactions of these variables are 

included in Column (ii). In this case, the results show the expected signs with all the 

variables being statistically significant. The only exception is the interaction term 

between R&D and trade openness. When we include regional dummies, column (iii), 

we obtain the expected positive sign in all the parameters estimated. Again all the 

coefficients are statistically significant but one, the coefficient on human capital. 

Therefore, the inclusion of the interaction between local knowledge variables and 

international trade openness shows that there is indeed a positive and significant 

complementary effect between variables that reinforces the effect of these variables on 

TFP.  

The last four columns in Table 2 (Panel A) include the additional measures of 

internationalisation to check whether the significance of the interaction terms between 

commercial openness and local knowledge is robust. The coefficients of interregional 

and international R&D spillovers (columns iv) have a positive sign and are statistically 

significant. Again the rest of variables have the expected sign except trade openness that 

holds a negative sign.9 The interaction terms in column (v) are statistically significant. 

Columns (vi) and (vii) include foreign direct investment (FDI) as an additional 

explanatory variable. The FDI coefficients are never significant. In the last column of 

Table 2 the coefficient on R&D, HK and their interactions with trade openness are 

positive and statistically significant, suggesting that trade reinforces the positive impact 

of local R&D and human capital on TFP growth. 

All the specifications include three parameters associated variables that control for 

industry participation in GAV, regional specialization and regional concentration. The 

sign of the coefficients is always negative sign, which confirms the existence of a 

conditional catch-up in the industry of Spanish regions. In the majority of specifications 

the sign of the three parameters is positive and significant.  

                                                 
9 The data present a multicolinearity problem between the measure of trade openness (XM) and 

international R&D spillovers. In Table A.2 in the appendix, the correlation between XM and IRDS is 

shown to be 0.681. 
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All the specifications also include a parameter associated with the initial TFP level. 

The sign of the coefficient is always negative sign, which confirms the existence of a 

conditional catch-up in the industry of Spanish regions. As is also usual in the literature, 

the technological convergence level is much higher in the estimation that enables 

convergence to different steady states by the inclusion of fixed effects (column iii) than 

in that which does not include such effects (column ii) 

The last two panels of Table 2 show the results of interactions of the variables of 

local knowledge with R&D spillovers (Panel B) and with foreign direct investment 

(Panel C). Once regional dummies are included, the only interaction term with a 

statistically significant coefficient with the expected positive sign is R&D with 

international R&D spillovers; however, the sign of the variables R&D and HK becomes 

negative, making difficult to interpret the results. 

In short, our hypothesis regarding interaction between the effect of 

internationalisation of an economy and the stock of local R&D and human capital on 

TFP growth seems to be confirmed by the industrial sector in Spain only for the variable 

measuring trade openness. This implies that R&D and human capital return in each 

region may differ depending on its commercial trade orientation, and that there may be 

significant asymmetries in the benefits of openness to the outside, which may be at least 

partly related to the stock of human capital available to make the most of the advantages 

offered by commercial trade. This result is robust to the inclusion of additional 

measures of internationalisation such as interregional and international R&D spillovers 

and foreign direct investment. Finally, we find no evidence of a significant impact on 

TFP growth from other interactions such as FDI with local knowledge and regional 

RDS with local knowledge. 10 

As a conclusion there is substantial evidence of a positive interaction between local 

knowledge and international openness (the ratio of total imports and exports to output) 

in explaining industrial TFP growth. The same relationship does not appear to exist for 

R&D spillovers and FDI. In the next section we focus our attention on international 

openness and explore to whether the type of traded goods affects the strength of these 

                                                 
10 Our finding confirms the survey elaborated by Blomstrom and Kokko (1998), which shows that 

previous empirical studies do not find that foreign direct investment has any effect on productivity (or 

productivity growth). 
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interactions and whether these interactions are different according to the use of the 

import or export channel. 

 

4. DO TRADE ON INTERMEDIATE AND CAPITAL GOODS CONTRIBUTE 

TO A GREATER EXTENT TO TECHNICAL PROGRESS? 

Spain is a net importer of technology in both forms, “embodied” (imports of 

intermediate and capital goods) and “desembodied” (patents and licences). Therefore 

we should expect that the greater an economy’s exposure to trade in intermediate and 

capital goods, the greater its TFP will be. Table 3 shows the estimation corresponding to 

Eq. (3) including R&D spillovers using only intermediate goods (columns i) compared 

with the one using only the rest of goods (column ii).  The results are better for the first 

specification, with high explanatory capacity and with estimated coefficients that have 

the expected sign and are statistically significant.. Compared with Table 2 (column vi) 

the coefficients on R&D, human capital and trade openness as well as their interactions, 

exhibit higher values. The significant improvement in the specification indicates that the 

most important channel for the spread of technology may be the incorporation of 

foreign goods that are directly involved in the productive process. This is conformed by 

the significance of both variables, openness and both R&D spillovers measures. 

It would seem reasonable to suppose that this will basically occur by means of the 

import of intermediate and capital goods, with exports playing a less significant role in 

this sense. For example Coe et al. (1997) argue for imports to be considered alone, 

because “it is more consistent with the theory and empirically they do a better job” 

(page 140).  

In this case, it is supposed that imported intermediate goods allow a direct access to 

a greater variety of intermediate goods or have embodied new technologies. As these 

new knowledge is somehow extracted and used in the domestic economy the 

productivity of domestic researchers increases and hence promotes growth. 

Related to exports relationships, technological spillovers can emanate from the 

gains that sellers cab obtain from the knowledge base of their buyers. Innovation 

spillovers can occur if the clients offer advice on potential productivity enhancements, if 

the increasing competitive pressure in the foreign markets force firms to innovate and to 

increase their efficiency and productivity, or if personal contacts facilitate exporters to 

be familiar with their clients’ necessities about specific products and quality. In this 
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case knowledge acquired by attending to these demands can favour own productivity 

gains (Chuang, 1998).  

Exporters benefit from these knowledge spillovers through “learning-by-doing” as 

the skill content of exports augment productivity in the rest of activities (Young, 1991; 

Feeney, 1999; An and Iyigun, 2004). Despite both imports and exports relationships 

have different roles in the diffusion of new technologies, both imply that firms, and 

hence domestic economies, have to invest in training and educated labour force, new 

equipments and R&D to be able lo learn or develop and further use new technologies, 

Because of that, not only imports and exports, but its complementarities with human 

capital and domestic R&D are relevant for innovation and productivity growth. On the 

contrary, exporters would not be able to face the increased competition and would be 

forced out of the foreign market, and importers would be substituted as domestic 

producers by more innovative competitors. 

By including imports and exports separately in our specification we can test the 

hypotheses that imports and exports of intermediate and capital goods play different 

roles in the diffusion of knowledge and hence on TFP growth. If the diffusion of ideas 

and knowledge were limited to imports, one would expect that the coefficients 

associated with the export variable to be not significant. 

Table 3, columns (iii)-(vi) show the results when the effects of imports and exports 

are considered separately. When the coefficients associated with the specification that 

only includes exports of intermediate and capital goods (iii) are compared with the one 

that only includes imports of these goods (iv), a slightly greater effect in the later can be 

seen. However, when both imports and exports are included in the specifications (v) and 

(vi) the complementary effects with the variables exports exhibit a better performance 

than those associated with imports. These results are in line with results in Funk (2001) 

for an international framework obtaining evidence indicating that exporters receive 

significant research spillovers from their foreign costumers. Note that in specification 

(vi) the estimated coefficient of imports becomes negative due to the multicolinearity 

problem described before. 

The positive evidence of complementarities between local knowledge and export 

activity at regional level has been confirmed by recent research on the positive export-

productivity link at regional and firm level (Delgado et al., 2002; Bleaney and Wakelin, 

2002; Castellani, 2002). The finding suggests that international openness may raise an 

economy´s growth rate not only through imports of differentiated and technologically 
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advanced intermediate inputs but also through exports. In this case, benefits from the 

knowledge base of their customers encourage exporters’ competitiveness in the foreign 

markets by quickly acquiring and adapting new technologies.  

In short, the results above confirm that trade in intermediate and capital goods leads 

to improvements in the technical progress of the economy. In addition, evidence that 

rule out these effects taking place mostly as a result of imports can be seen in the 

results. The export channel also plays an important role in explaining TFP growth.  

 

5. REGIONAL HOMOGENEITY IN THE EFFECTS 

The empirical literature has suggested the existence of threshold effects in the 

factors determining economic growth (Azariadis and Drazen, 1990). In short, the return 

of productive factors may depend on the quantity of them already accumulated. This 

non-linearity in the return means that the effect of these factors on growth may differ 

between different economies. Those economies that have attained certain levels of the 

factor present a greater output than those where its threshold level has not been reached. 

In particular, Durlauf and Johnson (1995) obtain evidence regarding the existence of 

threshold effects on local knowledge, measured by human capital, on output growth. 

Rodriguez and Rodrik (1999) and Thrilwell (2000) show that the effect of 

internationalisation on growth depends critically on the initial level of development of 

the economies.  

To test the hypothesis of homogenous effects on TFP growth, the sample of 

Spanish regions has been divided according to TFP level at start of the time period 

under consideration. Hence, if a region’s TFP level in 1980 was lower than the national 

average level, it was considered to belong to the group of less developed regions. A 

group of 11 less developed and 6 more developed region was obtained in this manner11.  

Our hypothesis supposes that the benefits of internationalisation and local 

knowledge will be greater in those regions in which a certain degree of development has 

                                                 
11 The regions considered to be less developed are AN, AR, BL, CB, CL, CM, CN, CV, EX, GA 

and MC, and the most advanced are AS, CT, MT, NA, PV and RI. See region names in Table A1. The 

average R&D stock in the first group was 64.3% of the Spanish average in the first year, while the 

average in the second group was 135.8% of the Spanish total. The average human capital in the first 

group was 86.7% of the Spanish average in 1980, while the average in the second group was 103.2% of 

the Spanish total. The level of openness in the less advanced regions was 78.2% of the average, with this 

percentage rising to 127.7% in the more developed regions. 
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already been attained, as there will be suitable incentives and determining factors so that 

these instruments can more fully exploit their opportunities. 

The results shown in Table 3 (columns vii and viii) seem to support this hypothesis. 

It can be seen that both R&D and human capital have a positive and significant effect on 

the more developed regions, while its effect is not significant in the less developed ones. 

As far as commercial openness is concerned, this has a positive and significant effect. 

On the contrary, international R&D spillovers and the specialisation of the region 

significantly enhance local TFP in the less developed regions. But perhaps what is more 

interesting is that the coefficients associated with interactions are larger in the case of 

the more advanced regions and statistically significant. The direct effect of local 

knowledge accumulation is much greater in the case of the more developed Spanish 

regions, which confirms the need of a minimum of local knowledge in order to make 

effective a positive and significant complementary effect between local knowledge and 

internationalisation. 

But perhaps what is most interesting is that the coefficients associated with 

interactions are larger in the case of the more advanced regions and statistically 

significant. Thus the direct effect of local knowledge accumulation is much greater in 

the case of the more developed Spanish regions, and this phenomenon is in turn 

reinforced when the interaction between these variables and internationalisation is 

considered. 

 

6. CONCLUSIONS 

Recent developments in growth theories have emphasised the importance of the 

spread of competition and technological knowledge as an explanation for productivity 

growth, with trade, foreign direct investment and R&D spillovers as main channels. The 

importance of local R&D efforts and human capital accumulation, which enables the 

acquisition of a sufficient skill level in the workforce to be able to absorb and efficiently 

use the new and more advanced technologies, has also been highlighted as explanation 

for productivity growth. This paper examines the complementarities between these two 

determinants of productivity growth. 

In the analysis carried out for the industrial sector in Spanish regions there is 

evidence to support these complementarities. This analysis is of special interest for two 

reasons. Firstly, it is the first contribution in this type of literature to test theoretical 

suppositions in a sample of regions, and is consequently more homogenous in 
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preferences and in the socio-economic environment than the samples of countries 

usually used. Secondly, the social, economic and political circumstances in Spain in the 

period studied (1980-1995) led to increases in commercial relations with other 

countries, which in the case of the existence of a positive effect between 

internationalisation and growth must have resulted in a clear improvement in Spanish 

industry’s productivity. At the same time, the Spanish economy experienced substantial 

increases in its stock of R&D and supply of skilled labour.  

The results of this study show that R&D, human capital and commercial openness 

have a positive and significant influence on Spanish regions’ TFP. Likewise, a greater 

adaptation of the labour force’s skill level and the technological knowledge flowing 

through trade will be a key factor in the process of technical progress. When 

considering both imports and exports of all types of goods, it has been shown how the 

beneficial effects of trade do not seem limited to imports of intermediate and capital 

goods. Exports of these goods seem to have even a greater scale of influence, 

suggesting a strong link between productivity growth and export activity at industry 

level. Finally, an above-average initial level of development is crucial to enhance the 

complementarities between local knowledge and trade openness as promoters of 

productivity growth at regional level. 

 

DATA APPENDIX 

Output, labour and physical capital 

For each region in the sample, total factor productivity is defined as TFPit = 

( ) ( ) it
itit KL/KY α  where Y is the Gross Added Value (GAV) at market prices, K is the 

stock of physical capital, both at constant 1986 prices, and L is the number of workers, 

in the industrial sector. α is the share of remuneration of workers in GAV in the 

industrial sector in constant prices. The sectoral GAV at 1986 constant prices (growth 

accountancy perspective) is obtained by deflating the current sectoral information 

provided by the CRE (Regional Accounts produced by the Spanish Statistical Office –

INE, http://www.ine.es-) with the correspondent sectoral deflator provided by the INE’s 

National Accounts. The information on employment in industry comes from the Labour 

Force Survey, produced by the INE following the EUROSTAT criteria. The data 

regarding the stock of regional physical capital at constant 1986 prices for the industry 

is obtained from Dabán et al. (1997). The CRE provides information on sectoral 
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remuneration of wage-earning employment, as well as wage-earning employment, in 

current pesetas for each Spanish region. This information allows to compute the labour 

cost of employment in constant prices by using the cost price index as deflator. 

Remuneration of workers at constant 1986 prices is obtained for each industry in each 

region by multiplying the unitary labour cost by the number of workers in the 

corresponding industry. 

Human capital and regional R&D stocks  

The data regarding workers which has at least started (but not necessarily completed) 

secondary or higher schooling in industry were obtained from Pérez and Serrano (1998) 

–http://www.ivie.es. 

Regional R&D expenditures in 1986 constant prices are obtained from INE´s 

information in current euros and deflated with IPC. From these expenditures we obtain 

regional R&D stocks using the perpetual inventory methodology, as described in Coe 

and Helpman (1995) data appendix. 

Imports, exports, foreign direct investment and R&D spillovers 

 From data published in Información Estadística sobre comercio exterior e 

intracomunitario. Agencia Estatal de Administración Tributaria. Departamento de 

impuestos especiales, (Statistical Information on Foreign and Inter-community Trade. 

Spanish Tax Office, Special Taxes Dept.) and the information supplied by the INE’s 

National Accounts we obtain regional imports and exports for capital and intermediate 

goods, for total goods in constant 1986 prices and for bilateral import shares between 

each Spanish region and the OECD countries in 1995. Bilateral interregional trade flows 

averaged for the period 1995-1998 are estimated in Oliver (2003). 

The inflows of foreign direct investment – FDI – for the period 1985-1995 at 

industry level were obtained from Proyectos de Inversión Autorizados (DGCI). The 

series were expressed in constant pesetas of 1986 using IPC. The two measures of R&D 

spillovers (international and interregional) were constructed using data on interregional 

imports and international imports, described in Coe and Helpman (1995) data appendix. 

Composition of economic activity.  

It is measured according to the habitual specialisation and diversity indexes used 

in the literature: participation of industry j in regional GAV, the specialisation index,  
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where i = region, N = 

nation, and j = each of the 17 sectors according to the EUROSTAT classification. 
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Table A.1. Industry TFP level and annual growth rate in Spanish regions, 1980-1995 

TFP level TFP growth TFP growth TFP growth TFP growth
Region in 1980 1980-1995 1980-1985 1985-1990 1990-1995

Andalucía AN 1.603 0.014 0.012 0.016 0.015
Aragón AR 1.588 0.020 -0.005 0.041 0.025
Asturias AS 1.911 -0.004 0.005 -0.005 -0.013
Baleares BA 1.465 0.023 0.018 0.016 0.034
Canarias CN 1.625 0.024 0.005 0.021 0.045
Cantabria CB 1.737 0.018 0.007 0.020 0.025
Castilla-León CL 1.556 0.014 0.000 0.030 0.011
Castilla-La Mancha CM 1.657 0.013 -0.001 0.026 0.014
Cataluña CT 1.819 0.014 0.008 0.022 0.010
C. Valenciana CV 1.662 0.017 0.015 0.008 0.027
Extremadura EX 1.555 0.005 -0.015 0.002 0.027
Galicia GA 1.702 0.018 0.013 0.019 0.022
Madrid MT 1.570 0.018 0.004 0.017 0.032
Murcia MC 2.006 0.019 0.009 0.029 0.019
Navarra NA 1.894 0.006 -0.011 0.018 0.011
País Vasco PV 1.919 0.009 -0.013 0.015 0.024
Rioja (La) RI 2.052 0.024 0.053 -0.033 0.052

Average 1.725 0.015 0.006 0.015 0.022
Std. Dev. 0.176 0.040 0.045 0.036 0.038

 
 

 

Table A.2: Pairwise correlations of variables 
TFP R&D HK XM RRDS IRDS FDI XM(i) X(i) M(i) SPEC CR INDP

TFP 1
R&D 0.049 1.000
HK -0.040 -0.074 1.000
XM -0.261 0.247 -0.156 1.000
Interreg. R&D spillovers -0.031 0.172 0.062 0.006 1.000
Internat. R&D spillovers 0.049 0.172 0.062 0.469 0.006 1.000
FDI -0.041 -0.232 0.100 -0.047 -0.180 -0.187 1.000
XM (intermediate goods) -0.174 0.142 0.081 0.859 0.001 0.681 -0.069 1.000
X (intermediate goods) -0.249 0.110 -0.108 0.311 0.076 0.001 -0.023 0.062 1.000
M (intermediate goods) -0.092 0.024 0.116 0.758 -0.054 0.750 -0.012 0.905 -0.088 1.000
Index of specialisation 0.187 0.093 0.055 0.056 0.002 0.115 -0.146 0.013 0.015 0.032 1.000
Index of concentration 0.209 0.024 0.103 -0.012 -0.038 0.163 -0.215 -0.031 -0.049 0.044 0.267 1.000
Industry participation 0.177 0.023 -0.007 -0.078 -0.024 0.026 -0.095 -0.075 -0.081 -0.026 0.118 0.186 1.000  
All variables are expressed in annual growth rates 
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Table 1: Summary of variables 
Variables in Table 2 N Mean Std. Dev. Min. Max.
Total factor productivity TFP 255 0.015 0.040 -0.174 0.168
R&D stock R&D 255 0.086 0.026 0.033 0.204
Human capital HK 255 0.069 0.053 -0.051 0.280
Opennes (X+M/VAB) XM 255 0.079 0.140 -0.912 0.889
Interreg. R&D spillovers RRDS 255 0.078 0.024 0.051 0.377
Internat. R&D spillovers IRDS 255 0.051 0.198 -1.211 1.461
Foreign direct investment FDI 170 0.059 0.805 -2.705 2.463
Specialization index SPEC 255 0.008 0.108 -0.456 0.524
Concentration index CR 255 0.001 0.056 -0.351 0.299
Participation industry in VAB INDP 255 -0.003 0.051 -0.224 0.254
Variables in Table 3
X+M (intermediate) X+M (i) 255 0.096 0.181 -0.665 1.573
X+M (no intermediate) X+M (no-i) 255 0.061 0.152 -1.024 0.698
M (intermediate) M(i) 255 0.126 0.223 -0.737 1.680
X (intermediate) X(i) 255 0.073 0.291 -1.684 2.038  

All variables are expressed in annual growth rates 
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Table 2: Estimation of the effect of local knowledge and internationalisation on 
industrial TFP growth 

Panel A i ii iii iv v vi vii
(own) R&D 0.238** 0.202** 0.174* 0.211** 0.157 0.208** 0.222**

(2.42) (2.14) (1.74) (1.98) (1.56) (2.01) (2.15)
HK 0.015 0.078** 0.065 0.014 0.044* 0.025 0.044*

(0.34) (1.97) (1.56) (0.35) (1.90) (1.48) (1.83)
Tradable openess (XM) -0.078** 0.079* 0.110** -0.144** 0.017 -0.101** -0.056

(4.92) (1.80) (2.30) (4.65) (0.34) (2.82) (0.73)
R&D * XM 0.006 0.012* 0.013* 0.014*

(0.83) (1.70) (1.86) (1.72)
HK * XM 0.156** 0.187** 0.159** 0.113**

(4.92) (5.57) (4.69) (2.20)
regional R&D spillovers 0.203** 0.201** 0.294 0.189*

(1.97) (2.13) (0.83) (1.89)
international R&D spillovers 0.062** 0.049** 0.041** 0.055**

(4.34) (3.39) (2.15) (3.81)
FDI -0.001 -0.001

(0.08) (0.02)
Index of specialization 0.043* 0.038* 0.033 0.028 0.033 0.042 0.027

(1.77) (1.69) (1.50) (1.07) (1.57) (0.95) (0.62)
Index of concentration 0.084* 0.090** 0.074* 0.066 0.066 0.013 0.024

(1.76) (1.98) (1.70) (1.52) (1.60) (0.19) (0.34)
Industry Participation in VAB 0.064** 0.063* 0.074* 0.018* 0.037 0.052 0.053

(2.02) (1.71) (1.73) (1.64) (1.61) (0.73) (0.76)
TFP (-1) -0.035** -0.035** -0.271** -0.257** -0.268** -0.305** -0.230**

(2.04) (2.04) (6.21) (5.72) (6.27) (5.38) (5.86)
R squared adjusted 0.35 0.41 0.19 0.46 0.52 0.48 0.50
Regional dummies no no yes yes yes yes yes
N 255 255 255 255 255 170 170  

Note: When the variable FDI is included (N=170) the period is 1986-1995. All specifications include time dummy variables. The 
asterisks ** and *  mean that the coefficients are significant at the 95% level and 90% level,, respectively  
 

 24 



Table 2: Estimation of the effect of local knowledge and internationalisation on 
industrial TFP growth. Continuación 

Table 2: Panel B i ii iii iv
own R&D 0.187* 0.215 0.278** 0.456**

(1.78) (1.57) (2.36) (2.62)
HK 0.012 -0.333 0.093 0.012

(0.30) (0.81) (0.91) (0.02)
regional R&D spillovers 0.098 0.218 0.119 0.203

(0.89) (1.34) (1.08) (1.21)
international R&D spillovers 0.003 -0.003 -0.019 -0.029

(0.32) (0.36) (0.48) (0.69)
R&D * regional spillovers -0.008 -0.034

(0.47) (1.42)
R&D * international spillovers 0.013 0.017*

(1.36) (1.82)
HK * regional spillovers 0.078 0.017

(0.84) (0.18)
HK * international spillovers 0.016 0.014

(0.81) (0.66)
Index of specialization 0.045* 0.046* 0.044* 0.033

(1.76) (1.78) (1.70) (1.57)
Index of concentration 0.059 0.060 0.067 0.066

(1.18) (1.19) (1.33) (1.60)
Industry Participation in VAB 0.101** 0.063** 0.100** 0.037

(2.08) (2.06) (2.06) (1.61)
TFP (-1) -0.029 -0.032* -0.037** -0.046**

(1.62) (1.68) (2.01) (2.23)
R squared adjusted 0.28 0.38 0.29 0.23
Regional dummies no no no no
N 255 255 255 255

 
See notes in Table 2 
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Table 2: Estimation of the effect of local knowledge and internationalisation on 
industrial TFP growth. Continuación 

Table 2: Panel C i ii iii
own R&D 0.125 0.123 0.128

(1.30) (1.36) (1.62)
HK 0.063 0.107* 0.077

(1.12) (1.67) (1.22)
FDI -0.002 0.013 0.012

(0.39) (0.69) (0.62)
R&D * FDI 0.024* 0.016

(1.76) (1.14)
HK * FDI 0.013 0.008

(0.69) (0.16)
Index of specialization 0.03 (0.03) 0.012

(0.66) (0.66) (0.17)
Index of concentration 0.106 0.096 0.077

(1.45) (0.56) (1.05)
Industry Participation in VAB 0.089 (0.08) (0.01)

(1.23) (1.04) (1.05)
TFP (-1) -0.041** -0.042** -0.286

(2.12) (2.20) (4.89)
R squared adjusted 0.39 0.40 0.46
Regional dummies no no yes
N 255 255 255

 
See notes in Table 2 
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Table 3. Estimation of the effect of imports and exports of capital goods and intermediates on industrial TFP growth. 
i ii iii iv v vi vii viii

intermediate no capital, intermediate intermediate intermediate intermediate
& capital no intermediate & capital & capital & capital & capital Below national Above national
goods goods goods goods goods goods TFP in 1980 TFP in 1980

own R&D 0.221** 0.171* 0.183* 0.174 0.235** 0.175** 0.205 0.181*
(2.02) (1.72) (1.93) (1.57) (2.13) (2.33) (1.51) (1.94)

HK 0.139** -0.066 0.158** 0.179** 0.248** 0.136** 0.078 0.157*
(2.67) (1.11) (2.58) (2.83) (3.41) (2.58) (1.36) (1.67)

Tradable openess (XM) 0.058** 0.054 0.073 0.064
(2.61) (0.86) (1.50) (0.49)

R&D * XM 0.135** 0.008 0.006 0.029**
(4.68) (0.41) (0.54) (2.34)

HK * XM 0.068** 0.075 0.087** 0.189**
(2.66) (1.28) (2.96) (2.73)

Exports 0.068** 0.022 0.049**
(2.64) (0.88) (2.67)

R&D * exports 0.004* 0.012** 0.023
(1.84) (2.62) (1.28)

HK * exports 0.080** 0.077** 0.044**
(3.87) (3.65) (3.11)

Imports 0.069* 0.026 -0.452**
(1.86) (0.72) (5.52)

R&D * imports 0.002 0.003 0.004
(0.31) (0.52) (1.03)

HK * imports 0.102** 0.057** 0.030
(3.94) (2.20) (1.28)

regional R&D spillover 0.153* 0.212* 0.067 0.608 0.152
(1.68) (1.69) (0.89) (0.51) (1.19)

international R&D spillover 0.094** -0.013 0.465** 0.100** 0.011
(5.12) (0.45) (6.73) (4.98) (0.19)

Index of specialization 0.033 0.041 0.044* 0.039* 0.037* 0.042** 0.043** 0.011
(1.48) (1.52) (1.89) (1.66) (1.68) (2.36) (2.07) (0.82)

Index of concentration 0.072 0.077* 0.059 0.078* 0.083* 0.035 0.059 -0.009
(1.60) (1.69) (1.29) (1.68) (1.88) (1.01) (1.27) (0.09)

Industry Participation in VAB 0.065 0.041* 0.036* 0.082* 0.079* 0.092** -0.044 0.432**
(1.47) (1.74) (1.80) (1.81) (1.84) (2.56) (1.12) (2.48)

TFP (-1) -0.262** -0.282** -0.255 -0.295** -0.270** -0.188** -0.386 -0.202**
(5.77) (5.61) (5.52) (6.11) (5.82) (4.19) (6.05) (2.32)

R squared 0.44 0.39 0.43 0.36 0.43 0.71 0.62 0.42
Regional dummies yes yes yes yes yes yes yes yes
N 255 255 255 255 255 255 255 255  

Note: Number of observations = 255. All specifications include time dummy variables. The asterisks ** and *  mean that the coefficients are significant at the 95% level and 90% level, respectively





 


