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Preface 
 

The importance of knowledge, innovation and ongoing technological changes linked to the 

advent of information and communication technologies (ICT) have engendered intense public 

discussions over the past few years. In particular, there is increasing awareness of the fact that 

these elements strongly determine the way our economies and societies keep pace with, and 

possibly benefit from, the globalization process. These questions raise important prospective 

issues of strong relevance for the European Union.  

From a regional perspective, in particular, it is important to know whether these changes have 

any impact in terms of economic development and innovation dynamics differentials across 

EU regions. The diffusion of ICT across the EU economy appears to be a major lever for 

improving both productivity levels and competitiveness, while encouraging the re-

organisation of production methods and the emergence of new activities. Existing empirical 

evidence is still, to a large extent, only available at country level. However, there is an 

increasing awareness of the need to adopt, together with country-level initiatives, regional 

policies. Given the fact that on-going technological change and innovation dynamics have a 

strong local/regional component, public policies need to be designed at this level as well.  

The ICT Unit, IPTS has set out to investigate these issues through a number of ongoing 

research projects and other scientific activities. This specific research activity aims to 

contribute to the IPTS mission to provide customer-driven support to EU policy-making 

processes by providing research-based analysis of questions related to ICT diffusion, 

knowledge and innovation in EU regions. The objective of the present study undertaken by 

Jesus Rodriguez (Universidad Pablo de Olavide) and Diego Martínez (Universidad Pablo de 

Olavide and Centro de Estudios Andaluces) and coordinated by Elena Navajas (DG JRC, 

IPTS) and Salvador Barrios (DG JRC, IPTS) is to measure ICT adoption in the Andalusian 

economy and to assess the contribution of these technologies to economic and productivity 

growth in this region.  

The topic of this research is highly relevant as, on the one hand, empirical evidence at the 

regional level is scant and, on the other hand, the policy issues are at the core of the EU policy 

agenda. This study must be seen as a first step towards a regional approach to analysing the 
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contribution of ICT to productivity and economic growth. The data and methodology used in 

the study are consistent with existing country-level studies and thus provide a useful starting 

point for further research addressing the impact of ICT in other EU regions. 
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Executive Summary 

The recent experiences of the US and some European countries show that ICT investment 

promotes economic growth and labour productivity. However, the European Union as a whole 

is still lagging behind the US in terms of ICT contribution to productivity. The review and re-

launching of the Lisbon Strategy in 2004 has put special emphasis on the Information and 

Communication Technologies (ICT) as a means of meeting the challenges of boosting 

growth, competitiveness and cohesion throughout Europe. In particular, in July 2005, the 

European Commission adopted the initiative i2010: European Information Society 2010, 

which stressed the importance of this issue in the following terms "Information and 

Communication Technologies are a powerful driver of growth and employment. A quarter of 

EU GDP growth and 40% of productivity growth are due to ICT. Differences in economic 

performance between industrialised countries are largely explained by their levels of ICT 

investment, research, and use, and by the competitiveness of their Information Societies". 

These objectives will largely influence the EU economic policy agenda in the coming years 

and have already translated into concrete policy proposals that favour structural and 

technological changes across the EU. Furthermore, the assessment made by the European 

Commission on the National Reform Programmes also shows that ICT usually rank high in 

measures taken by the Member States. Moreover, in the context of cohesion policy, public 

support is increasingly being used to accelerate deployment and use of ICT in the less 

developed areas of the Union. European research policy is also directly concerned by these 

questions: the objectives of ICT research under the EU’s Seventh Framework Programme 

(FP7) endorse the promotion of ICT for boosting productivity and innovation, the 

modernisation of public services and direct support to research to develop applications linked 

to ICT. A number of initiatives, such as the "Regions of Knowledge", have also tended to 

reinforce the EU emphasis on the need to adopt a regional approach to research policy. 
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Such a growing number of EU policy initiatives, including the i2010 objectives, calls for a 

better understanding of the way ICT might favour knowledge and innovation diffusion and 

the emergence of new types of economic activities. From a research viewpoint, it has been 

largely documented that innovation activity is even more geographically concentrated than 

industrial activity. Increasingly, the ongoing transformations and structural/technological 
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changes enabled by ICT are being studied by region, and more specifically, as part of regional 

innovation systems. In particular, the technological changes propitiated by ICT already affect 

the geographical location of industries and productivity differentials across EU regions. ICT 

also generate positive side-effects on the innovative capability through learning-by-doing and 

transfer of know-how. There is an increasing awareness of the need to adopt, together with 

country-level initiatives, regional policies given that the nature of ongoing technological 

change and innovation dynamics have a strong local/regional component, hence public 

policies need to be designed at this level as well. Little is yet known, however, about the 

consequences of the advent of ICT use on regional economies. 

In order to effectively build policies addressing the needs and challenges posed by the advent 

of the so-called knowledge economy, it is necessary to develop analytical tools and to gather 

relevant data to better understand the role ICT may play in economic growth and, particularly, 

with regard to regional development and innovation dynamics differentials across EU regions. 

The existing evidence on the diffusion and impact of ICT across EU regions is still scant. The 

few existing studies on EU regions have shown that the situation of the Member States and 

the European regions with respect to ICT take-up vary widely.1  

This report is the final delivery of a project launched by IPTS in order to explore the 

possibilities, advantages and drawbacks offered by current well-developed methodologies and 

available data at regional level, in order to assess specific aspects of the impact of ICT with 

regional scope. This study analyses the contribution of ICT investment to productivity growth 

by means of growth accounting, adopting the theoretical framework first formulated by Solow 

(1957) and further developed by Griliches and Jorgenson (1967) and Jorgenson (2001). The 

measurement of productivity has long been associated to objectives other than the sole 

calculation of value added per hour worked in order to assess the relative prosperity of 

national economies. In this sense, there is an ongoing debate as to what extent this 

methodology may also illustrate how innovation (usually referred to under the broader term 

technical change) spreads across a given economic system and how it links to economic 

growth. Several mechanisms play a role in making technological progress a source of growth 

– new materials, products and processes, technologies that allow for efficiency gains or alter 

how producing factors relate among them (labour-capital ratio or the so-called factor 

substitution, organisational changes, etc.), learning effects…- in short, everything ranging 

                                                 
1  See ESPON (2005), Telecommunication Services and Networks: Territorial Trends and Basic Supply of 

Infrastructure for Territorial Cohesion,Project 1.2.2, Final report available at: www.espon.lu and Koski, H., 
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from improvements in a strict engineering sense to economic efficiency gains. However, 

growth accounting is a limited tool as regards to how these mechanisms contribute to 

productivity growth. This drawback arises, partly, from the theoretical assumptions needed in 

order to construct the model by which productivity is measured (i.e. the production function), 

and which involve evaluating the joint contribution of all factors mentioned above as a 

residual, as pointed out by Solow in his famous remark, "the measurement of our ignorance". 

Notwithstanding these limitations, nowadays growth accounting stands as the most effective 

tool to explore in a standard and, thus, comparable way, the direct contribution to growth of 

labour, capital, and technology, leaving aside the discussion on how technology (meant as a 

broad concept here) translates into growth. Obviously, investment in ICT alone does not bring 

the positive effects associated with the new technologies. Still, capital accumulation in ICT 

assets might bring insights into ICT diffusion and the potential for growth it offers.  

Growth accounting has traditionally been applied at country-level. A distinctive feature of the 

present study, however, is that it applies the growth accounting framework to a regional case 

study, namely the Spanish region Andalucía, and must be seen as a first attempt at regional 

analysis.2 The use of the growth accounting framework to analyse the impact of ICT on 

productivity and growth must then be seen as a basic starting point for analysing these issues 

at the regional level. A clear advantage of this methodology is that it allows comparisons of 

productivity patterns between regions which have adopted ICT unevenly and, therefore, are 

also less likely to benefit equally from the potential offered by the knowledge-based 

economy. The methodology and theoretical framework used here are described in Section 2 of 

the Report.  

Section 3 reviews existing international evidence for a set of OECD countries. In particular, 

the results show that Spain is still lagging behind in terms of ICT impact on productivity and 

growth.  
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Sections 4 to 6 explore the contribution of ICT to the growth of the economy and labour 

productivity of Andalucía over the period 1995-2004. The analysis takes into account the 

structural factors specific to the Andalusian economy. Andalucía is a large Spanish region 

representing 17% of the national population and contributing 14% to the national Gross 

Domestic Product (GDP). The Andalusian economy has long been dominated by the 

agricultural sector. However, the service sector also represents a relevant share of the overall 

 
P. Rouvinen and P. Ylä-Anttila, (2002), ICT clusters in Europe: The Great central Banana and the Small 
Nordic Potato, Information Economics and Policy 14: 145-165. 
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economy, explained mainly by the fact that the region is a prominent tourist destination. 

Moreover, the relative weight of non-market services (public administration, education, 

health) within the service sector is more significant in the Andalusian economy than in the 

rest of Spain.  Considering all this, it is interesting to analyse how ICT investment is spread 

among the different sectors of the economy and to what extent it contributes to the 

productivity growth of the overall economy of the region. ICT assets have been classified into 

three items (Hardware, Software and Communication Equipment), according to the OECD 

(2002), and the ICT user sectors have also been selected according to the taxonomy 

recommended by the OECD (Energy & Water, Pulp, paper, printing & publishing,  Electric, 

electronic & optic equipment, Transport and communications, Financial intermediation, 

Business services, Private health & social services, Other community, social & personal 

services). 

 

The main results of the study are outlined in Section 7.  
 

 First, Spain stands among the least intensive ICT-user countries within the EU-15 area, a 

result which is consistent with previous studies. In turn, Andalucía is a less intensive user 

than Spain as a whole, but it is steadily converging towards the Spanish average.  

 Second, the contribution of ICT assets to industrial production outcome (measured as total 

market Gross Value Added (GVA) growth) is quantitatively modest but high in relative 

terms, especially when the proportion of ICT investment over the total expenditure 

incurred by companies in the production process is considered. In this sense, it can be 

concluded that the potential for a higher contribution of ICT capital to productivity 

growth is still significant.  

 Third, growth rates and levels of labour productivity are remarkably higher in the 

Andalusian intensive ICT user sectors, further reinforcing the previous assertion. 

 Fourth, the contribution of ICT investment to GVA and employment growth within the 

intensive ICT user sectors has experienced a considerable increase.  

 Fifth, the study shows that, in the case of the few intensive ICT using service sectors, ICT 

assets do have an important contribution to both GVA growth and productivity growth 

(Ex.: Financial intermediation, Business services, etc.).  

                                                                                                                                                         
2  See, in particular, Jorgenson, D. (2001) "Information Technology and the U.S. Economy," American 

Economic Review, Vol. 90, No. 1, March 2001, pp. 1-32; 
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 Finally, the main conclusion of the study is that while the contribution of ICT to GVA 

and productivity growth in Andalucía is noticeable, the advantages related to ICT 

diffusion have not yet reached their full potential.  

 
 
From a policy viewpoint, these results show that ICT can be seen as a lever for long-term 

productivity growth. Furthermore, given the very specific case-study considered here, the 

results show that the contribution of ICT to regional growth is tied to the existing conditions 

and structures of the Andalusian economy. In this sense, policies need to a large extent to be 

tailored according to regional-specific features. For instance, an important question concerns 

the identification of the main variables to speed up the diffusion of ICT and their 

corresponding expected effects. Adoption costs also are an important factor delaying the 

implementation of ICT in a given region. Given the potential positive impact of ICT on 

regional economies as evidenced in the present study, it is very important to identify the 

determinants of ICT adoption and to assess the way regional policy can help reduce potential 

barriers to ICT adoption. More generally, these results also show that the regional dimension 

of ICT contribution to productivity growth is worth considering as substantial differences may 

arise which could influence the long-term convergence of EU regions lagging behind. Future 

studies, as the one developed here for the case of Andalucía, could therefore be carried out for 

other EU regions in order to assess to what extent and under which conditions technological 

change has a favourable economic influence on regional development across the EU. 
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Introduction  

In March 2000, European leaders committed the European Union to becoming, by 2010, the 

most dynamic and competitive knowledge-based economy in the world capable of sustainable 

economic growth with more and better jobs and greater social cohesion, and respect for the 

environment (Kok, 2004). To achieve this goal, they adopted what was called the Lisbon 

Strategy. In spite of the disappointing performance of European Union and its Member States 

in pursuing the Lisbon objectives, several recent reports and Commission documents have 

reaffirmed the importance of the Lisbon strategy, emphasizing the role of the information 

society technologies in creating growth and competitiveness in Europe (see, for instance, 

Price Waterhouse-Coopers, 2004).  

Accordingly, the review and re-launching of the Lisbon Strategy in 2004 put special emphasis 

on the Information and Communication Technologies (ICT) as a means of meeting the 

challenges of boosting growth, competitiveness and cohesion throughout Europe. In addition, 

the European Commission adopted the initiative i2010: European Information Society 2010 

in July 2005, stressing the importance of this issue in the following terms "Information and 

Communication Technologies are a powerful driver of growth and employment. A quarter of 

EU GDP growth and 40% of productivity growth are due to ICT. Differences in economic 

performance between industrialised countries are largely explained by their levels of ICT 

investment, research, and use, and by the competitiveness of their Information Societies" (See 

http://europa.eu.int/information_society/eeurope/i2010/index_en.htm). 

These objectives will largely influence the EU economic policy agenda in the coming years 

and have already translated into concrete policy proposals to favour structural and 

technological changes across the EU. The assessment made by the European Commission on 

the National Reform Programmes also show that ICT usually rank high in measures taken by 

the Member States together with increases in R&D expenditure, and measures favouring the 

development of innovation poles and SME networking (European Commission, 2006a). 

Furthermore, in the context of the cohesion policy, public support is increasingly being used 

to accelerate deployment and use of ICT in the less developed areas of the Union, see 

European Commission (2006b). European research policy is also directly concerned by these 

questions as shown by the ICT research objectives in the EU’s Seventh Framework 
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Programme (FP7).  These involve the promotion of ICT to boost productivity and innovation, 

the modernisation of public services, and giving direct support to research to develop 

applications linked to ICT. A number of initiatives such as the "Regions of Knowledge" have 

also tended to reinforce EU emphasis on the need to adopt a regional approach to research 

policy. 

The growing number of EU policy initiatives that have included the i-2010 objectives calls for 

a better understanding of the way ICT favour knowledge and innovation diffusion and the 

emergence of new types of economic activities. From a research viewpoint, it has been widely 

documented that innovation activity is even more geographically concentrated than industrial 

activity; many have claimed that knowledge and technological spillovers are sharply reduced 

with distance3.  Increasingly, the ongoing transformations and structural/technological 

changes enabled by ICT are being studied by region, and more specifically, as part of regional 

innovation systems.  Still little is known, however, about the consequences of the advent of 

ICT use on regional economies In particular, the technological change propitiated by ICT is 

already affecting the geographical location of industries and productivity differentials across 

EU regions.  Existing empirical evidence shows that territorial agglomeration provide the best 

context for an innovation-based economy promoting localised learning and endogenous 

regional economic development. 
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There is increasing awareness of the fact that these elements strongly determine the way our 

economies and societies keep pace with, and possibly benefit from, the globalization process. 

These questions raise important prospective issues of direct relevance for the European 

Union. From a regional perspective, in particular, it is important to know whether these 

changes have any impact in terms of economic development and innovation dynamics 

differentials across EU regions. The dissemination of ICT across the EU economy appears to 

be a major lever for improving both productivity levels and competitiveness, and also 

encouraging the re-organization of production methods and the emergence of new activities. 

ICT also generate positive side-effects on the innovative capability through learning-by-doing 

and transfer of know-how. There is also an increasing awareness of the need to adopt, 

together with country-level initiatives, regional policies given that the nature of ongoing 

technological change and innovation dynamics have a strong local/regional component. 

Public policies need to be designed at this level as well.  

 
3  See, in particular, Fujita, M. and J. F. Thisse, (2002). 
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The situation of the Member States and the European regions with respect to ICT take-up 

vary widely [see ESPON (2005) and Koski et al. (2002)]. In order to effectively build policies 

addressing the needs and challenges posed by the advent of the so-called knowledge 

economy, it is necessary to develop tools and to gather relevant data to better understand the 

role ICT may play in economic growth and, particularly, in regional development. The work 

presented here focuses on the contribution of ICT investment to productivity growth using a 

growth accounting framework. The basic starting point of this methodology takes is rooted in 

the seminal work of Solow (1957), who introduced technological progress as a major source 

of economic growth, instead of attributing it exclusively to capital accumulation. Solow 

applied the growth accounting framework to disaggregate the contribution of so-called 

technological change from the relative shares of capital and labour. Since Solow's 

contribution, economic growth theories have focused on the identification of the sources of 

technological progress and technology dissemination, which are now unanimously seen as the 

ultimate source of long-term economic growth [see Barro and Sala-i-Martin (1995)]. In 

particular, economic analysis has shifted towards elements such as human capital (education 

and training), R&D and technology diffusion which could be used to increase both growth 

potential and productivity levels. The use of the growth accounting framework to analyze the 

impact of ICT on productivity and growth must then be seen as a basic starting point for 

analyzing these issues at the regional level. A clear advantage of this methodology is that it 

allows comparisons of productivity dynamics between regions which are unevenly adopting 

ICT and, therefore, are also less likely to equally benefit from the potential offered by the 

knowledge-based economy. Furthermore, as suggested above, technology adoption, 

knowledge spillovers and innovation all have a strong local/regional dimension, hence public 

policies need to be designed at this level as well. Important policy issues are at stake, in 

particular, the potential impact of ICT diffusion on regional cohesion within the EU. 

This study explores the contribution of ICT on economic growth and labour productivity 

growth of Andalucía over the period 1995-2004. Andalucía is a southern Spanish region that 

counts for 17% of the national population, contributing in 14% to the national Gross 

Domestic Product (GDP). The Andalusian economy has traditionally been agriculture-based. 

However, the service sector also represents a relevant share of the overall economy, explained 

mainly by the fact that the region is an important tourist destination. Moreover, the relative 

weight of non-market services (public administration, education, health) within the service 

sector is more significant in the Andalusian economy than in the Spanish one.  Bearing this in 
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mind, it is interesting to study how ICT investment affects the different sectors of the 

economy within the local economic structure. To date, no study has dealt with growth 

accounting at the regional level. Here, ICT are considered as a capital input disaggregated into 

three items: communication, hardware and software, using the series constructed in Mas, 

Pérez and Uriel (2003 and 2005a) and Mas and Quesada (2005a). Non-ICT capital inputs are 

also broken down into three items: building and construction, machinery and other equipment, 

and transport equipment.  Using these assets and those of labour inputs, the present study 

develops a growth accounting exercise in order to identify the contribution of each type of 

capital to economic and labour productivity growth. It should be noted here that the 

methodology that is followed is consistent with recent recommendations by the OECD (2001a 

and b), regarding this kind of study. The results are also compared with those obtained at 

Spanish national level by Mas and Quesada (2005, 2006). The period considered spans 1995 

to 2004, from which we have a consistent data set on regional accounts disaggregated into 25 

market economy sectors (agriculture, cattle farming and fishing sector included). This period 

also represents the longest expansion in the history of business cycles in Spain. We borrow 

from Mas and Quesada (2006) their typology that classifies sectors according to ICT-use 

intensity. Eight sectors are identified as specially ICT intensive. The main results are as 

follows. First, Spain appears as one of the least intensive ICT users within the EU-15 area, a 

result which is line with previous studies by Timmer, Ypma and van Ark (2003) and Daveri 

(2000). In turn, the ICT intensity level in Andalucía is lower than the national level, although 

it is steadily converging towards the Spanish average (IEA, 2002-2004). Second, the 

contribution of ICT assets to total market Gross Value Added (GVA) growth is quantitatively 

modest but higher than their cost shares. Third, although the share in GVA and employment 

generation has remained apparently constant during the period 1995-2004, the contribution to 

GVA growth and employment growth within the intensive ICT sectors has experienced a 

considerable increase in Andalucía. Fourth, growth rates and levels of labour productivity are 

remarkably higher in the intensive ICT sectors. Fifth, the study shows that ICT assets do have 

an important contribution in both GVA growth and productivity growth in a few intensive 

ICT service sectors. Finally, our main conclusion is that while the contribution of ICT to 

GVA and productivity growth in Andalucía are noticeable, the advantages related to ICT 

diffusion have not yet reached their full potential. 
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Framework of analysis  

This section briefly describes the standard growth accounting breakdown. All asset types, 

both ICT and non-ICT, are seen in terms of inputs. The production of good Qst in sector s at 

time t is given by the following homogeneous of degree one technology: 

 
 
 
where i = (1) constructions and 

other buildings, (2) machinery and other equipments, (3) transport equipments, (4) 

communication equipment, (5) hardware and (6) software, and αls and αis are, respectively, the 

share of labour and capital assets over total output. Assets K(i) labelled as i =  1, 2, 3 will be 

referred as non-ICT capital, and assets labelled as i = 4, 5, 6 will be referred as ICT capital 

inputs. Appendix B discusses how this "primal approach" is converted into the "dual 

approach", which allows the use of an exogenous rate of return within a non-parametric 

environment to calculate the estimates of contributions to growth and productivity. 

TFPst is the total factor productivity. Notice that a change in TFPst increases or contracts the 

amount of good Qst produced without altering the combination of inputs employed by the 

typical firm of sector s at time t. Hence, these changes in TFPst are usually associated to 

efficiency in the use of productive factors. HLst is total hours worked in sector s at time t, and 

KHst is a labour qualification index that increases when sector s accumulates skilled in 

relation to unskilled labour force. Appendix A gives a detailed explanation on how index KHst 

has been obtained. Simple algebra goes to the standard growth accounting equation: 

 

 

where γχst is the growth rate of χ in sector s, with χ = Q, HL, KH, K(i).Therefore, as long as we 

assume constant return to scale (homogeneity of degree one), output growth can be written as 

a linear combination of inputs growth rates. Consequently, TFP is estimated as a residual. 

Expression (2) can be also expressed as the growth rate of labour productivity: 
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In sector s, output per unit of labour (γQ
st − γHL

st) grows because ratios of capital per worker 

increase and/or the human capital index improves. Moreover, gains (or losses) in efficiency, 

as measured by ∆TFPs, entails an expansion (or contraction) on labour productivity. This 

simple methodology will be further applied here in order to gain a deeper insight into the 

sources of output growth in an international context and in Andalucía. 
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A look at international evidence 

Table 1.a reports calculations of labour productivity growth in hours worked (∆(Y/L)), total 

factor productivity growth (∆TFP), and the ratio of ICT capital over the sum of all asset types 

of capital (ICT/K), for the EU-15 countries and the US, over four sub-periods from 1980 to 

2004 (as measured by Timmer, Ypma and van Ark (2003) using data from the EU KLEMS 

database).4 Countries in this table are ordered according to the ICT capital deepening (ICT/K) 

during the last period 2000-2004. Some enlightening statistics are calculated in the lowest 

rows of the table. The ratio of capital deepening ICT/K had a continuous growth from 1980 to 

2004, indicating that the proportion of this capital stock accumulated by these economies is 

on average four times greater in 2004 what it was in 1980 (as measured by the average and 

the median). According to this criterion, five countries can be considered as intensive ICT 

users: Belgium, Finland, United Kingdom, Sweden and the United States. The ratio 

corresponding to the US economy in 2000-2004 is well above the mean and the median of the 

sample of countries considered here. France and Spain appear as ICT non-intensive users (see 

also Daveri, 2000; and Colecchia and Schreyer, 2002). Interestingly, the heterogeneity in the 

ICT use has increased across the total period, as shown by the standard deviation, from 

0.0055 to 0.0136. 

Table 1.a also displays a labour productivity slowdown during the last period, 2000-2004, for 

the ICT non-intensive users. However, for the intensive ones, there is an upward trend in 

productivity beginning in 1990. There is a similar pattern for the dynamics of efficiency, as 

captured by the TFP growth. 

The lowest panel of this table presents the correlation coefficients between ICT deepening and 

productivity, between ICT deepening and TFP, and, finally, between productivity and TFP, 

for the four sub-periods under consideration.  Correlation of ICT deepening with the two 

other variables is rather low and negative. However, for the period 2000-2004 this correlation 

becomes positive. Relative to its EU partners, Spain exhibits a poor performance in 

productivity growth and a negative TFP growth during 2000-2004.  

                                                 
4  See http://www.euklems.net/. 
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Finally, Table 1.b computes a simple breakdown of GDP growth and productivity growth for 

the period 2000-2004, using the same database. Output is assumed to be produced by three 

inputs, labour (in hours worked), ICT capital and non-ICT capital. The first panel of the table 

collects the growth rates of both GDP and the three inputs. ICT growth rates contrast sharply 

with those of non-ICT capital. Employment grows negatively in most of the countries. The 

second panel of Table 1.b presents the cost shares. Labour cost share is about 2/3 of total 

costs, as is usual in this type of analysis. The use of ICT input represents about 3% of total 

costs. Using these shares for weighting the growth rates, the last two panels of Table 1.b 

provide a breakdown of GDP growth and productivity growth. TFP growth is calculated as a 

residual, therefore rendered as a part of the growth factor unexplained by the use of 

production inputs.  

ICT capital appears as the main contributor to GDP growth within the ICT intensive group.  

Outside this group, ICT is also the most relevant factor for German GDP growth. Ireland and 

Greece are two important cases, where GDP growth has been mainly based on non-ICT 

capital inputs, and TFP growth rates are even higher than those of the ICT intensive group. 

The contribution of ICT to labour productivity growth always stands out as more important 

than that of non-ICT in the ICT intensive group. In the rest of countries, productivity growth 

is mainly due to the non-ICT input. Hence, ICT account for an important fraction of output 

growth and productivity growth for the intensive users. In the EU-15 as a whole, non-ICT 

capital favour output growth and productivity growth more than ICT input. Therefore, 

comparing all these contributions with those of the US (see the first and last rows of Table 

1.b), the European growth pattern appears to be rather different from that of the US economy.  

Now considering the specific case of Spain, this country appears to be a low-intensive ICT 

user. ICT is the smallest source of GDP growth, while employment is the main one. The 

effect of non-ICT on productivity is higher than that of ICT (0.41% > 0.19%), but the 

negative sign in TFP growth almost absorbs these increases (i.e. 0.41+0.19−0.53 = 0.07), 

implying that productivity grows at a rate equal to 0.07%. 
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Data and methodology 

Bearing in mind the results of the contribution of ICT to productivity growth in Spain, it is 

now worth considering the special case of Andalucía. First, it is important to note that ICT use 

in Andalucía is below that of Spain, as documented by the official survey ETICCE (IEA 

2002-2004), although it is worth mentioning that there are some signs of convergence towards 

the Spanish national levels.5 On the basis of the framework developed in Section 2, a growth 

accounting exercise requires the use of growth rates corresponding to output and production 

factors. This study follows the main branch of recent literature of growth accounting and the 

recommendations of OECD (2001a and b; Mas and Quesada, 2005), which use the concept of 

capital services, instead of gross or net capital stocks. 

The aim is to capture the productive services embedded in the stock of capital. The procedure 

to obtain series of capital services, to be used in growth accounting exercises, can be 

summarized in three stages.6 First, we need to have the capital stock expressed in standard 

efficiency units (we shall refer to this type of capital stock as productive capital); the OECD 

(2001b) describes this process, which consists of converting the gross stock of the assets to 

constant prices and then applying age-efficiency coefficients to the different vintages. Second, 

we have to aggregate these separate stocks to obtain overall measures of capital services for 

different kinds of activities or for the economy as a whole; this is done using the user costs of 

capital as weights. The user costs of capital can be seen as the prices of capital services and 

are assumed to measure the relative marginal productivity of different kinds of assets. Third, 

growth rates of capital services series have been computed using Törnqvist indexes. It allows 

us to explicitly consider changes in the structure of capital stock as a result of changes in the 

relative prices of assets.7
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As regards data, the main limitation is that there are no available series for capital assets 

disaggregated as ICT and non-ICT for Andalucía. We have overcome this problem by 

combining the works by Mas, Pérez-García and Uriel (2003) and Mas and Quesada (2005a 

and b). 

 
5  ETTICE stands for Encuesta de uso de las Tecnologías de la Información y de la Comunicación y del 

Comercio Electrónico en las empresas. It surveys the use of ICT by firms and is elaborated by Instituto 
Nacional the Estadística (INE) according to the methodology proposed by Eurostat. 

6  Appendix B contains further details on how series of capital services in Andalucía have been elaborated. 
7  These variations in the relative prices of assets are relevant in the case of ICT capital assets, especially in the 

case of hardware equipments where a huge reduction is observed across 1995-2004. 

 
18 



 
The R

ole

JR
C

 S
cientific and Technical R

eports 

 of IC
T in the E

conom
ic G

row
th and P

roductivity of A
ndalucia

Given these data sets, we have used the following criterion to identify the series for private 

capital at regional level. First, we use the work of Mas and Quesada (2005a), which provides 

an estimation of eighteen productive capital assets for Spain for 1964-2002. These series are 

also disaggregated into 25 market economy sectors. Non-ICT series have been grouped into 

three assets: building and construction, machinery and other equipment, and transport 

equipment. As standard in this type of analysis, ICT series have been aggregated into three 

assets: communication equipment, hardware and software. We have then followed a Box-

Jenkins ARIMA procedure to identify their structure and projected their values over the 

period 2003-2004. 

Second, we have borrowed from Mas, Pérez-García and Uriel (2003) their estimation of series 

for private and public capital for the period 1964-1998. Private capital is also disaggregated 

by 25 market economy sectors (agriculture and fishing sectors included) at regional level. For 

each sector in Andalucía and Spain, hence for 25 * 2 = 50 series, we have identified its 

ARIMA structure and projected its value over the period 1999-2004. Thus, 25 ratios of 

regional capital stock relative to the national capital stock have been calculated. These ratios 

are reasonably stable across the total period 1964-1998 and especially in 1990-1998 in all 

sectors and they do not suffer from discontinuities from 1999-2004. Within each sector, it has 

been assumed that these time varying ratios can been used to identify the series of capital at 

the regional level, that is, series of capital for the national aggregate have been pre-multiplied 

by these ratios.  

Series for Gross Value Added (GVA) for these 25 sectors come from the Regional 

Accounting of Instituto Nacional de Estadística (INE) for the period 1995-2004. The required 

level of sectoral disaggregation for the last two years is not available in some cases. 

Therefore, the latest available observation of the incomplete series has been extrapolated by 

means of the aggregate growth rates of the set of sectors that includes the sectoral breakdown 

we need. Since residential capital does not belong to the concept of productive capital, those 

which refer to rents from dwellings, incomes from private households with employed persons 

and real estate businesses have not been considered in the values of GVA (and, consequently, 

neither have they been considered in analogous measures of remuneration of employees or 

human capital). 
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Employment and education 

Table 2 shows the distribution of employment by educational levels in Spain and Andalucía 

for the period 1987-2004. Education is classified in five levels: illiteracy, primary education, 

secondary education, professional training and tertiary (university) education. The percentage 

of illiteracy in Andalucía is double the national average for the entire period. In 2004, 

illiteracy rate among the active population in Andalucía was 6% compared to 3% in Spain. 

The comparison of these rates over time shows that Andalucía lags about one decade behind 

Spain in the reduction of illiteracy. Regarding the three upper levels of education, the regional 

evolution follows that of Spain, although the share of qualified labour force in Andalusia is 2 

percentage points lower than the national average. This gap remains the same throughout the 

considered period. 
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We have developed an index of human capital accumulation that explicitly takes into account 

these different levels of education. Appendix A gives a detailed technical explanation on how 

this index has been constructed. We use the estimation of structural wages surveyed in 2002 

(our central year) by INE, as a proxy for productivity. Unfortunately, insight into the 25 

aforementioned sectors has not been possible due to sampling errors. Data are only available 

for 10 groups of sectors, as specified in Table 3. The main problem of this classification lies 

in the fact that it deals with heterogeneous sectors, according to ICT deepening, and this may 

induce a fixed effect bias. Table 3 specifies how market sectors have been mapped into these 
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ten groups. The criterion for classifying the different sectors according to their ICT intensity, 

that is, the ratio of ICT capital over the total stock of capital, is borrowed from Mas and 

Quesada (2005b and 2006). As we can observe from Table 3, eight sectors are identified as 

intensive users, three of them belonging to energy and industry, and the remaining ones to 

market services.  

In Table 3, some ICT intensive sectors, like "Energy and water", "Pulp, paper, printing & 

publishing" and "Electric, electronic & optic equipment", appear grouped together along with 

non-ICT intensive sectors. As the ICT intensity may imply a higher demand for qualified 

workers and a substitution of unskilled ones, this measure of human capital accumulation can 

be seriously distorted in these sectors. It is noticeable, however, that intensive ICT users 

within the service sector are grouped with a higher homogeneity. Another possible source of 

bias can arise from over-qualification of the labour force: skilled workers may be employed in 

occupations which actually require lesser levels of qualification.  

Notwithstanding these problems, the three remaining columns of Table 3 present the 

estimated index for 2000 and 2004 (where the base year is 1995 and the index has been 

normalized by 100). The highest increases are probably concentrated into the service sectors 

(groups 6, 7, 8 and 10). This may indicate that the effect of the fixed effect bias is moderate in 

these sectors. Not surprisingly, "Transport & communications", "Financial intermediation" 

and "Business services" present the highest increases in labour force qualification. 
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Growth accounting exercise 

1.1.   A look at some Andalusian growth facts 

Andalucía is one of the poorest regions of Spain in terms of income per capita. As regional 

statistics series show since they have been available for Spain, Andalusian GDP per capita has 

never exceeded 80% of the Spanish average value. There are, however, several phases in the 

relative evolution of Andalusian income per capita compared to that of Spain as a whole 

Table 4 shows the values of this variable during the period 1980 and 2005. 
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It is worth noting that the relative position of Andalucía over the entire period is highly stable, 

although a certain degree of convergence in income per capita can be identified from 2000. 

From late 70s onward, Spain experienced a sudden halt regarding regional convergence (see, 

for instance, López-Bazo et al. (1999)).  

This evidence has encouraged further research into the nature and characteristics of 

Andalusian growth patterns. Rodríguez, Martínez and Romero (2005) provide some insights 

into the regional dynamics of Spain over the period 1980-2002. Particularly, they reject the 

hypothesis of unconditional convergence among Spanish regions. On the contrary, it has been 

suggested that Spanish regions converge to differentiated steady states, rather than there being 

a common steady state level. In this sense, the evidence found, regarding the persistence of 

inequalities across the Spanish regions, that income differentials have hardly narrowed. Thus, 

initial conditions prove to be significant in the analysis of the relative position of regions in 

terms of income per capita. 

The results by Rodríguez et al (2005) are consistent with the evidence of a maximum level for 

the relative income per capita of Andalucía. Table 4 showed that Andalusian income per 

capita has never increased above the 80% ceiling of Spanish income per capita. This can be an 

indication that structural factors such as investment and saving rates, human capital stock, 

sectoral structure, level of technology and others, may explain to a large extent the 

unsatisfying convergence of the Andalusian region. Accordingly, issues such as ICT capital 

accumulation and the role of new technologies in the production process call for further 

research, as they are increasingly becoming part of the structural conditions for growth. 

Table 5 presents some descriptive statistics for Andalucía and compares them with those of 

Spain: GVA growth rate, total employment in labour growth rate (in hours worked), and the 

resulting productivity growth. The regional business cycle follows the national trend. The 

expansion is higher in the first period 1995-2000, and slowed down during 2000-2004. 

Andalusian GVA growth rate is always higher than the Spanish one. Employment creation is 

also higher during the first sub-period and superior to the GVA growth rate. As a result, 

labour productivity growth is negative during 1995-2000 and positive during 2000-2004. On 

average, labour productivity is positive but nearly zero throughout the decade. Therefore, the 

upsurge in productivity takes place in 2000-2004, as it does in Spain, due to a moderate 

employment creation relative to output growth. A detailed description of the properties of the 
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Andalusian business cycle can be found in Pérez, Rodríguez and Usabiaga (2003) and Leal, 

Pérez and Rodríguez (2004). 

 
 

1.2.   Aggregate impact 

As was shown in Section 2, the growth accounting exercises basically consist of relating 

growth rates of output to those of production factors. A primary approximation is to observe 

the behaviour of the relevant growth rates over the period under consideration. Table 6 

presents growth rates for productive capital (considering six types of assets), hours worked 

and human capital in Andalucía over 1995-2004, split into two time intervals.  
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The magnitude of growth rates of non-ICT assets was in line with those that correspond to 

regional output. While regional market GVA grew at an average annual rate of 3.53%, the 

non-ICT capital inputs increased their stocks at growth rates within a range from 4.51 of 

machinery to 5.79 of construction per year. The dynamics of non-ICT capital was the opposite 

to that of output. Indeed, real GVA showed a deceleration when both sub-periods are 

compared, while the three types of capital assets had higher growth rates in the second part of 

the studied period. 
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Hours worked, however, showed parallel behavior to output. With an annual growth rate of 

employment of 4.82% over 1995-2000, the increase during 2000-2004 was of only 1.59 per 

year. This is again an indication of the high dependence of Andalusian economic growth on 

the behavior of employment, with a significant correlation between output and hours worked 

growth. 

Things were different in the case of ICT assets. The growth rates of the three ICT inputs 

capital were notably higher than those corresponding to output and non-ICT capital, 

especially in the cases of hardware and software. The dynamics of non-ICT assets was not 

homogeneous. While Communications and Software held their growth rates (the first with a 

slightly decreasing trend, the second with the opposite behavior), hardware showed a 

declining evolution: growth rate was of 23.48% in 1995-2000 and of 18.59% in 2000-2004.  

In growth accounting exercises, these dynamics of production factors have to be weighted on 

the basis of the cost shares they represent. The expressions we refer to are those of Appendix 

B, in particular the α's calculated from (B3) and (B4), in which the share of cost of each 

production factor over total cost is measured. As we have already mentioned, this approach 

can be seen as the dual approximation to the participation of factors over output. Table 6 also 

includes the values for these cost shares. 

Labour input was the most important production factor in terms of total cost, accounting for 

three quarters of total costs.8 Considering the case of traditional non-ICT capital inputs, we 

find that the ranking was headed by machinery (with 0.085), followed by construction (0.068) 

and transport equipment (0.042). Their values over time were stable, although a slightly 

decrease is detected in construction. ICT capital assets had small cost shares over 1995-2004. 

Their alphas were within the range between 0.016 and 0.026.  

One of the reasons behind this fact is related to the small growth rates (even negative in some 

cases and periods) experienced by prices of ICT assets. This point could be strong enough to 

compensate for the intense growth rates of ICT productive capital stocks (.rst panel of Table 

6) and to stabilize their cost shares. Hardware even decreases this value when period 1995-

                                                 
8  In fact, its values are slightly higher than those corresponding to the traditional figures given by National 

Accounts (2/3). This is due to the methodology we have used to compute the capital services and the 
reassigning of mixed incomes. 
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2000 is compared to 2000-2004. Software assets showed the opposite pattern: their cost share 

increased from 0.012 to 0.020. 

Expressions (2) and (3) of Section 2 are now exploited to calculate the decomposition of 

growth rates for sectoral output and productivity. These results are also collected in Table 6. 

A number of facts are worthy of noting. First, the labour contribution appears as the most 

relevant engine of aggregate economic growth in Andalucía in both sub-periods. Hours 

worked accounted for over 72% of the real GVA growth rate during the period 1995-2004. 

This pattern does not hold by sub-periods, however. Labour contributed 3.61 percentage 

points to the GVA growth rate of 4.16% over 1995-2000 (86% of total GVA growth). 

However, between 2000 – 2004, it only contributed 1.19% when the output grew by 2.75% a 

year, (43% of total GVA growth). 

Second, it is easy to see that non-ICT capital inputs had a bigger impact on growth than ICT 

capital, which amounted to two thirds of non-ICT assets contribution. It must be noted that 

this effect of ICT inputs affected economic growth in Andalucia more than it did in Spain 

(Mas and Quesada, 2006). While the contribution of Andalusian ICT assets was of 18% of 

GVA total growth (0.64% over 3.53% of GVA growth), this figure was only of 12% for the 

national level. Another difference arises from the fact that both types of capital showed 

remarkably steady contributions to GVA growth over the entire period, which is not the case 

for the Spanish sample.  

Third, we can confirm the particular behaviour (and impact) followed by the different kinds 

of ICT assets detected when only the growth rates of these variables were studied. Indeed, 

while the contribution to growth of communications assets kept a stable pattern over time, 

hardware inputs presented a significant decrease in its contribution and the effect of software 

capital experienced a rising trend. This can be interpreted as an indication of the fact that ICT 

introduction and use in Andalucía are at different stages.  Particularly, it is reasonable to think 

that investment in hardware precedes that of software, and therefore different dynamics drive 

their evolution. Additionally, this point can also be linked to the particular laws of returns to 

scale of each type of ICT asset.  
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Fourth, the impact of human capital accumulation in Andalucía was positive although it has 

decreased from the period 1995-2000 to the period 2000-2004.  This is not the case for Spain 
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as a whole. At least two partial explanations can be found behind this result. The first is 

related to the huge empirical literature regarding the ambiguous effect of human capital on 

growth (De la Fuente (2002)). De la Fuente and Domenech (2006) have pointed out that the 

insignificant (or even negative) effect of education and qualification on growth is due to 

measurement errors in the variables used to proxy human capital, which lead to a downward 

bias. When data at regional level are involved, the probability of suffering this bias is higher. 

The second reason for the decreasing contribution of labour force qualification might be a 

certain exhaustion of the model of human capital accumulation, strongly based during the late 

80s and 90s on university tuition, which does not necessarily mean an efficient match 

between job vacancies and labour supply. This hypothetical explanation would be more 

intense at regional level as long as the regional job matching is not as efficient as in the 

deeper national labour market, and the over-qualification problem appears with more intensity 

at regional level.  

Fifth, the value of TFP was negative for the entire period and for the subdivisions into two 

time spans. This last fact is similar to the result obtained by Estrada (2006) and Mas and 

Quesada (2006) for Spain. This negative behaviour of TFP is one of the weak points of 

Spanish and Andalusian economy, although both results should be taken with caution. At this 

point, we should be aware that this negative TFP could be the result of measurement errors of 

employment and output growth rates. Some technical considerations may guess that 

employment growth could be overestimated while output growth underestimated.  

Sixth, regarding the decomposition of labour productivity growth, the most significant finding 

is that ICT assets contributed more to productivity growth than non-ICT assets. The impact of 

traditional capital inputs was about 30% smaller than that of new technologies. This situation 

was similar to that of Spain (Mas and Quesada, 2006), although in the Andalusian case the 

relative impact of ICT was not as relevant as it is in Spain. However, in contrast to the 

national sample, the influence of ICT on productivity growth has increased when the period 

1995-2000 is compared to 2000-2004. Again, hardware equipment showed a decreasing 

contribution to productivity growth as time went by, and the strong contribution made by 

software continued to grow. As regards communications assets, their impact was of around 

0.12 percentage points, also with an increasing trend.  

In conclusion, the order of dominance for the GVA growth rate can be written as: 
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L > non-CT > ICT 

while the order of dominance for the labour productivity decomposition could be written as: 

ICT > non-ICT. 

1.3. Sectoral impact 

Next, we follow the typology proposed by Mas and Quesada (2006) to classify sectors as 

intensive or non-intensive users. Table 7 presents the shares and contributions of each sector 

to total market GVA and employment. The GVA generated in the intensive ICT sectors was 

about 38% across the decade. Within this sector, five service sectors accounted for 34% of 

total GVA: "Transport and communications", "Financial intermediation", "Business services", 

"Private health and social services", and "Other community, social and personal services". 

Within the non-intensive ICT sectors, the primary sector plus four industrial sectors 

accumulated half of market GVA generation, which widely exceeds the shares in the intensive 

ICT sector: primary sector, "Food, drink and tobacco", "Construction", "Hotels and catering", 

and "Wholesale and retail trade and repairs". In this last sector, the share on GVA was the 

highest one. The stability of these shares throughout time was very high, with only minor 

differences.9 Consequently, the way and pattern through which GVA has been generated has 

not changed between 1995 and 2004. Regional GVA generation is concentrated in a few 

sectors of the economy. 
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Over the entire period, the share of hours worked in the intensive ICT sectors was smaller 

than it was in the non-intensive ICT sectors.  Additionally, the share of ICT intensive sectors 

in employment was below its share in GVA, rendering its average labour productivity higher. 

This fact was especially clear in the case of Business services: it accounted for 14% of 

regional GVA but its share on hours worked was only about 6%. The only exception to this 

stylized fact among the ICT intensive sectors was "Other community, social and personal 

services", in which the share on regional employment was slightly higher than its share in 

GVA over the decade. 

 
9  The sector Transport and Communications increased its share on GVA by 1 percentage point between 1995 

and 2004, while remained stable in Spain. Construction increased its share by almost 4 pp in the national 
sample while below 2 pp in Andalucía. 
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Regarding the right-side panel of Table 7, we calibrate the contribution of different sectors to 

total GVA growth and total employment growth. Intensive ICT sectors have contributed with 

1.52% and 1.25% of total GVA growth for periods 1995-2000 and 2000-2004, respectively. 

Total GVA growth rate has been 4.16% during 1995-2000 and 2.75% for 2000-2004. As a 

consequence, the contribution of intensive ICT sector has become much more relevant in this 

second sub-period: for each one percentage point in market GVA growth, the ICT intensive 

sectors contributed by 0.36 (= 1.52/4.16) during the first period, and by 0.45 (= 1.25/2.75) 

during 2000-2004. Using a similar arithmetic, for each 1% of employment creation, the 

contribution of intensive ICT sectors has increased from 0.20 to 0.25. 

It should also be highlighted from Table 7 that a quarter of total hours worked in Andalucía 

has taken place in sector "Wholesale & retail; Repairs", this is even more than total hours 

worked in the intensive ICT group, 23%. The "Construction" sector accumulated a 16:38% in 

total hours worked, this represented a 5% increase from 1995 to 2004. As regards the 

contribution to hours-worked growth, most of the employment creation has concentrated in 

these two sectors during the whole period, 1995-2004. "Hotels and catering" and the primary 

sector also showed high rates in the share of hours worked, 9% and 13%, respectively. 
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These results are extended in Table 8. Growth rates of the GVA and employment are 

calculated for the 25 market economy sectors, as well as the productivity growth and the level 

of labour productivity (aggregate productivity is normalized to 100). We then calculate simple 

averages over the two subgroups. Productivity growth and the level of productivity were on 

average higher in the ICT intensive sector. Such a difference increased during 2000-2004. In 

this sector, the level of productivity increased from 163.7 to 185.2, i.e. 13%, while in the non-

intensive ICT sectors the increase was only 4.63%. Comparing both groups, productivity was 

62% higher in the intensive ICT group during 1995-2000 and 76% higher for 2000-2004. 

Productivity performance in two sectors of the ICT intensive group was rather poor: "Pulp, 

paper, printing and publishing", and "Other community, social and personal services".10

 

                                                 
10  It should be noticed that both averages of productivity levels (those of ICT and non-ICT sectors) are above 

100 because they have not been obtained as a result of a sectoral weighting, but only a simple average. 
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Tables 9.a to 9.f present the structural decomposition proposed in Section 2 applied to the 25 

market sectors. Tables 9.a and b refer to the intensive ICT sectors and the remaining tables 

refer to the non intensive ones. Calculation of output-input growth rates, cost shares, and the 

contributions to growth and productivity are presented. Before commenting these results, an 

important caveat should be carried in mind when executing this analysis: the exercise is based 

upon a primary and approximate data source and some possible mistakes may arise. For 

instance, sectoral series of the different capital assets are extrapolations from the national 

series estimated by Mas and Quesada (2005). Second, data for years 2003 and 2004 are based 

on ARIMA projections. Third, the human capital index could only be disaggregated in 10 

groups of the 25 market economy sectors. This can be biasing the contribution of each asset to 

growth and productivity.  

Taking into account these drawbacks, from this collection of tables we highlight the following 

results. First, the most important impact of ICT on both GVA growth and productivity growth 

is observed in some of the intensive ICT sectors, mainly "Electric, electronic & optic 

equipment", "Transport & communications", "Financial intermediation", "Business services", 
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"Private health" and "Other community services". With the important exception of "Electric, 

electronic & optic equipment", they all belong to the service sector. The contribution of ICT 

to growth exceeded those of non ICT assets. As we have seen from Tables 7 and 8, the level 

of productivity was remarkably higher in these intensive ICT sectors. Also, the fraction of 

market GVA growth accounted by the intensive ICT sectors has been increasing with time. 

Intensive ICT sectors responded by a 0.45% from each 1% of market GVA growth in period 

2000-2004.  

In the financial intermediation sector, as a prominent example, the contribution of ICT to 

growth doubled that of the non-ICT assets in the second period. According to this 

decomposition, the positive productivity growth in this sector was due to investment on 

hardware and software, mainly, and to a lesser extent on communication networks. The role 

of hardware was higher than software during the first period, 1995-2000. However, this 

dominance reversed during the second period. Yet a considerable source of growth in this 

sector should be associated to human capital accumulation. These results widely reflect the 

dynamism shown by the Spanish banking and financial industry during the last ten years. 

In these intensive ICT sectors, the contribution of hours worked to growth is also a 

remarkable one. This contribution was higher than that of ICT in most of these sectors and for 

most of the periods ("Financial intermediation" is an important exception to this rule). 

 As a conclusion, the order of dominance in these decompositions can be written as follows:  

L > ICT > non-ICT 

 

This means that ICT is already an important contributor to GVA growth and productivity 

growth in these ICT intensive sectors but, in general, not so much as the labour input. A 

different pattern is found for the non-intensive ICT sectors. ICT have a negligible impact on 

growth and productivity in most of the ICT non-intensive sectors.  
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The labour input is found to be the main contributor of growth in most of these sectors. As we 

observed from Table 3, human capital accumulation is now lower, and its contribution to 

growth is small when compared to that of total hours worked. "Chemicals" and "Machinery & 

mechanical equipment" are two exceptions to this pattern. 
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Two paradigmatic cases are "Construction" and "Wholesale & retail trade". They together 

accumulated about a 40% of total employment and about a 30% of total market GVA in 2004. 

In both sectors, labour is by no doubt the main source of growth. Productivity growth is 

negative during the first period, positive in the second one, but negative on average from 1995 

to 2004. In "Construction", the effect of all asset types was negligible on the evolution of 

productivity growth. TFP is what matters in explaining productivity in this sector. On the 

contrary, non ICT capital assets explained most of labour productivity growth in the 

"Wholesale & retail trade" sector.  

As a conclusion, attending to both GVA growth and productivity growth decompositions, the 

order of dominance in the ICT non intensive sectors can be written as follows: 

 L > ICT > non-ICT 
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Finally, it should also be noticed that TFP growth was higher in the ICT non-intensive sectors 

than in the intensive ones. This is a very striking result, if we consider that TFP is associated 

to the efficiency by which a combination of inputs is used. Positive expansions in TFP imply 

that the same combination of resources can reach a higher level of output. Conversely, a 

contraction in TFP implies that firms must employ a higher combination of inputs to produce 

the same quantity of output. On the other hand, we have seen that productivity in the intensive 

ICT sectors is much higher than in the non intensive ones, and in ICT assets explain most of 

these increases in productivity. Hence, if these calculations are correct, the upsurge in 

productivity is due to a huge ICT capital accumulation that has overcome the efficiency losses 

in these ICT intensive sectors. 

Table 10 collects all these results on TFP across periods. With the exception of "Energy and 

water", the rest of ICT intensive sectors presented a negative TFP growth in both periods. 

This was not the case in the ICT non-intensive sector where TFP growth improves in the 

second period and was higher to that of the intensive sector on average. We propose two 

complementary explanations to this striking result. First, these calculations might be affected 

by important measurement errors11 and by several biasing problems.12 This is a drawback that 

we mentioned at the beginning of this section. A second explanation is that the advantages 

associated to the use of ICT are not yet available. Efficiency gains require some time to 

blossom. This paradoxical result we obtain, however, is parallel to that obtained by Mas and 

Quesada (2006) for Spain.  

                                                 
11  These disaggregated series are subject to important sampling errors. 
12  The over-qualification bias in the human capital index, or fixed effect biases due to aggregation of 

heterogeneous firms in some of the sectors. 
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Concluding remarks 

The recent experiences of the US and some European countries show that ICT investment 

promotes economic growth and labour productivity. However, the European Union as a whole 

is still lagging behind the US in terms of ICT contribution to productivity. As a way of filling 

this gap, the Lisbon Strategy and the initiative i2010 included a number of policy 

recommendations that aimed to make significant advances on this issue.  

Additionally, a number of economists have also claimed that the impact of ICT is sensitive to 

the existing economic structure and functioning of market for production factors, goods and 

services (see El País, 4 June 2006). Therefore, the use of new technologies should be viewed 

as an instrument for reversing productivity slowdown as long as they are properly combined 

with other policy measures such as the structural reforms promoted by the Lisbon Strategy. 

The present study adopts a regional approach in order to consider the impact of ICT on 

productivity growth. It provides some quantitative results on the impact of ICT on economic 

growth in Andalucía over the period 1995-2004. It should be remembered that Andalucía is a 

relatively poor region in the context of the EU-27, having severe problems of convergence in 

income per capita with the remaining Spanish regions. Its growth pattern has been strongly 

based on employment growth, which has led to small (even negative) growth rates of 

productivity and negative results in terms of efficiency in the use of production factors. 

A growth accounting methodology is used here, which breaks economic growth down into its 

main components and allows us to draw some conclusions. First, Spain is one of the least 

intensive ICT users within the EU-15 area and Andalucía is a less intensive user than Spain as 

a whole. Second, ICT assets account for less than non ICT assets in total market GVA growth. 

It is also found that the contribution of ICT to labour productivity growth exceeds that of non 

ICT assets. Third, once the different sectors of activity are grouped according their ICT 

deepening, and despite the fact that the share in GVA and employment generation has 

remained apparently constant across 1995-2004, the contribution of ICT to GVA growth and 

employment growth within the ICT intensive sectors has experienced a considerable increase 

in Andalucía. While 36.5% of total market GVA growth was produced in the ICT intensive 

group during the period 1995-2000, this percentage increased to 45.4% during 2000-2004. 

Concerning employment creation, these figures have risen from 20% to 25%, when 

considering the sub-periods 1995-2000 and 2000-2004. Fourth, growth rates and labour 
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productivity levels are undoubtedly higher in the intensive ICT sectors. Productivity has been 

82.7% higher in the ICT intensive sectors as compared with the non intensive ones in 2004. 

This gap in productivity has been increasing since 1995. Fifth, for a few intensive ICT service 

sectors, ICT assets have had an important contribution in both GVA growth and productivity 

growth. 

From a policy viewpoint, the results provided by this study show that ICT can be seen as a 

lever for long-term productivity growth. The question is whether policies aimed at 

encouraging the use of ICT should be mainly defined on a national or European basis or, by 

contrast, we should think of regional tailor-made initiatives. These results also show that the 

regional dimension of ICT contribution to productivity growth is worth considering as 

substantial differences may arise, which could influence the long-term convergence of those 

EU regions lagging behind. 

Further studies, like this one on Andalucía, should also be carried out for other EU regions in 

order to assess the extent to which technological change has an influence on regional 

development across the EU. 
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Appendix A. Labour force qualification index growth rate 

Consider first that labour force qualification is labeled by k. As productivity across different 

qualifications levels does not vary linearly, we will use the relative wage as a proxy the 

marginal rate of substitution. In Spain, estimations of relative wages are available through the 

Survey of Wage Structure (Encuesta de Estructura Salarial) for years 1995 and 2002. As our 

exercise is run over the 1995-2004, we have used that of 2002 as the pivotal year.  

Then, the index is constructed according to the following expression:  

 

 

with: 

 

 

 

and: 

 

 

 

where ∑k Φ(k, s, t) = 1. Hst is total hours worked by one unit of labour in sector s at time t, 

which we suppose identical for all levels of qualification k. On the other hand, wage (k, s, 

2002) is average earning per worker with education k at sector s at year t = 2002, as estimated 

by the Spanish Survey of Wage Structure 2002. Lkst is total number of workers with level k of 

qualification in sector s at time t. Finally, notice that:  
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Appendix B. Capital services and the cost shares of production 

factors 

 

This appendix provides further details on the computation of capital services series and the 

cost shares of production factors that we have used in the growth and productivity accounting 

exercise. Capital series services have been obtained according to the three stages described in 

Section 4. Particularly, let K(i)st be the productive capital of asset I in sector s at time t. This 

concept of productive capital can be seen as a volume index of capital services. The 

expression driving the concept of capital services in sector s for the asset i is as follows: 

 

where µist is, in turn, the user cost of capital and is defined as: 

 

 

where pis,t−1 is the price of asset i in sector s at t−1, rt is the nominal interest rate and qist is the 

rate of variation of price of asset i. Data we have used to deal with these variables come from 

several sources. Productive capital K(i)st has been taken from Mas et al (2005) and according 

to the territorial allocation and projections for not available values explained in Section 4. The 

prices of assets pis,t−1 have been elaborated on the basis of deflators provided by Mas et al 

(2005), and following the procedure they use for the Spanish case, that is, taking into account 

the US deflators for ICT assets and the relative prices between Spain and USA, as the OECD 

recommends to overcome the deficiencies of Spanish statistics. The nominal interest rate rt 

consists of the sum of the rate of return (exogenously fixed at 4%, as Mas and Quesada (2005) 

do) and the inflation rate, computed as a three year centered moving average of the 

Andalusian RPI. Depreciation rate dist has been obtained according to the methodology of 

Mas and Quesada (2005). It has been computed as the ratio of investment resources devoted 

to depreciation over the wealth capital stock. Finally, qist measures what extent the prices of 

assets varies and has been calculated as the three year centered moving average of the 

variation of prices of assets. Once the capital services are available, we are able to compute 

the cost shares which are needed for the growth accounting exercise. Contrary to the standard 

approach, based on the "primal problem", we follow here a "dual approach". As we have used 

an exogenous rate of return in determining the capital services of productive capital, the 
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estimates of TFP coming from the "primal problem" will not be the same than those of our 

methodology. Anyway, as Schreyer (2004) has pointed out, the approximation to equations 

(2) and (3) via cost shares is a reasonable technique which avoids some of the problems of the 

"primal problem", such as the need of obtaining econometric estimates of extent of returns to 

scale, of mark-up set over costs by firms, etc. 

The expressions of cost shares are given by the following formulae: 

 

 

 

 

where REst is the remuneration of employees in sector s and TCst is the sum of REst and VCSist. 

Mixed incomes have been reassigned into labour and capital according to the weight of 

remuneration of employees over the GVA. The next step refers to the way of computing the 

growth rates of each variable in the growth accounting framework. As was already said in 

Section 4, we have used a Törnqvist index to take explicitly account the changes in the capital 

structure of sectors. For instance, the growth rate of productive capital as a whole over the 

period between t and t−T is given by the following expression: 

 

 

where: 
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growth. The data and methodology used in the study are consistent with existing 
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