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Why has European growth slowed down since the 1990s while American
productivity growth has speeded up? This book provides a thorough and
detailed analysis of the sources of growth from a comparative industry
perspective. It argues that Europe’s slow growth is the combined result
of a severe productivity slowdown in traditional manufacturing and other
goods production, and a concomitant failure to invest in and reap the
benefits from Information and Communications Technology (ICT), in
particular in market services. The analysis is based on rich new databases
including the EU KLEMS growth accounting database and provides
detailed background of the data construction. As such, the book pro-
vides new methodological perspectives and serves as a primer on the use
of data in economic growth analysis. More generally, it illustrates to the
research and policy community the benefits of analysis based on detailed
data on the sources of economic growth.
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Preface and acknowledgements

Economic growth is a key factor in the improvement of our living stan-
dards and hence of great interest to academics and policy makers alike.
This book aims to explain why growth across Europe has been disap-
pointing since the mid 1990s, both compared to earlier periods and
compared to the United States, which showed resurgent growth after
1995. In the process we present the EU KLEMS database, a rich data
toolbox that can be used to explore these and other growth-related
questions. The main message of this book is that an industry perspec-
tive on growth and the sources of growth is essential because of the
great diversity in the drivers of growth in agriculture, manufacturing
and services industries, including trade, transport, financial, business
and personal services.

The empirical study of sources of economic growth has a long tra-
dition in Europe, starting as far back as the seventeenth century when
William Petty began to construct measures of economic performance
including comparisons of output and productivity in industry, trade
and transportation. Over the centuries, with the emergence of stan-
dardised national accounts and other internationally comparable sta-
tistical sources, the measurement of sources of growth has become
more sophisticated. During the second half of the last century, growth
accounting evolved as a standard methodology. In 1987, Jorgenson,
Gollop and Fraumeni published a pioneering study laying out what has
become known as the KLEMS approach. The KLEMS method mea-
sures the changes in the quantity and quality of capital (K), labour (L),
energy (E), material inputs (M) and service inputs (S) as contributions
to output growth. This approach has subsequently been particularly
useful in tracing the effects of the development and deployment of
information and communication technology (ICT) on the resurgence
of the American economy since 1995 (Jorgenson et al. 2005).

While the KLEMS methodology has been replicated in studies for
some individual countries, a standardised comparison of European

xiii
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countries has not been available until recently. This became increas-
ingly pressing in the early 2000s as European productivity growth
seemed to be on a declining trend, in the context of accelerating
growth in the United States and increasing competition from emerging
economies such as China and India. The slowing growth and falter-
ing emergence of the knowledge economy in Europe led to an ambi-
tious action programme of the European Commission, called the ‘Lis-
bon Agenda’, aimed at boosting competitiveness, primarily through
innovation. Monitoring and evaluation of progress in achieving these
goals required a comprehensive analysis of economic growth in Europe
based on a detailed industry-level database. With evidence of the ris-
ing importance of ICT and market services for growth, there was also
renewed attention given to measurement issues and the international
comparability of national statistics. Clearly, there was an increasing
need for new methods, comparable statistics and convergence of meth-
ods of measuring productivity. The aim of the EU KLEMS initiative
set up in 2003 was to meet this demand.

This study is the result of the multi-year, multi-national endeav-
our involving a large consortium of researchers. It was supported
by the European Commission, Research Directorate-General as part
of the 6th Framework Programme, Priority 8, Policy Support and
Anticipating Scientific and Technological Needs, and is part of the EU
KLEMS Project on Growth and Productivity in the European Union.
The grant made it possible to form a consortium of eighteen partners,
including universities and research institutes across Europe, as well as
Japan and the United States. The result of this collaboration is the EU
KLEMS Growth and Productivity Accounts database, publicly avail-
able at www.euklems.net. This database includes measures of output
and detailed capital and labour inputs, and derived variables such as
labour and multi-factor productivity at the industry level. The mea-
sures are developed for twenty-five individual European Union member
states, the United States and Japan and cover the period from 1970
onwards. This book combines a documentation of the EU KLEMS
methodology and database with a number of analytical studies that
have been carried out using the database. It can therefore be used as
the primary reference work for the current and future versions of the
EU KLEMS database. In particular Chapters 3 and 6 provide a detailed
account of the growth accounting and level accounting methodolo-
gies used in the EU KLEMS project. The analysis in the book is
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primarily focused on the comparative output and productivity per-
formance of the European Union, relative to the United States. In this
respect, Chapters 2, 4 and 5 reflect our assessment of the comparative
growth performance of the two regions during the period 1980–2005.

The current book is a reflection of the significant work carried
out by the EU KLEMS consortium that has led to the creation of
the online database, and a series of academic and policy publica-
tions on growth and productivity. The data work for the EU KLEMS
Growth and Productivity Accounts would not have been possible with-
out the input of all consortium members and the persons belong-
ing to these institutions. Our thanks go to Centre d’études prospec-
tives et d’informations internationals (CEPII), Paris (Michel Fouquin,
Laurence Nayman, Anita Wölfl); Centre for Economic and Busi-
ness Research (CEBR), Copenhagen (Martin Junge, Svend Hougaard
Jensen, Mickey Petersen); Netherlands Bureau for Economic Policy
Analysis (CPB), The Hague (Henry van der Wiel, Ate Nieuwen-
huis, Paul de Jongh); Deutsches Institut für Wirtschaftsforschung e.V.
(DIW), Berlin (Bernd Görzig, Martin Gornig, Rainer Vosskamp); Fed-
eraal Planbureau (FPB), Brussels (Chantal Kegels, Bernadette Bia-
tour, Jeroen Fiers, Bernard Klaus Michel, Luc Avonds); Istituto di
Studi e Analisi Economica (ISAE), Rome (Carlo Milana); Instituto
Valenciano De Investigaciones Economicas (IVIE), Valencia (Matilde
Mas, Javier Quesada, Ezequiel Uriel, Lorenzo Serrano); Helsingin
kauppakorkeakoulu (Helsinki School of Economics) (Matti Pohjola);
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Economic Research Institute (PTT), Helsinki (Janne Huovari, Jukka
Jalava) and individual contributors such as Kyoji Fukao (Hitotsubashi
University), Tsutomu Miyagawa (Gakushuin University), Hak K. Pyo
(Seoul National University) and Keun Hee Rhee (Korea Productivity
Center). We are particularly grateful to our colleagues at the University
of Groningen, the National Institute for Economic and Social Research
(NIESR) and the University of Birmingham for all their support
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1 Introduction and overview

1.1 Introduction

The late 1990s saw a major change in the comparative growth perfor-
mance of Europe and the United States. After the Second World War
labour productivity growth in Europe outstripped that of the United
States, leading to rapid catch-up. This provided a strong foundation
for rapid improvements in the standards of living across the continent.
However, since 1995 US labour productivity growth has nearly dou-
bled compared to earlier periods, while European growth rates have
declined. The slowing growth and faltering emergence of the knowl-
edge economy in Europe led to an ambitious action programme of the
European Commission, called the ‘Lisbon Agenda’, aimed at boosting
competitiveness and productivity through innovation. It emphasised
the need to increase spending on research and development and higher
education, and was combined with the aims of completing the sin-
gle market, opening up sheltered sectors, improving the climate for
business and reforming the labour markets while ensuring growth was
environmentally sustainable. The urgency was reinforced in reviews of
the Lisbon Agenda, in the Sapir report on economic growth in Europe
and in various post-Lisbon strategy debates and conferences (European
Commission 2004; Sapir et al. 2004).

The purpose of this book is to provide a comprehensive analysis of
economic growth in Europe over the past three decades that allows
an evaluation of progress in achieving the Lisbon goals. We analyse
why European growth has been slower since the 1990s, both rela-
tive to its own past and relative to that of the United States, and
we review a number of aspects of Europe’s productivity performance
and prospects. The main methodology used is the growth accounting
approach that decomposes output growth into the growth of inputs
and productivity growth. In this method, growth can be traced to
increased investment in capital goods and increased use of (skilled)
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2 Economic Growth in Europe

labour, or to increases in the efficiency with which these inputs are
used. Such productivity improvements can be the result of innovation
and technical change, but also of reallocation of resources due to,
for example, competitive pressure. We will argue that Europe’s falling
behind is the combined result of a severe productivity slowdown in tra-
ditional manufacturing and other goods production, and a concomi-
tant failure to invest in and reap the benefits from information and
communications technology (ICT), in particular in market services.
These results stem from a detailed industry-level analysis employing
new data on the sources of growth from the EU KLEMS Growth and
Productivity Accounts. This database contains detailed measures of
output, labour and capital inputs and derived variables such as labour
productivity and multi-factor productivity. Such data have not been
available on an internationally consistent basis until now. The book
illustrates the scope for rich analysis and robust results that can be
achieved from coherent measurement at the industry level.

Indeed, the main contribution of this book is to show the large differ-
ences in growth performance across industries and the implications for
aggregate trends. The chapters provide a detailed analysis of Europe’s
productivity performance since the 1970s and highlight the impor-
tance of structural change and the shifting contributions of goods-
and services-producing industries to aggregate growth. It unveils large
variations across industries in the use of skilled labour and ICT capital
and in the dynamics of productivity growth, not only between manu-
facturing and services, but also across detailed services industries such
as trade, transport, financial, business and personal services. The EU
KLEMS database has made these differences transparent for the first
time and, as we will argue, should be the cornerstone for future anal-
yses of European performance. Further study of the drivers of cross-
country differences in productivity performance, such as the effect of
restrictive entry regulations or innovation bottlenecks, will need to
confront and explore this industry heterogeneity. The databases pre-
sented in this book should therefore be part of the standard toolbox
of economists interested in growth and development across advanced
countries, and the methodological perspectives we offer can provide a
starting point for further work.

This chapter sets the scene for the remainder of the book and sum-
marises its main findings. We start with an overview of the various
perspectives on Europe’s falling behind since the 1990s in section 1.2.
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Much of this literature stresses the role of product and labour market
regulations in driving productivity growth and the increasing impor-
tance of innovation in Europe’s economy. To a large extent this work
on the ultimate sources of growth relies heavily on coherent mea-
sures of input, output and productivity as derived within a growth
accounting system. The analysis in this book follows a long history of
theoretical and empirical research in this area, surveyed in section 1.3.
Section 1.4 summarises the main findings of the book and outlines its
main contributions to the literature. Section 1.5 concludes.

1.2 Perspectives on Europe’s falling behind

Europe’s growth performance relative to the United States since 1950
can be usefully divided into three periods: 1950–73, 1973–95 and
1995–2006. During the first period, rapid labour productivity growth
in the European Union went together with a catching-up in terms of per
capita income levels with the United States. The reasons for this dual
catching-up process during the 1950s and 1960s have been extensively
discussed in the literature (see, for example, Crafts and Toniolo 1996
and Eichengreen 2007). The arguments include elements of imitation
of technology and incremental innovation combined with labour mar-
ket institutions. Compared to other parts of the world, Europe after
World War II already had a relatively well-educated population and
a strong set of institutions for generating human capital and financial
wealth, which allowed a rapid recovery of investment and absorp-
tion of new technologies developed elsewhere, notably in the United
States, known as catching-up. The ‘golden age’ of post-World War II
growth came to an end rather abruptly in the early 1970s, followed
by a period of significantly slower growth lasting almost two decades
on both continents (Maddison 1987). Table 1.1 shows that while US
GDP per capita growth slowed from 2.4% in the period 1950–73
to 1.8% in 1973–95, EU-15 growth slowed substantially more from
4.7% to only 1.7%. The reasons for this slowdown in the growth rate
in Europe include the gradual exhaustion of potential for catching-up
and a slowdown of investment rates. Globally, pervasive changes in the
international economic order through the breakdown of the Bretton
Woods system of fixed exchange rates, coupled with a severe oil price
shock in 1973, undermined the effectiveness of stabilisation policies.
Further discussions on the global growth slowdown during this period
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Table 1.1. Growth of GDP, GDP per capita and GDP per hour worked,
EU-15 and USA, 1950–2006

GDP GDP per
GDP per capita hour worked

1950–73
EU-15 5.5 4.7 5.3
USA 3.9 2.4 2.5

1973–95
EU-15 2.0 1.7 2.4
USA 2.8 1.8 1.2

1995–2006
EU-15 2.3 2.1 1.5
USA 3.2 2.2 2.3

Notes: Average annual growth rates (in per cent). EU-15 refers to the fifteen countries
constituting the EU up to 2004.
Sources: Calculations based on the Conference Board and Groningen Growth
and Development Centre, Total Economy Database, January 2007, available at
www.ggdc.net.

are provided by Crafts and Toniolo (1996), Baily and Kirkegaard
(2004) and Eichengreen (2007).

While GDP per capita growth rates became quite similar during
1973–95, labour productivity growth in the EU-15 was still twice as
fast as in the USA as unemployment rose and working hours declined.
But after the mid 1990s, the patterns of productivity growth in Europe
and the United States differed dramatically. In the United States, aver-
age annual labour productivity growth accelerated from 1.2% during
the period 1973–95 to 2.3% during 1995–2006. Comparing the same
two time periods, annual labour productivity growth in the European
Union declined from 2.4 to 1.5%.

Two main perspectives on the causes of Europe’s falling behind
arose around the turn of the millennium. One perspective focused
in particular on developments in labour and product markets. It has
been suggested that an employment–productivity trade-off manifested
itself in the era of increasing labour supply, arising from the reform of
labour markets and tax systems in Europe. During the 1990s, substan-
tial labour reforms were carried out in various European countries.
These reforms appeared to be quite successful in terms of employment
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creation as the declining trend in hours worked was reversed in many
countries (see, for example, Garibaldi and Mauro 2002). It is fre-
quently argued that the price paid for the employment miracle was
a drop in labour productivity growth (Blanchard 2004; Dew-Becker
and Gordon 2008). In addition, deep reforms took place in European
product markets, in particular for manufacturing goods in the context
of the single European market. Similar reforms in services markets
though have been much slower and seen as an obstacle to growth.
In particular, in the wake of the ICT revolution tighter regulation
in product and labour markets has reduced flexibility and may delay
the uptake of the new technologies available (Nicoletti and Scarpetta
2003; Griffith et al. 2007; Bassanini et al. 2009).

Another strand of the literature focuses more on institutional char-
acteristics of educational and innovation systems in Europe and argues
that the European slowdown is mainly related to difficulties in switch-
ing from growth based on imitation to growth based on innovation.
As Europe gradually reached the technology frontier, future growth
had increasingly to come from domestic innovation. Instead, Europe
still relied on outdated inflexible industrial structures, with low and
medium-tech manufacturing dominating and with declining produc-
tivity growth rates. This sector suffered from global competition from
new EU member states and the emerging economies, especially India
and China. In this view a strong innovation system based on increased
R&D expenditures and reformed educational systems is the key to
renewed European growth (Sapir et al. 2004; Aghion and Howitt
2006).

1.3 Growth accounting

Analyses of the European growth slowdown rely heavily on good mea-
sures of labour, capital and productivity, and the growth accounting
approach appears to be especially useful in this regard. Using this
methodology, measures of output growth can be decomposed into the
contributions of inputs and productivity within a consistent account-
ing framework. It allows for an assessment of the relative importance
of labour, capital and intermediate inputs to growth, and for mea-
sures of multi-factor productivity (MFP) growth to be derived. MFP
measures play a major role in the analysis of growth and also fea-
ture prominently in this book. Under strict neo-classical assumptions,
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MFP growth measures disembodied technological change, although in
practice measured MFP can include a range of other effects. These
include unmeasured inputs related to organisational change and other
intangible investments, returns to scale, any externalities related to
investment, as well as measurement errors. In addition MFP measured
at the industry level includes the effects of reallocation of market shares
across firms. All these effects can be broadly summarised as ‘improve-
ments in efficiency’, as they improve the productivity with which inputs
are used within the industry (see section 3.6 for a more detailed discus-
sion). The reader is referred to the excellent summary of the historical
roots and theoretical aspects of this method in Hulten (2001; updated
2010), including its production function origins, sources of biases,
index number issues and links with growth models.

Application of the growth accounting methodology has come in
several waves. The first coincided with the main theoretical break-
throughs from the end of the 1950s to the 1970s and includes the
seminal contributions of Tinbergen (1942), Solow (1957), Denison
(1962), Jorgenson and Griliches (1967) and Diewert (1976). Although
this first wave dealt mainly with the USA, various growth account-
ing studies on the European countries followed, including Carré et al.
(1975) for France and Matthews et al. (1982) for the United King-
dom. The second wave, partly overlapping with the first, included a
series of international comparative studies, including Denison (1967),
Christensen et al. (1981) and Maddison (1987). In 1987, Jorgenson,
Gollop and Fraumeni (1987) published their standard work outlining
the growth accounting approach based on the KLEMS methodology,
which measured the growth contributions of capital (K), labour (L),
energy (E), material inputs (M) and service inputs (S), as well as the
composition of these inputs to identify quality changes. Jorgenson
(1995a, b) provides a compendium of studies made in the first two
waves.

The third wave of growth accounting, during the 1990s, was trig-
gered by the intensifying debate on the sources of the rapid growth in
East Asia and other emerging economies, and the future of what was
perceived by some primarily as an unsustainable input-driven growth
process (Krugman 1994; Young 1995; Collins and Bosworth 1996;
Nelson and Pack 1999). Further impetus came from the rise of ICT
as an increasingly important source of growth in advanced economies.
The Solow productivity paradox – that ‘you can see the computer age
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everywhere but in the productivity statistics’ (Solow 1987) – led to a
surge in studies trying to explain the US growth acceleration, as well
as why Europe was lagging behind.

In the first round of studies, aggregate growth trends in the United
States were analysed. Accelerating labour productivity growth was
mainly attributed to increasing investment in ICT goods and improve-
ments in MFP (Jorgenson and Stiroh 2000; Oliner and Sichel 2000).
Industry-level MFP trends were still unavailable, but rough estimates
by ‘backing out’ MFP growth in IT production suggested that most of
the aggregate MFP acceleration could be traced back to rapid techno-
logical change in ICT-goods-production.1 However, as more detailed
industry-level data became available, the focus broadened to include
not only ICT-goods-producing industries but also service industries
that are heavy users of ICT. This research was initially based on an
analysis of labour productivity (Nordhaus 2002; Stiroh 2002), but
quickly the needed data on industry capital were developed and the
focus shifted to MFP. Studies by Triplett and Bosworth (2004) and
Jorgenson, et al. (2003; 2005) showed that the biggest contributors
to aggregate ICT-capital deepening were a limited number of service
industries, in particular trade, finance and business services. In addi-
tion to growth in ICT-goods manufacturing, rising MFP growth in
these service industries appeared also to be important in explaining
the US productivity acceleration.

After some delay, similar studies became available on European
growth. The first set of growth accounting studies for Europe relied
heavily on private data sources on ICT expenditure collected out-
side the System of National Accounts (Schreyer 2000; Daveri 2002).
They found that although ICT-investment growth also accelerated in
Europe, its lagging behind the USA was mainly due to lower levels of
ICT investment. This conclusion was confirmed once investment series
from National Accounts became available (Colecchia and Schreyer

1 The latter point is stressed especially by Gordon (2000). Triplett and Bosworth
(2004) and Jorgenson et al. (2005) show that this ‘backing out’ of
ICT-production MFP from aggregate MFP can be highly misleading as it
generates only a net measure of MFP growth outside ICT-production.
Industry-level studies show that MFP growth rates outside ICT-goods
manufacturing have also been high. However, high growth in some industries
was cancelled out by low or negative MFP growth in many others, as discussed
in more detail in the chapters below.
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2002; van Ark et al. 2002; Vijselaar and Albers 2004; Timmer and
van Ark 2005). Typically, they found that the contribution of ICT
capital deepening to aggregate labour productivity growth in Europe
was only half of what the contribution was in the USA. In contrast to
the USA, aggregate MFP growth in Europe did not accelerate. This dif-
ference could only partly be attributed to the smaller ICT-producing
sector in Europe compared to that in the USA and hence must be
sought elsewhere in the economy (Pilat et al. 2002; van Ark et al.
2003; Timmer and van Ark 2005).2

A detailed study of labour productivity growth at the industry level
by van Ark et al. (2003) suggested that much of the failure of Europe
to achieve its own labour productivity growth revival in the late 1990s
could be traced to the same industries that performed so well in the
United States, particularly trade and finance; this was confirmed by
O’Mahony and van Ark (2003). Labour productivity growth in these
industries lagged behind severely in Europe, and given their high ICT
intensity in the USA, Europe’s problem seemed to be related to slow
ICT adoption. In this type of study, industries were grouped into ICT-
producing, ICT-using and non-ICT-using based on the ICT intensity
of industries in the USA. The basis for allocation to particular groups
was, however, weak and results were sensitive to the choices made
(Daveri 2004). In addition, it presumed a common ranking of indus-
tries on the basis of ICT use across all countries. Without detailed
information on ICT and non-ICT investment for individual industries
and countries, it remained unclear which industries were responsible
for the gap in ICT investment between Europe and the USA and slug-
gish European MFP growth. Inklaar et al. (2005) were the first to
consider the experience in Europe using a comprehensive dataset that
separated ICT and non-ICT investment at the industry level, but this
was limited to four EU countries: France, Germany, the Netherlands
and the UK.3

In conclusion, this section highlights that a significant research effort
in the past was devoted to explanations of Europe’s poor relative

2 The ICT-producing sector might also have additional productivity-enhancing
effects through technology spillovers to other sectors. However, there is little
evidence so far: a case study of Finland did not find much support for this
(Daveri and Silva 2004).

3 At the same time various individual country studies appeared, such as Oulton
(2002) on the UK and Daveri and Jona-Lasinio (2005) on Italy.
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productivity performance, but much of this was carried out at a time
when detailed industry-level data were not available, and much of
the literature refers to a limited set of countries. With evidence of the
increasing importance of ICT and market services for growth, there
was also renewed attention to measurement issues (Griliches 1992;
Sichel 1997; Triplett and Bosworth, 2004) and international compara-
bility of national statistics. Work at the OECD highlighted problems
in comparability of ICT investment and price deflators and output
measurement of market services (Schreyer 2002; Ahmad 2003; Wölfl
2003). Clearly, there was an increasing need for new methods, com-
parable statistics and convergence in methods of measuring produc-
tivity. The aim of the EU KLEMS initiative set up in 2004 was to
meet this demand. This resulted in the construction of the EU KLEMS
Growth and Productivity Accounts that provide the main building
block for the comparative analysis of economic growth in Europe in
this book.

1.4 Book summary and contribution

This book provides the detailed analysis required to delve deeply
into the reasons for Europe’s poor productivity performance since the
1990s, both relative to its own past and relative to the USA. Our main
focus is on the performance of the European Union as a whole, given
the increasing integration of the European economies and the grow-
ing importance of pan-European policies. Throughout the book we
analyse growth in the European Union on the basis of data for ten of
the fifteen countries constituting the EU before 2004, namely Austria,
Belgium, Denmark, Finland, France, Germany, Italy, the Netherlands,
Spain and the United Kingdom. Together the ten countries provided
93 per cent of the EU GDP in 1995. Occasionally, though, we also
provide analysis of individual countries to illustrate the diversity of
growth paths within Europe.

The main dataset used in our analysis is the EU KLEMS database
that provides comparable and harmonised statistics on inputs, outputs
and productivity trends for a wide range of countries from 1970
onwards within a growth accounting framework. The EU KLEMS
database was constructed by a consortium of seventeen research insti-
tutes across Europe in close co-operation with national statistical
institutes, as described in the Preface. The acronym KLEMS stands
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for capital (K), labour (L), energy (E), material (M) and services (S)
inputs at the industry level. The database is publicly available at www.
euklems.net. In addition to growth statistics, we rely on new estimates
of relative levels of productivity across countries that allow for analysis
of catch-up and convergence. Throughout the book, we devote consid-
erable attention to a discussion of the details of the data employed and
of the main methodological perspectives, illustrated with numerical
examples. This function is fulfilled in Chapter 3 for growth account-
ing and in Chapter 6 for level accounting. The international effort that
went into constructing the databases and the choice of methods of
analysis together mean that the discussion in this book presents more
information on Europe’s relative performance than has been avail-
able in the literature to date. This allows for a deeper investigation
of the main differences between high- and low-performing countries
and industries. More generally, it illustrates to the research and policy
community the benefits of analysis based on detailed data.

We argue that an industry perspective provides important additional
insights when compared to more aggregate analyses. For example, the
industries that appear to be responsible for the European slowdown,
mainly in manufacturing and other goods production, are not the same
as those driving the increasing gap with the USA, which are mainly in
trade and business services. Given the large variation in the techno-
logical characteristics and regulatory environments of these industries,
this has profound implications for further policy analysis. In addition,
we show throughout the book the consequences of using detailed input
measures that take account of heterogeneity in inputs. For example,
accounting for the changing skill distribution of the labour force and
the increasing use of ICT-capital assets can lead to rather different
measures of MFP growth. In addition, comparisons of MFP levels are
highly sensitive to the use of cross-country price ratios across indus-
tries. The impact of the use of crude or more data-intensive measures of
productivity in growth and convergence analysis is discussed through-
out the book. We also stress the numerous measurement problems that
still hinder this type of analysis and argue that the benefits from addi-
tional data detail have to be weighed against the reliability of these
data and the desire to achieve international comparability. As such,
the book provides new methodological perspectives and so is useful
not only as a guide to the EU KLEMS database, but also as a primer
on the use of data in economic growth analysis.
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The main body of the book begins in Chapter 2 with a broad analysis
of economic growth in Europe in the past three decades based on the
EU KLEMS database, following van Ark et al. (2008). It first presents a
growth accounting decomposition for the EU aggregate and compares
it to one for the USA. When looking at these growth accounts from
the perspective of the emerging knowledge economy, it appears to be
useful to focus on the summed contributions of three factors: direct
impacts from investments in information and communication technol-
ogy; changes in labour composition mostly driven by greater demand
for skilled workers; and multi-factor productivity growth, which might
include the impact of intangible investments such as organisational
changes related to the use of information technology. This chapter
shows that the combined contribution of these three factors to labour
productivity growth in Europe was only 1.1 percentage points dur-
ing 1995–2005, whereas they accounted for 2.6 percentage points
in the US. It highlights the important role of multi-factor produc-
tivity growth; whereas MFP growth in the United States accelerated
from 0.7% in 1980–95 to 1.3% in 1995–2005, the same measure
declined from 1.0 to 0.3% between these two periods in the European
Union.

The remainder of the chapter delves more into what underlies these
aggregate trends and argues that some of the reasons for the European
slowdown are related to particular structural characteristics of the
European economy. Employment and productivity growth strongly
declined in goods-producing industries such as agriculture, mining and
construction that had been major drivers of aggregate growth in the
past. Also technologically less sophisticated manufacturing industries
suffered in this period, especially in Spain and Italy, in the face of
increasing global competition. The movement of labour towards low-
productive services further dragged down aggregate growth. Whereas
market services emerged as a new source of growth in the USA, this
did not happen in the EU.

A consideration in greater depth of market services reveals that
transatlantic growth differences were especially large in distributive
trade and business services. This suggests new opportunities for Euro-
pean growth driven by innovations in market services, enabled by
investment in ICT. Within Europe, this transformation is already tak-
ing place to some extent: market services in the Netherlands, Sweden
and the United Kingdom have contributed almost as much to aggregate
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labour productivity growth as in the United States. In contrast, Ger-
many, Italy and Spain have showed almost zero contributions from
market services.

Chapter 3 begins with a description of the growth accounting
methodology that forms the organising principle of the EU KLEMS
database. It is based on production possibility frontiers where indus-
try gross output is a function of capital, labour, intermediate inputs
and the level of technology. The first section of this chapter outlines this
methodology, bringing the reader through the necessary equations and
the underlying assumptions. It then considers in more detail the data
series required to implement the growth accounting method, dividing
them into outputs and intermediate inputs, labour services and capital
services. In each case both the data requirements and additional techni-
cal assumptions are discussed. The chapter illustrates the complexities
involved in a measurement exercise of this type and in turn demon-
strates the richness of the data, in particular in its detail on labour and
capital composition. It emphasises the need to breakdown these inputs
into their components in order to fully comprehend sources of growth
in an international perspective. It is well known that all workers should
not be treated as equally productive and the literature review above
emphasises a similar need to divide capital inputs by type of asset. Not
doing so can lead to biased research results and erroneous policy con-
clusions. While few would dispute this, its practical implementation
raises difficult issues that these sections highlight.

The second part of Chapter 3 is devoted to a discussion of vari-
ous measurement issues that the EU KLEMS database could not fully
address. Examples include the measurement of output in non-market
services (health, education and public administration), difficulties in
comparing types of labour across countries and the issue of using
ex-ante or ex-post rates of return in calculating capital services. The
chapter also includes a detailed discussion of the interpretation of MFP
and its limitations as a measure of technology. A separate section is
devoted to an overview of measurement practices in Europe concern-
ing market services output. This finds that differences are still large in
Europe but greater harmonisation is being achieved.

In Chapters 4 and 5 the broad analysis of Chapter 2 is comple-
mented by more detailed analysis using the information by industry
available in the EU KLEMS database. Chapter 4 argues that despite
important differences, the processes of economic growth in the EU and
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the USA share a set of common characteristics when viewed from a
long-term perspective. To this end, common trends in the two regions
since 1980 have been identified. Foremost is the shift in the shares of
employment and output from goods-producing industries to market
services, continuing the trend earlier identified by Kuznets (1971) and
Maddison (1980). Their analyses relied strongly on the dichotomy
between industry and services. We argue that the treatment of the
services sector as a homogeneous and stagnant sector, in contrast to
dynamic manufacturing, is no longer warranted. The use of ICT and
skilled labour is increasing throughout the economy, and in particular
in market services. We also find that in the past decades, distribution
services had productivity growth rates at least as high as goods pro-
duction. In contrast to personal services, these industries do not suffer
from Baumol’s cost disease (Baumol 1967), either in the EU or the
USA. Finance and business services have the highest levels of skill and
ICT use and increasing employment shares, but long-run productivity
growth trends have been flat. Given the large differences in technical
progress and input structures within the services industries, we con-
clude that reliance on an aggregate representation of the services sector
is no longer warranted.

In Chapter 5 we return to the analysis of the European productivity
growth slowdown and provide a detailed analysis of the sources of
growth in Europe and the USA based on data for twenty-six individual
industries. It outlines a decomposition method that allows the tracing
of industry-level contributions to aggregate productivity growth. These
contributions are derived by weighting growth in the volume of inputs
and productivity in an industry by its share in aggregate value added.
In this way, the aggregate growth accounts in Chapter 2 are enriched
with industry-level detail. Aggregate analysis shows that during 1995–
2005 ICT investments contributed twice as much to aggregate labour
productivity growth in the USA as in Europe. In Chapter 5 it is found
that in twenty-three of twenty-six industries, the contribution of ICT
was higher in the USA than in the EU, which is driven by differences
between the two regions in the shares of ICT in value added, rather
than by differences in growth rates. This in turn reflects the earlier
adoption of ICT technology in the USA, possibly related to the more
intensive use of high-skilled (graduate) labour. Given their heavy use
of ICT, financial and business services are responsible for more than
half of the EU–USA difference in the contribution of ICT capital.
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In chapters 2 and 5 it is also argued that trends in MFP growth
are crucial in understanding performance in the EU relative to that
in the USA. In the EU, MFP growth rates declined in eighteen of
twenty-six industries between 1980–95 and 1995–2005. There was a
declining trend in the contribution of MFP growth in most manufac-
turing industries, as well as strong decelerations in agriculture, mining
and construction. In the period 1980–95, these industries were strong
drivers of aggregate growth in the EU. Post and telecommunication
was the only sector that showed an increased contribution across the
two periods. In contrast to Europe, MFP growth in the USA acceler-
ated in many industries, especially in market services. Whereas their
combined contribution was about zero in the earlier period, market
services contributed half of US MFP growth in the later period, in par-
ticular in wholesale, retail and automotive trade. During 1995–2005
MFP growth in the USA was higher than in the EU in eighteen of
twenty-six industries. Based on so-called Harberger diagrams (Har-
berger 1998), US growth is shown to be widespread across industries
and is characterised as having a yeast-like pattern, while in Europe
growth is more localised in a few industries and so can be described as
having a mushroom-like pattern.

In addition to slowing MFP growth, growth in Europe also suffered
from decelerating non-ICT capital deepening. This decline was per-
vasive as contributions to aggregate labour productivity growth after
1995 decreased in nineteen of twenty-six industries. The contribution
of the mining sector and business services, heavy users of non-ICT
capital, diminished strongly, but there was also widespread decline
across all manufacturing sectors. The reduction in the contribution of
non-ICT capital deepening is probably linked to moderation of wage
growth in Europe, which raised the price of capital relative to labour,
and to increasing global competition in manufacturing.

While the analysis in the earlier chapters mainly concerns trends in
growth, Chapter 6 provides additional information on productivity
levels, particularly useful for those interested in issues of convergence
and growth. Various growth theories argue that the potential for future
growth is closely related to a country’s distance from the technology
frontier. If the gap is large, rapid growth can be achieved through the
imitation and adaptation of technologies developed elsewhere. Coun-
tries near the technology frontier, however, need to base growth more
on domestic innovation. This chapter contains extensive methodology
and data sections reflecting the difficulties in measuring output, input
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and productivity levels across countries. It then presents the results
on comparisons of productivity levels and ends with an application of
the data in convergence regressions. It is shown that in 2005 the EU
led the USA in eight industries: mining, post and telecommunication,
finance and five manufacturing industries. In other major industries
like construction, retail and automotive trade, European MFP levels
are on a par. However, big gaps relative to the USA are found for
industries like agriculture, business services and, in particular, electri-
cal machinery. This wide range of relative productivity levels highlights
the importance of a detailed industry analysis. Aggregate productiv-
ity statistics might suggest that the EU is trailing the USA in terms of
innovation and technological prowess, but the technological distance
between these two regions is highly industry-specific. This is also true
for patterns of catch-up and convergence. Additional analysis of con-
vergence trends in a set of twenty countries between 1980 and 2005
indicates that about half of the twenty-four industries show decreas-
ing dispersion, while the other half show increasing dispersion of MFP
levels. There is no dominant convergence trend in sectoral productivity
growth across advanced countries.

The main finding from this chapter is that a sizeable labour pro-
ductivity gap has opened up between the EU and the USA since
the 1990s. In 2005, the (log) gap in labour productivity between
the EU market economy and the USA was 37 percentage points.
Of this gap, 8 percentage points were due to a higher-skilled labour
force and 5 percentage points were due to higher capital intensity
in the USA. The latter hides two opposing forces – although ICT
intensity was much lower in the EU, non-ICT levels were higher.
The remaining gap of 24 per cent is explained by the differences in
the efficiency with which labour and capital are used, as measured
by multi-factor productivity. Looking at the industry origins of this
gap, it is clear that business services account for a significant part
of this difference, as a large productivity gap has opened up in this
sector.

Finally, Chapter 6 undertakes an econometric analysis of possi-
ble determinants of MFP growth using a technology-gap specification
commonly used in the literature. The results of this analysis provide
no evidence for spillover effects of ICT-capital or skills to productivity
growth. Returns to investment in ICT and human capital seem to be
captured fully by the investor and they cannot explain the differences
found in MFP growth across countries.
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Chapter 7 concludes this book with a brief discussion of prospects
for productivity growth in Europe and an exploration of a number
of issues that might help in understanding the drivers of productivity
growth. It suggests that future growth in Europe will depend crucially
on the path taken by market services. In disentangling productivity it
points to important remaining deficiencies in measurement, including
the output of the banking sector and of the non-market services sectors,
and in developing measures of intangible capital inputs. Much work is
already underway in these areas and these additions to the literature
are briefly reviewed. The chapter also considers the role of demand and
resource allocation in driving productivity growth. It stresses the need
for more studies based on firm-level data to complement industry-level
analysis for further disentangling the drivers of productivity. However,
in line with the overarching message of this book, it is argued that the
important differences in performance and characteristics of industries
are equally significant for improving our understanding of firm-level
analyses.

1.5 Concluding remarks

The analysis in this book ends in 2006, just before a major global
financial crisis and economic downturn emerged. This begs the ques-
tion of whether the growth and productivity analysis presented here
still has relevance given the significant changes in economic conditions.
There is no doubt that the crisis, which came to full effect by the end
of 2008, had an immediate effect on investment and productivity over
the short run. The question remains as to the implications of the crisis
in the medium and long term. A pessimistic view would be to expect a
move towards greater risk aversion among firms and their financiers,
leading to a period of slow growth in investment and a reluctance to
introduce new technologies and to innovate. This could have adverse
impacts on firms’ propensities to invest in the inputs that were most
important in the previous decade, namely ICT, human capital and
other intangibles. A more optimistic view would be that the economic
downturn increases incentives for innovative entrepreneurs to redirect
resources for exploring new techniques and applications. In this case
the impact in the medium to long term might be increased investment
in innovation and their related inputs. As yet, it is too early to tell
how this will play out, as it will be related to the pace and pattern of
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global growth and competitiveness and to institutional rearrangements
on financial and capital markets. Regardless, the analysis in this book
indicates that future growth in Europe has to come to an important
extent from improvements in market services productivity. As attested
by the US experience of the past decade, strong productivity growth
in service industries is a realistic possibility, and this may perhaps be
extended beyond the most successful cases of the distribution and busi-
ness services sectors to other services industries, including non-market
services. Despite the contributions from the new analysis presented in
this book, we still face major challenges in improving the measure-
ment of output, inputs and productivity growth in these industries. It
remains important that we continue to develop robust statistical data
that allow investigators to examine these trends.



2 Economic growth in Europe

2.1 Introduction

After World War II productivity growth in Europe boomed, providing
a strong foundation for rapid improvements in the standards of living
across the continent. But since the mid 1990s, Europe has experienced
a significant slowdown in productivity growth. Average annual labour
productivity growth (measured as GDP per hour worked) in the fifteen
countries that constituted the European Union up to 2004 declined
from 2.4% in the period 1973–95 to 1.5% in 1995–2006. Conversely,
productivity growth in the United States significantly accelerated from
an annual average of 1.2% in the period 1973–95 to 2.3% 1995–
2006. While the USA was able to reap the benefits of the dawning
knowledge economy, the European Union seems to have missed the
opportunity to revive economic growth. In this chapter we will argue
that there are distinct reasons for the European productivity slowdown
and US acceleration since the mid 1990s. Our detailed industry-level
analysis reveals that traditional manufacturing and other goods pro-
duction no longer acted as major engines for the European economy.
At the same time, Europe has been slow in taking up the benefits
from the knowledge economy. In contrast to the USA, productivity
growth in market services has not accelerated. We consider various
explanations that are not mutually exclusive. The European growth
slowdown might be related to long-term trends in the structure of
the economy, such as the increasing demand for low-productive ser-
vices and a gradual exhaustion of the potential for growth based on
catching up in traditional technologies. In addition, the slower emer-
gence of the new knowledge economy in Europe might be due to lower
growth contributions from investment in information and communi-
cations technology (ICT), the small share of technology-producing
industries in Europe, and slower multi-factor productivity growth
which proxies for advances in technology and innovation. Underlying
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these are issues related to the functioning of European labour markets
and the high level of product market regulation in Europe. This chap-
ter emphasises the key role of market service sectors in accounting for
the productivity growth divergence between the two regions.

We focus on the European productivity experience, especially in the
period since 1995, using a new and detailed database called the EU
KLEMS Growth and Productivity Accounts. The level of detail in this
database allows explicit consideration of a number of issues: changes
in patterns of capital–labour substitution; the increasing importance
of investment in information and communications technology; the use
of more high-skilled labour; the different dynamics across industries,
like ICT-producing industries, manufacturing and services; and the
diversity of productivity experiences across the countries of Europe.
The rest of the chapter is organised as follows. In the next section, we
provide a brief overview of GDP per capita and productivity growth
in Europe and the USA since 1950. In section 2.3, aggregate output
growth is decomposed into growth of factor inputs and multi-factor
productivity (MFP) based on the growth accounting methodology.
We find that while MFP in Europe slowed down in the 1990s, it
accelerated in the USA. In the remainder of the chapter we zoom
in on industry-level sources of growth. We argue in section 2.4 that
Europe’s slowdown is mainly grounded in declining performance in
goods-producing industries. At the same time, employment is shifted
to less productive services industries, further dragging down aggregate
growth. However, developments in the USA show that the potential
for growth has increased, driven by ICT-enabled innovation in market
services. Section 2.5 argues that a new EU–US productivity gap has
opened up, in particular in trade and business services. A case study
of retailing illustrates that realisation of this potential will crucially
depend on changes in the regulatory environment. As some Euro-
pean countries have already followed the US growth path, diversity in
growth patterns across Europe is increasing as discussed in section 2.6.
Section 2.7 concludes.

2.2 European and US productivity growth since 1950

Slower labour productivity growth in Europe than in the United
States reverses a long-term pattern of convergence. The comparative
European experience in GDP per capita, GDP per hour and hours
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Figure 2.1. GDP per hour worked and GDP per capita, total economy, EU-15
as percentage of USA, 1960–2007. EU-15 refers to the fifteen countries consti-
tuting the European Union before 2004 (Austria, Belgium, Denmark, Finland,
France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Por-
tugal, Spain, Sweden and the United Kingdom). Relative levels are based on
purchasing power parities for GDP for 2002 from the OECD. (Source: Based
on the Conference Board and Groningen Growth and Development Centre,
Total Economy Database, January 2007, available at www.ggdc.net.)

worked per capita is illustrated in Figure 2.1. The GDP measures are
compared to the US levels and are adjusted for differences in relative
price levels using the GDP-based purchasing power parities for 2002
from the OECD.

In the 1950s and 1960s, rapid labour productivity growth in the EU
went together with a catching-up in terms of GDP per capita with the
USA. European productivity growth was characterised by a traditional
catch-up pattern based on the imitation and adaptation of foreign tech-
nology coupled with strong investment and supporting institutions.
However, the traditional post-war convergence process came to an
end by the mid 1970s. In the light of this study, a striking observation
is that while per capita income in Europe hovered around 75–80 per
cent of the United States after 1973, the productivity gap between the
EU and the USA continued to narrow. During this period labour pro-
ductivity growth in the EU-15 was still twice as fast as in the USA. The
labour productivity gap virtually closed, from 25 percentage points in
1973 to only 2 percentage points in 1995 (see Figure 2.1). In some
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European countries (including Belgium, France and the Netherlands),
GDP per hour worked in 1995 was even higher than in the USA. The
combination of an unchanged gap in per capita income and a narrow-
ing gap in labour productivity was – by accounting identity – related
to a decline in Europe’s labour force participation rates and a fall in
working hours per person employed. Working hours per capita in the
European Union countries declined from approximate equality to the
US level in 1973 to only 76 per cent of the US level by 1995 (Crafts
and Toniolo 1996; Baily and Kirkegaard 2004; Eichengreen 2007).

A substantial literature has explored why Europe’s labour market
institutions led to less work during this period. Blanchard (2004)
stresses how the trade-off between preferences for leisure and work
developed differently in Europe and the United States. Prescott (2004)
estimates that the role of income taxes can account for virtually all
of the differences in labour participation rates across European coun-
tries. Nickell (1997) shows that besides high payroll taxes, other labour
market issues, such as generous unemployment benefits, poor educa-
tional standards at the bottom and high unionisation with little co-
ordination, also play an important role in accounting for Europe’s rise
in unemployment since the mid 1970s. Europe’s welfare state expanded
rapidly in the 1970s, causing an increase in labour cost, a strong bias
towards insiders in the labour market and an increase in structural
unemployment in particular among young and elderly workers.

One result of Europe’s slowing growth in labour input was a rapid
increase in capital intensity, as the rise in wages supported the sub-
stitution of labour by capital. Figure 2.2 shows that in the market
economy, Europe’s capital services per hour worked was at 82 per
cent of the US level in 1973, but increased rapidly to 95 per cent in
the mid 1990s. Some European countries (including Austria, Belgium,
Finland, France, Germany and the Netherlands) had levels of capital
services per hour worked which were even above the US level in 1995.1

As a result, the high labour productivity levels in the European Union
by the mid 1990s should be interpreted with care. Economists draw
a distinction between labour productivity, which can be measured by
value added per hour worked, and multi-factor productivity, which is

1 Figure 2.2 provides figures on the market economy, while Figure 2.1 refers to
the total economy including non-market services; see section 2.3 for further
discussion. Chapter 6 provides further evidence on level estimates.
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Figure 2.2. Productivity and capital intensity levels, market economy, EU-10
as percentage of USA, 1980–2005. Data for European Union refers to EU-
10; see Table 2.1. (Source: Based on EU KLEMS database, March 2008,
and GGDC Productivity Level database (Inklaar and Timmer 2009b) (see
Chapters 3 and 6 for methods and sources).)

the level of output after accounting for both labour and capital inputs.2

As we will argue in more detail below, even though Europe experienced
relatively strong growth in labour productivity, the growth in multi-
factor productivity was much lower. Figure 2.2 shows that relative
MFP levels in the EU remained stagnant between 1980 and 1995. This
indicates that Europe’s higher labour productivity growth during this
period may not have been so much the result of catch-up, access to
superior technology or even faster innovation, as largely attributable
to accumulated labour market rigidities.3

2 This definition of multi-factor productivity is based on a value-added
production function. A more general definition, including intermediate inputs,
is discussed in Chapter 3.

3 Using a model estimating diminishing returns to hours worked and employment
and assuming hours worked and the employment rate being the same as in the
United States, a study by Bourlès and Cette (2007) shows estimates of
‘structural’ hourly productivity for several continental European countries that
are 10–15 percentage points lower than ‘observed’ productivity. While the
results of such models may be sensitive to the specifications, these estimates are
sufficiently large to suggest some role for labour market institutions in
explaining Europe’s productivity convergence between 1973 and 1995.
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The second break in relative EU–US growth performance, which is
the focus of this chapter, occurred in the mid 1990s when the catching
up of labour productivity also came to a halt. In the United States,
average annual labour productivity growth in the market economy
accelerated from 1.9% during the period 1973–95 to 2.9% during
1995–2006, while growth in the European Union declined from 2.5
to 1.5%. By 2006, relative GDP per hour worked in the EU market
economy had dropped about 10 percentage points compared to 1995.
Similarly, Europe’s capital input levels came down significantly from
the mid 1990s.

The slowdown in labour productivity may be related to the rapid
growth in labour input in many European countries, reversing the long-
run declining trend. During the late 1980s and 1990s, several Euro-
pean countries introduced labour market reforms and instigated active
labour market interventions to bring long-term unemployed people to
work and raise the participation rate (Blanchard 2004). The slowdown
in productivity growth and the decline in relative capital intensity in
Europe since 1995 beg the question of whether, since limited employ-
ment growth accompanied higher labour productivity in Europe in the
1973–95 period, that pattern was reversing itself in the more recent
time period (Dew-Becker and Gordon 2008). This trade-off might hold
true for the short run, but there is little evidence that there is a long-run
relationship between employment and productivity growth. While, in
the short run, labour productivity growth might decline because of
the dampening of real wage growth and consequent reduction in the
rate of substitution of capital for labour, it is unlikely that the elas-
ticity of labour input on productivity would be large in the medium
and long term.4 This will crucially depend on the endogenous devel-
opments in investment rates and technical change. As will be shown
below, the rate of technical change in Europe, as measured by multi-
factor productivity, also slumped. A related argument is that increases
in employment have raised the share of less productive workers in the
workforce, causing labour productivity to decline. However, there are

4 Bélorgey et al. (2004) estimate a long-term productivity elasticity with regard to
participation of −0.5 with regard to the employment rate and −0.35 with
regard to hours worked per person. In contrast, McGuckin and van Ark (2005)
find that the productivity response to a 1 per cent rise in participation is less
than −0.3 and peters out in less than five years.
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no signs of a significant slowdown in the skill level of the labour force
pointing towards a strong rise in low-skilled labour in Europe. On the
contrary, as will be shown in Chapter 4, the average skill level of the
employed labour force continued to increase throughout the 1990s.
Thus, the labour market is unlikely to be the main explanation for the
long-term slowdown in labour productivity growth.

When put into a comparative perspective, the productivity slow-
down in Europe is all the more disappointing as US productivity
growth has accelerated since the mid 1990s. The causes of the strong
US productivity resurgence have been extensively discussed elsewhere
(as a starting point, see Jorgenson et al. 2005). In the mid 1990s, there
was a burst of higher productivity in industries producing information
and communications technology equipment and a capital-deepening
effect from investment in ICT assets across the economy. This was
driven by the rapid pace of innovation in information and communi-
cations technologies, fuelled by the precipitous fall in semiconductor
prices.5 With some delay, arguably due to the necessary changes in
production processes and organisational practices, there was also a
productivity surge in industries using these new information and com-
munications technologies – in particular in market services industries
(Triplett and Bosworth 2006). In Europe, the advent of the knowledge
economy has been much slower. In the next sections, we exploit the EU
KLEMS Growth Accounts database to develop a better view of how
inputs and productivity trends at the industry level have contributed
to the change in the growth performance of European countries, in
particular in comparison with the United States.

2.3 Growth accounting for Europe and the United States

To assess the contribution of various inputs to GDP growth, we apply
the neo-classical growth accounting framework pioneered by Solow
(1957) and further developed by Jorgenson and associates (Jorgen-
son and Griliches 1967; Jorgenson, Gollop and Fraumeni, 1987). By
using this framework, measures of output growth can be decomposed
into the contributions of inputs and productivity within a consistent
approach. It allows for an assessment of the relative importance of

5 Aizcorbe and Kortum (2005) provide a vintage model that aims to explain the
price decline.
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labour, capital and intermediate inputs to growth, and for measures
of multi-factor productivity growth to be derived. The output con-
tribution of an input is measured by the growth rate of the input,
weighted by that input’s income share. Under neo-classical assump-
tions, the income shares reflect the output elasticity of each input and,
assuming constant returns to scale, they sum to one. The portion of
output growth not attributable to inputs is multi-factor productivity
growth. As a residual measure, multi-factor productivity has multiple
interpretations, but in some way it reflects the overall efficiency of the
production process.6

Our growth decompositions are based on the March 2008 release
of EU KLEMS database. In Chapter 3 of this book, growth account-
ing and the data sources and methodologies used in the construction
of this database will be discussed in detail, so we will be brief here.
The EU KLEMS database provides harmonised measures of economic
growth, productivity, employment creation and capital formation at
a detailed industry level for European Union member states and the
United States from 1980 to 2005. In particular, this database con-
tains unique industry-level measures of the skill distribution of the
work-force and a detailed asset decomposition of investment in phys-
ical capital. Labour input reflects changes in hours worked, but also
changes in labour composition in terms of age, gender and educational
qualifications over time. Physical capital is decomposed into eight asset
categories, of which three are information and communications cap-
ital – information technology hardware, communication equipment
and software – and five are capital that does not involve information
and communications technology – including machinery and equip-
ment, transport equipment and non-residential structures. Residential
capital, which does not contribute in any direct way to productivity
gains, is excluded from the analysis.

The EU KLEMS database has made it possible for the first time to
compare and analyse the role of high-skilled labour and information
and communications technology capital for productivity growth at an
industry level across countries. In this book, our focus is on the market
economy, which means that we exclude health and education services,
as well as public administration and defence. While we recognise that

6 See section 3.6 for an elaborate discussion of the interpretations of multi-factor
productivity measures.
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some output of these sectors is provided by (semi-) private institutions,
and that the extent of the private industry share varies across countries,
we refer to these sectors as ‘non-market services’. Output measurement
problems in these sectors are substantial, and in most countries output
growth is measured using input growth, in particular for government
services. In such cases, comparisons of productivity growth do not
make much sense.7 This exclusion implies a faster productivity growth
in both the European Union and the United States since 1995 than
for the total economy, but the difference in the pace of acceleration
between the two regions does not change.8 Also, in the remainder
of the book, figures for the European Union are based on data for
ten countries: Austria, Belgium, Denmark, Finland, France, Germany,
Italy, the Netherlands, Spain and the United Kingdom. It excludes
Greece, Ireland, Luxembourg, Portugal and Sweden from the set of
fifteen countries which constituted the EU before 2004, because no
industry-level accounts dating back to 1980 were available for these
five countries. Together the ten countries (the EU-10) generated 93 per
cent of the EU-15 GDP in 1995. In 2004, the EU expanded to include
ten new member states, mainly in Central and Eastern Europe, and, in
2007, to include another two; the new members are not included in
any EU aggregate in this book but they are included in various tables
on an individual basis.

Table 2.1 provides a summary picture of the growth contributions
of factor inputs and multi-factor productivity to labour productivity
growth in the market economy in the ten European Union countries
and in the United States for the periods 1980–95 and 1995–2005.
Comparing the periods before and after 1995, output growth in the
European Union has been more or less constant. As described at length
in the previous section, hours worked in the European Union grew
rapidly after 1995, to some extent making up for the shortfall in the
earlier period. In contrast, the growth in hours worked slowed down
very substantially in the United States – in particular after 2000 – even
though the average growth rate in hours was comparable to that of the
EU in the period 1995–2005. As a result labour productivity growth

7 We also exclude real estate (ISIC 70), because output in this industry mostly
reflects imputed housing rents rather than sales of firms. Consequently,
residential buildings are taken out of the capital stock for the market economy.

8 See Table 3.9 for more.
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Table 2.1. Decomposition of output growth, market economy, EU and
USA, 1980–2005

European Union United States

1980–95
1995–
2005 1980–95

1995–
2005

1 Market economy output ((2) + (3)) 2.1 2.2 3.2 3.6
2 Hours worked −0.5 0.7 1.3 0.7
3 Labour productivity ((4) + (5) + (8)) 2.5 1.5 1.9 2.9

Contributions from:
4 Labour composition 0.3 0.2 0.2 0.3
5 Capital services per hour ((6) + (7)) 1.2 1.0 1.0 1.3
6 ICT capital per hour 0.4 0.5 0.7 1.0
7 Non-ICT capital per hour 0.8 0.4 0.3 0.3
8 Multi-factor productivity 1.0 0.3 0.7 1.3

Contribution of the knowledge
economy to labour productivity
((4) + (6) + (8))

1.7 1.1 1.6 2.6

Notes: Contributions to growth of output volume in the market economy (annual
average growth rates, in percentage points). Data for European Union refers to ten
countries: Austria, Belgium, Denmark, Finland, France, Germany, Italy, the Nether-
lands, Spain and the United Kingdom. ‘ICT’ is information and communications
technology.
Source: Calculations based on EU KLEMS database, March 2008; see Chapter 3.

in the US market economy doubled compared to a large slowdown in
Europe after 1995.

Table 2.1 also shows that changes in labour composition contributed
at most 0.3 percentage points to labour productivity growth both in the
European Union and the United States during this entire time period.
Even though this contribution is small, its positive sign implies that
the process of transformation of the labour force to higher skills has
proceeded at a steady pace both in Europe and the United States. This
confirms the observation above that Europe did not raise its share
of low-skilled workers during the employment expansion phase after
1995. Instead, the upward trend in the skill content of the employees
shows that newcomers on the labour market have had, on average,
more schooling than the existing labour force. Concerning the contri-
bution of capital deepening to labour productivity growth, measured
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by capital services per hour, Table 2.1 shows somewhat larger differ-
ences between the European Union and the United States compared to
labour composition. This contribution declined in Europe while rising
in the United States between the two time periods. The specific con-
tribution of information and communications technology per working
hour in Europe has been lower than in the United States and, since
1995, it has accelerated more slowly (Timmer and van Ark 2005).
This slower uptake in ICT-capital deepening is in part related to the
overall decline in capital–labour ratios across Europe since the mid
1990s, as European employment grew rapidly, while investment rates
remained essentially constant.9

The largest difference among sources of growth between the Euro-
pean Union and the United States shown in Table 2.1 is in the con-
tribution of multi-factor productivity growth. Whereas multi-factor
productivity growth in the United States accelerated from 0.7% in the
period 1980–95 to 1.3% in 1995–2005, the same measure declined
from 1.0 to 0.3% between these two periods in the European Union.
Multi-factor productivity includes the effects of technological change,
along with non-constant returns to scale. But as a residual measure
it also includes measurement errors and the effects from unmeasured
output and inputs, such as research and development and other intan-
gible investments, including organisational improvements. Broadly, it
indicates the efficiency with which inputs are used in the production
process, and its reduced growth rate is therefore a major source of
concern across Europe.10

When looking at these growth accounts from the perspective of
the emerging knowledge economy, attention might be directed at the
summed contributions of three factors: direct impacts from invest-
ments in information and communications technology, changes in
labour composition, mostly driven by greater demand for skilled
workers, and multi-factor productivity growth, which – as indicated
above – might include the impact of intangible investments such as
organisational changes related to the use of information technology.
Table 2.1 shows that the combined contribution of these three fac-
tors to labour productivity growth almost fully explains the EU–US

9 Chapter 5 provides a detailed analysis of capital–labour ratios in Europe at the
industry level.

10 See Chapter 3 for an elaborate discussion of the MFP concept.



Economic growth in Europe 29

1
9

8
0

–
9

5

1
9

9
5

–
2

0
0

5

1
9

8
0

–
9

5

1
9

9
5

–
2

0
0

5

1
9

8
0

–
9

5

1
9

9
5

–
2

0
0

5

1
9

8
0

–
9

5

1
9

9
5

–
2

0
0

5

1
9

8
0

–
9

5

1
9

9
5

–
2

0
0

5

1
9

8
0

–
9

5

1
9

9
5

–
2

0
0

5

1
9

8
0

–
9

5

1
9

9
5

–
2

0
0

5

Figure 2.3. Sources of labour productivity growth, market economy, EU coun-
tries and USA, 1980–2005. (Notes and sources: See Table 2.1.)

labour productivity growth gap since 1995. In Europe they contributed
only 1.1 percentage points during 1995–2005. In contrast, in the US
economy the contribution of these three knowledge economy compo-
nents was already 1.6 percentage points during 1980–95, and further
increased to 2.6 percentage points during 1995–2005.

Table 2.1 also provides a first clue to the causes of the European
slowdown. Rapid employment growth was not matched by increasing
investment rates and the growth in capital per hour worked slowed
down. While the use of ICT capital rapidly increased, this was counter-
balanced by the slowing pace of non-ICT capital intensification. The
biggest decline though was in the contribution from MFP, accounting
for more than two-thirds of the labour productivity growth slowdown.
This decline in the contribution of MFP was a widespread phenomenon
in major European countries. Figure 2.3 provides a similar growth
accounting decomposition of growth in the major European countries:
France, Germany, Italy, Spain and the UK. All countries benefited from
increased contributions from ICT, but this was counteracted by strong
declines in the growth rate of non-ICT capital per hour worked. In
addition, MFP growth rates decelerated, or even turned negative after
1995. As a result, all countries experienced declines in labour produc-
tivity growth, in particular, Italy and Spain. Only the growth pattern
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Figure 2.4. Major sector shares in total hours worked, total economy, EU
countries and USA, 1980 and 2005. (Notes and sources: See Table 2.1.)

of the UK seemed to follow that of the United States with strong
contributions from ICT capital and MFP growth. Previous industry-
level analyses suggested that slowdown in continental Europe might
be particularly due to a heavy reliance on traditional goods-producing
industries. We therefore turn first to an analysis of structural change
and the industry sources of aggregate growth.

2.4 Structural change and the European slowdown

Both Europe and the United States have experienced a major shift of
production and employment from manufacturing and other goods-
producing industries towards services. In Figure 2.4 we provide the
shares in total hours worked in the five major sectors in 1980 and
2005. Data are provided for the major European countries, the EU-
10 and the USA as before. Over the period 1980–2005, the share of
labour input going to manufacturing typically declined by one-third or
more. A similar decline can be seen for other goods-producing indus-
tries such as agriculture and mining. On the other hand, employment
in non-market services slowly increased, while booming in market
services. In 2005, the share of the latter in total hours worked was
about half in both the EU-10 and the United States. While there are
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differences across European countries, even in Germany, a country
in which manufacturing traditionally plays an important role, market
services are now almost three times as big as manufacturing. Market
services have grown fastest in the UK and employ almost five times
the number of manufacturing workers. Market services include a wide
variety of activities, ranging from trade and transportation services to
financial and business services and also hotels, restaurants and per-
sonal services. In Chapter 4 we will provide more detailed evidence on
these long-term trends in the structure of output and employment.

The shift from manufacturing to services has important implications
for productivity growth. Traditionally, manufacturing activities have
been regarded as the locus of innovation and technological change,
and thus the central source of productivity growth. It was the key
to post-World War II growth in Europe through a combination of
economies of scale, capital intensification and incremental innova-
tion. More recently, rapid technological change in computer and semi-
conductor manufacturing seemingly reinforces the predominance of
innovation in the manufacturing sector. In contrast, the increasing
weight of services in output was thought to slow aggregate productiv-
ity growth. Baumol (1967) called this the ‘cost disease of the service
sector’. The diagnosis of the disease argues that productivity improve-
ments in services are less likely than in goods-producing industries
because most services are inherently labour-intensive, making it diffi-
cult to substitute capital for labour. Although Baumol originally mainly
referred to services activities like education, health and public services,
this diagnosis was widely believed to hold for many other services
sectors as well.11

To evaluate the effect of structural changes on productivity growth,
we need to look at the contributions of individual sectors to the aggre-
gate economy. Table 2.2 shows overall labour productivity for the
market economy split into contributions from the ICT production
sector (including production of electrical machinery and telecommu-
nications services), manufacturing (other than electrical machinery),

11 The latter has subsequently been qualified in the literature, e.g. Triplett and
Bosworth (2006). As the discussion in this chapter and in Chapter 4 will show,
the hypothesis is not supported by evidence from the EU KLEMS database. In
particular in distribution services, productivity growth has been strong and
pervasive for decades.
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Table 2.2. Major sector contributions to labour productivity growth in
the market economy, EU and USA, 1980–2005

European Union United States

1980–95 1995–2005 1980–95 1995–2005

Market economy 2.5 1.5 1.9 2.9
Contributions from
ICT production 0.3 0.4 0.5 0.8
Manufacturing 0.9 0.5 0.5 0.6
Other goods 0.6 0.2 0.3 −0.1
Market services 0.7 0.5 0.8 1.8
Reallocation 0.0 −0.2 −0.1 −0.2

Notes: Major sector contributions to labour productivity growth in the market econ-
omy (annual average growth rates, in percentage points). Contributions based on
growth in sectoral labour productivity weighted by the share in aggregate value
added. The reallocation effect in the last row refers to labour productivity effects of
reallocations of labour between sectors. The European Union aggregate refers to ten
countries; see Table 2.1. Numbers may not sum exactly due to rounding.
Source: See Table 2.1.

other goods production (including agriculture, mining, utilities and
construction) and market services (including trade, hotels and restau-
rants, transport services, financial and business services and social and
personal services). The contributions are determined by labour pro-
ductivity growth in each sector weighted by the sector’s share in value
added, along with an adjustment in the final row for the reallocation
of hours between industries with different productivity. For a more
detailed discussion of this methodology and detailed industry results
the reader is referred to Chapter 5.

It can be seen from Table 2.2 that market services are the most
important driver of differences in aggregate productivity growth rates
between the EU and US. Even though the United States has a somewhat
bigger share in the ICT-producing sector, the productivity growth rates
of the EU and the USA in this sector are not substantially different, so
that the impact on the aggregate growth differential was only 0.4 per-
centage points in the period 1995–2005. Also the contribution from
goods production is comparable in the two regions. In contrast, market
services contribute 1.3 percentage points to the transatlantic growth
gap in this period. While in the USA, market services were rapidly
transformed and productivity growth accelerated, developments in
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Table 2.3. Hours worked and productivity growth, major sectors, EU,
1980–2005

Total hours worked

Growth in
hours worked

Labour
productivity
growth

1980 1995 2005
1980–
1995

1995–
2005

1980–
1995

1995–
2005

ICT production 10,600 8,696 7,878 −1.3 −1.0 4.9 6.5
Manufacturing 55,853 40,907 36,513 −2.1 −1.1 3.2 2.0
Other goods 48,646 34,059 32,585 −2.4 −0.4 3.5 1.6
Distribution

services
47,406 48,152 51,186 0.1 0.6 2.5 1.7

Financial services 6,535 7,458 7,518 0.9 0.1 1.4 2.6
Business services 11,060 20,897 31,845 4.2 4.2 0.1 −0.2
Personal services 17,561 24,409 29,997 2.2 2.1 −0.5 −0.4

Market economy 197,661 184,579 197,522 −0.5 0.7 2.5 1.5

Notes: Hours worked in millions. Growth rates are annual averages. EU refers to
EU-10; see Table 2.1.
Source: See Table 2.1.

Europe were only slow. Previous studies on the growth differential
between Europe and the United States also stressed the differentiating
role of market services (O’Mahony and van Ark 2003; Losch 2006;
Inklaar et al. 2008). This will be discussed in greater depth in the
next section.

Table 2.2 also shows clearly that the European slowdown is not
so much related to developments in market services, as to those in
goods production. In 1995–2005, the contribution of manufacturing
and other goods production to aggregate growth was only 0.7 percent-
age points, which is only half the contribution in the period before.
Partly this is related to the shift of employment from goods production
to market services noted above, but there is also a decline in productiv-
ity growth in goods production itself. This is evident from Table 2.3,
which provides growth rates of employment and productivity in the
EU at the sector level. The revival of employment growth in Europe
in the 1990s was clearly located in market services. Declining employ-
ment trends in goods production also continued in the 1990s as jobs
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were still being shed in agriculture, mining and manufacturing. Per-
haps surprisingly, hours worked in distribution services and in finance
increased only slowly and these sectors were not important in new
employment creation. In contrast, hours worked in personal services,
and in particular in business services, continued to grow strongly over
the whole period. Unfortunately, productivity in these sectors barely
improved in the past decades. While labour productivity in goods pro-
duction still continued to improve after 1995, albeit at a slower pace,
productivity growth in business and personal services was zero or even
negative. Thus, aggregate growth in Europe in the 1990s was doubly
hit: productivity growth declined in goods production, and employ-
ment shifted continuously towards business and personal services that
historically had very low productivity growth.12

A simple way to gauge the importance of changing sectoral structures
on aggregate productivity growth is to calculate counterfactual aggre-
gate growth rates based on an alternative set of sector employment
shares in the shift-share analysis described above.13 When realised pro-
ductivity growth rate is multiplied in each sector during 1995–2005
with sectoral employment shares in 1980, aggregate labour productiv-
ity growth during 1995–2005 becomes 0.5 percentage points higher
than when using shares in 2005. This suggests an important role for
structural change in explaining the European productivity slowdown.
To the extent that the shift to market services is driven mainly by
a higher income elasticity of these services, slowdown of growth in
Europe was to be expected, as growth has to come increasingly from
improvements in market services productivity. Developments in the
USA since 1995 have shown that this is feasible.

2.5 Market services and the growing EU–US gap
In the previous section, we found that the EU–US productivity gap
since the mid 1990s has mainly been located in market services. Con-
trary to Baumol’s cost-disease hypothesis, labour productivity growth
in some services industries has been strong, particularly in the USA. The
fuelling of US productivity growth from market services is confirmed

12 Chapter 5 provides a more in-depth analysis of the industry sources of
aggregate growth.

13 See Broadberry (1998) for a similar exercise, analysing slow growth in the UK,
compared to Germany and the USA, since 1870.
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Table 2.4. Contributions of sectors to labour productivity growth in
market services, EU and USA, 1980–2005

European Union United States

1995– 1995–
1980–95 2005 1980–95 2005

Market services labour
productivity

1.4 1.0 1.5 3.0

Distribution services contribution 1.1 0.7 1.2 1.5
from factor intensity growth 0.4 0.5 0.4 0.5
from multi-factor productivity

growth
0.7 0.2 0.8 1.0

Financial services contribution 0.2 0.4 0.2 0.5
from factor intensity growth 0.3 0.2 0.7 0.5
from multi-factor productivity

growth
0.0 0.1 −0.6 0.1

Business services contribution 0.0 −0.1 −0.1 0.7
from factor intensity growth 0.4 0.4 0.2 0.8
from multi-factor productivity

growth
−0.4 −0.5 −0.3 0.0

Personal services contribution −0.1 −0.1 0.2 0.2
from factor intensity growth 0.1 0.1 0.1 0.1
from multi-factor productivity

growth
−0.2 −0.1 0.1 0.1

Contribution from labour
reallocation

0.1 0.0 0.0 0.0

Notes: EU refers to EU-10; see Table 2.1. Factor intensity relates to the total contri-
bution from changes in labour composition and capital deepening. The reallocation
effect refers to the impact of changes in the distribution of labour input between
industries. Growth rates are annual average volume growth rates and contributions
in percentage points. Numbers may not sum exactly due to rounding.
Source: See Table 2.1.

in studies by Jorgenson et al. (2005) and Triplett and Bosworth (2006).
Focusing on these industries reveals that transatlantic growth differ-
ences were especially large in distributive trade and in business services.
This is shown in Table 2.4 where we focus on the contribution of four
major groups of market services industries, namely distributive trade
(including retail and wholesale trade and transport services), financial
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services, business services and personal services (including community
and social services). In Europe, the distribution sector contributed 0.7
percentage points to labour productivity growth in aggregate market
services in the period 1995–2005, compared to 1.5 percentage points
in the United States. In business services a similar gap existed as this
sector had a negative contribution in Europe while it contributed 0.7
percentage points in the United States. Interestingly in the light of
the global financial crisis in 2007, the measured contribution from
the finance sector to aggregate labour productivity growth was not
disproportionate, adding about 0.5 percentage points in both the EU
and the USA.14 The contribution of personal services was negligible as
productivity growth in this sector was close to zero in both regions,
echoing Baumol’s cost-disease hypothesis.

Drilling deeper into the data, it turns out that it is mainly multi-
factor productivity and not factor intensity that is the key to the labour
productivity growth differential between Europe and the USA. Differ-
ences in ‘factor intensity’ include the total contribution from changes
in labour composition and deepening of all types of capital. In busi-
ness services, this difference accounted for about half of the labour
productivity growth gap, indicating higher investment and skill use
in the USA. But in distribution services differences in inputs were not
important. Rather, diverging MFP growth was driving the growing
EU–US gap. In Chapter 5 this is discussed in more detail.

As multi-factor productivity growth represents a multitude of fac-
tors that are not explicitly measured in a growth accounts framework,
it is useful to look at what lies behind MFP growth. While these factors
may differ across sectors, the example of the retail sector may serve
as an illustration of the complex interactions between productivity,
investment and regulations. Over the past twenty-five years, the retail
sector has undergone a substantial transformation on account of ben-
efits from the increased use of ICT, commonly referred to as the ‘lean
retailing system’ (Abernathy et al. 1999). This has turned the retail
industry from a low-tech industry shifting boxes at infrequent inter-
vals into one that trades information by matching goods and services
to customer demand on a continuous basis. Various studies, includ-
ing McKinsey Global Institute (2002), Baily and Kirkegaard (2004),

14 The overestimation of finance output might even be higher in Europe than in
the USA; see Chapter 3 for further discussion on this point.
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McGuckin et al. (2005) and Gordon (2007) have discussed the reasons
for superior performance in the US retail industry relative to that in
Europe.

While there is significant evidence of a faster rise in ICT capital in the
US retail sector than in Europe, the productivity impact of the greater
use of barcode scanners, communication equipment, inventory track-
ing devices, transaction processing software, etc. may be understated
when focusing solely on the contribution of investment as directly
measured in growth accounts through the contribution of ICT capital
to growth. ICT use also provides indirect benefits for growth through
increasing the potential for innovation as measured by multi-factor
productivity. These innovation effects were in part realised through
‘softer’ innovations, such as the invention of new retail formats, ser-
vice protocols, labour scheduling systems and optimised marketing
campaigns (McKinsey Global Institute 2002).

In Europe, lean retailing systems have not developed at a similar
pace. Some stress that deregulation in upstream industries such as
trucking in the 1980s was a necessary condition for the lean retailing
model to work in the USA as it allowed more efficient ordering and
shipping schedules. Others have emphasised the role of ‘big box’ for-
mats, as exemplified most notably by the emergence of Wal-Mart, as
the engine of productivity growth in US retailing (Basker 2007). From
this perspective, Europe’s lagging behind is due to more restrictive reg-
ulations concerning, for example, store opening hours, land zoning,
labour markets and cultural differences, which inhibit a rapid increase
in market share of new large-scale retail formats. The latter has been
a main driver of growth in the USA, both because of increased com-
petitive pressure on incumbent firms and higher productivity levels of
new entrants (Foster et al. 2006).

With the acceleration in the USA, a new productivity gap in market
services has opened up. In 2005, value added per hour worked in EU
market services had dropped to only 70 per cent of the US level, and
MFP to 80 per cent. The gap is particularly large in business services
as European productivity levels are less than 60 per cent of those
in the USA, suggesting abundant opportunities for renewed catching-
up in Europe in the future. This is illustrated in Figure 2.5, which
provides a decomposition of the EU–US labour productivity gap in
the market economy in 2005. The contribution of each industry to
the gap is calculated by multiplying the log gap in labour productivity
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Figure 2.5. Major sector contributions to the EU–US gap in labour produc-
tivity, market economy, 2005. The contribution of each sector is calculated
by multiplying the log gap in labour productivity (log level of EU over USA)
by the share of each sector in market economy value added. The grey bar
indicates the contribution of the log gap in multi-factor productivity and the
black bar the contribution of the log gaps in capital and labour services per
hour worked. (Source: See Figure 2.2.)

by its share in value added. The bars indicate the contribution of
each sector to the overall labour productivity gap, decomposed into
the contribution of differences in capital and labour services per hour
worked (in black) and MFP (in grey). By far the biggest contributor to
the EU–US labour productivity gap in the market economy is business
services and especially the MFP gap in this sector looms large. Chapter
6 provides more details on the level accounting method and additional
results.

2.6 Increasing European diversity

The productivity slowdown in Europe since the mid 1990s is largely
driven by some of the large European continental countries, in partic-
ular Spain and Italy. In contrast, the Nordic economies (in particular
Finland and Sweden), Ireland and – to a lesser extent – the United
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Kingdom seem to have fared relatively well in productivity terms. This
cross-country diversity makes it hard to tell ‘a single European story’
and understanding European performance requires an additional focus
on individual EU member states (see also Gordon 2007). In Table 2.5
we provide a decomposition of growth in thirteen European coun-
tries based on the growth accounting methodology used above. There
is a large variation in growth rates across European countries. Sim-
ilar to the rows in Table 2.1, the first column of Table 2.5 shows
the growth rate of output over the 1995–2005 period. The second
and third columns divide that growth in output into changes in hours
worked and changes in output per hour. As before, columns 4 to 7
divide up the growth in labour productivity into four sources and the
final column shows the ‘knowledge economy’ contributions. Countries
are ranked by growth rate of labour productivity.

One key observation to be drawn from this table is that the main
difference in labour productivity growth between individual European
economies is to be found in multi-factor productivity, not in differences
in the use of capital per hour worked. Indeed the bottom row shows
that the standard deviation for multi-factor productivity growth across
the set of countries is larger than for factor inputs, confirming the
earlier analysis by Timmer and van Ark (2005). For example, the
difference in the contribution of capital deepening in information and
communications technologies between a high investor like Finland
and a low investor like Italy explains only 0.3 percentage points of a
labour productivity growth difference of 2.9 percentage points. The
remaining gap is fully accounted for by the difference in multi-factor
productivity growth. Indeed differences in multi-factor productivity
seem to have driven the divergence in labour productivity between
European countries too. In Belgium, Denmark and Germany, MFP
growth is less than 0.5 per cent per year and in Italy and Spain it is
even negative. In contrast, MFP growth in Finland, Ireland and Sweden
is greater than 1.5 per cent. Chapter 6 provides further analysis of
catch-up and convergence in the European Union.

In addition to variance in aggregate productivity growth rates,
European diversity manifests itself through differences in the sectoral
origins of growth between countries. This is clearly illustrated by
Figure 2.6, which provides for major European countries a break-
down of aggregate labour productivity growth by sector, by weighting
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Figure 2.6. Major sector contributions to aggregate labour productivity
growth, market economy, EU countries and USA, 1980–2005. (Notes and
sources: See Table 2.2.)

sectoral productivity growth by the share in aggregate value added,
following a similar approach as for Table 2.2.

In the past the bulk of aggregate productivity growth originated
from goods production, but this no longer holds true. The contri-
bution of manufacturing and other goods production in the EU has
rapidly declined as discussed above, and this decline has been uneven
across the European continent. In particular, traditional manufactur-
ing industries in Italy and Spain, such as textiles and leather products,
languished. While in the past, they benefited strongly from the oppor-
tunities offered within the EU, these labour-intensive sectors faced a
particularly tough challenge in the 1990s as low-wage competition
from Eastern Europe and China increased. Also in the UK, manufac-
turing productivity slowed down, in particular in chemicals and trans-
port equipment. In contrast, manufacturing in France and Germany
continued to flourish and industries like chemicals, machinery and car
manufacturing are still important sources of productivity growth.

Less well known, but equally important, is the decline in the con-
tribution from other goods-producing sectors: agriculture, mining and
construction. Reasons for their decline vary widely across sector and
country. In the past decades, the agricultural sectors in France, Italy
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and Spain have been increasingly rationalised and rapid productivity
gains were made as labour moved out. Naturally, this potential source
of growth has been gradually exhausted and in the 1990s productivity
growth rates in this sector dropped strongly. The importance of min-
ing has been dwindling in all countries, and in the UK this was exac-
erbated by a strong declining productivity trend. Also in the construc-
tion sector, labour productivity growth rates dropped, in particular in
France and Spain. In the latter country the decline was concomitant
with strongly increasing employment in a building boom, suggesting
a short-run employment–productivity trade-off. Only in the UK has
the loss of the traditional drivers of growth been compensated by an
increase in the contribution from market services, mainly due to strong
performance in trade and business services industries.

In the smaller economies in Europe too the sectoral origins of growth
varied widely in the period 1995–2005. Table 2.6 shows that in coun-
tries like Austria, Belgium and Ireland, manufacturing is still the most
important engine of growth, just as in France and Germany. Other
countries, such as Finland, Hungary and Sweden enjoyed additional
high contributions from the production of ICT goods and services.15

At the same time various countries had high contributions from growth
in market services. As in the UK, market services contributed strongly
to aggregate growth in Ireland, the Netherlands and Sweden. Inci-
dentally, market services also appear to exhibit rapid productivity
growth in other Anglo-Saxon economies, such as Australia and Canada
(Inklaar et al. 2007). In contrast, Austria, Germany, Italy and Spain
show almost no, or even negative, contributions from market ser-
vices to aggregate labour productivity growth. In Germany, business
services in particular performed extremely weakly. Clearly, disparate
performance in market services is not only responsible for the EU–US
productivity gap, but is also an important driver of divergence among

15 If one were to account for the large share of ICT-goods production exported
by these countries, the contribution of this sector would be lower than
indicated here. If rapid productivity growth is mainly translated into lower
prices for foreign consumers, terms of trade will decline and aggregate
productivity gains are less than suggested here. In traditional growth
accounting, countries are considered to be closed economies. See Diewert and
Morrison (1986) and Kohli (1990) for approaches to growth accounting that
take account of changes in terms of trade and Feenstra, Heston, Timmer et al.
(2009) for a cross-country application.
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members of the European Union. Additional detailed country analyses
based on the EU KLEMS database are provided by Mas et al. (2008)
on Italy and Spain; Görzig et al. (2010) on France, Germany and the
UK; Kegels et al. (2008) on Austria, Belgium and the Netherlands; and
Havlik et al. (2008) on Central and Eastern European countries.

2.7 Concluding remarks

In this chapter we analysed the severe productivity slowdown in the
European Union in the 1990s. As a declining employment trend was
reversed at the same time, because of deregulation of labour markets,
a trade-off between jobs and productivity seemed to be at work. While
this might be true for the short run, there is little evidence that this also
holds in the longer run, in particular as technical progress, as measured
by multi-factor productivity, declined as well. Instead we argue that
the European productivity growth slowdown has certain structural
characteristics, partly related to the end of the process of catch-up
and convergence that has driven productivity growth in the past. This
follows from a more detailed industry-level analysis of the sources
of growth. There has been a strong decline in growth in agriculture,
mining and construction. As employment continued the long down-
ward trend, productivity growth rates in these sectors decelerated in the
1990s as opportunities for further rationalisation and technical change
were gradually exhausted. Also manufacturing growth languished as
Europe was faced with increasing global competition, especially in
low- and medium-technology sectors. At the same time, employment
moved out of the goods-producing sectors to market services, driven
by shifts in domestic and global demand. This shift decreased aggre-
gate productivity growth even more as market services historically had
lower levels of productivity than goods-producing industries.

However, Europe is not necessarily down on a structurally low pro-
ductivity growth path. In the 1990s, the US economy was resurgent,
fuelled by rapid productivity growth in market services. This sug-
gests new opportunities for growth driven by innovations enabled
by investment in information and communications technology, espe-
cially in trade and business services. This growth path is not unique
to the USA and has also been followed in some form by countries like
the Netherlands, Sweden and the United Kingdom. With some delay,
the benefits from the new knowledge economy are being spread



Economic growth in Europe 45

throughout Europe, as use of ICT and the quality level of the labour
force are increasing. At the same time it is clear that realisation of this
new growth potential requires more than investment in ICT and skill
formation. The case study of retail illustrated the complex interactions
between productivity, investment and the regulation of labour, capital
and product markets. It suggests that the more stringent regulatory
environment in Europe became increasingly binding with the advent
of new technology. At the same time it is obvious that a new phase of
simple imitation of the US innovation system and regulatory practices
may not be the most promising way to support higher dynamics of
Europe’s economies. Clearly, more research on drivers of productivity
in services is needed and this is further discussed in Chapter 7.



3 EU KLEMS database

3.1 Introduction

Until recently, internationally comparable studies of the relationships
between skill formation, investment, technological change and growth
have been hampered by the lack of a readily available standard
database covering a large set of countries. As a result, researchers had
often to compile their own databases, making replication and compa-
rability of studies difficult. In our analysis of European growth and
productivity in Chapter 2 we made use of a new database which can
serve as a useful tool for empirical and theoretical research in the area
of economic growth: the EU KLEMS Growth Accounts database. This
database includes measures of output and input growth and derived
variables such as multi-factor productivity at the industry level. The
input measures include various categories of capital (K), labour (L),
energy (E), material (M) and service inputs (S). The measures are devel-
oped for twenty-five individual European Union member states, the
United States and Japan and cover the period from 1970 to 2005. The
variables are organised around the growth accounting methodology, a
major advantage of which is that it is rooted in neo-classical produc-
tion theory. It provides a clear conceptual framework within which
the interactions among variables can be analysed in an internally con-
sistent way.

The data series, publicly available on www.euklems.net, can be used
by researchers employing growth accounting to consider sources of
output and productivity growth in cross-country comparisons or stud-
ies of particular industries and different time periods, such as dis-
cussed in the previous chapters. Although the primary aim of the EU
KLEMS database is to generate comparative productivity trends, the
data collected are also useful in a large number of other contexts,
as the database provides many basic input data series. These input
series are derived independently from the assumptions underlying the

46
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growth accounting method. In evaluating research using any database,
readers need to understand the theoretical and practical underpin-
nings of the database. The main purpose of this chapter is therefore
to summarise the methodology employed in constructing the database
and the practical limitations of the database and to indicate areas for
further improvement. O’Mahony and Timmer (2009) provide a brief
overview.

The remainder of this chapter is organised as follows. It begins, in
section 3.2, with an outline of the growth accounting method, which
is the organising principle underlying the construction of the database.
Next, we describe the construction of the various variables, namely
output and intermediate inputs (section 3.3), labour input (3.4) and
capital input (3.5). We broadly indicate the sources and methodology
followed, but for details by country the reader is referred to the EU
KLEMS Sources and Methodology documents (Timmer van Moergas-
tel, Stuivenwold et al. 2007) – see also the appendix to this chapter for
summary information. Section 3.6 outlines general measurement issues
variable by variable, while section 3.7 investigates the specific case of
output measurement in market services. In section 3.8 a comparison is
made between the EU KLEMS database and various international and
national alternatives. Section 3.9 concludes.

3.2 Growth accounting methodology

The organising principle underlying the EU KLEMS database is the
growth accounting methodology. Growth accounting allows a decom-
position of output growth into the growth of various inputs and pro-
ductivity. This approach has a long history dating back to a seminal
article by Jorgenson and Griliches (1967) and put in a more general
input-output framework by Jorgenson, Gollop and Fraumeni (1987).
It was further grounded in economic theory by Diewert (1976) and
Caves et al. (1982a). It is based on production possibility frontiers,
where industry gross output is a function of capital, labour, interme-
diate inputs and the level of technology T. Each industry, indexed by
j, can produce a set of products and purchases a number of distinct
intermediate, capital and labour inputs to produce its output. The
production function is given by:

Yj = f j
(
Xj , Kj , Lj , T

)
(3.1)
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where Y is output, K is an index of capital service flows, L is an index
of labour service flows, X is an index of intermediate inputs, either
purchased from domestic industries or imported, and T is the level of
technology. All variables are also indexed by time, but the t subscript
is suppressed wherever possible to facilitate exposition.

Under the assumptions of competitive factor markets, full input util-
isation and constant returns to scale and using the translog functional
form common in such analyses, we can define multi-factor productivity
(AY) growth as follows:

� ln AY
j ≡ � ln Yj − v̄Y

X, j� ln Xj − v̄Y
K, j� ln Kj − v̄Y

L, j� ln Lj (3.2)

where �x = xt − xt−1 denotes the change in the period from t − 1 to t
such that � ln x indicates logarithmic growth rates, and v̄ is the period
average share of the input in nominal value of output. The value share
of each input is defined as

vY
X, j = pX

j Xj

pY
j Yj

vY
L, j = pL

j Lj

pY
j Yj

(3.3)

vY
K, j = pK

j K j

pY
j Yj

and the period-average shares as

v̄Y
X, j = 0.5∗(vY

X, j,t + vY
X, j,t−1

)
v̄Y

L, j = 0.5∗(vY
L, j,t + vY

L, j,t−1

)
v̄Y

K, j = 0.5∗(vY
K, j,t + vY

K, j,t−1

) (3.4)

In the remainder of this chapter we indicate the weight of a sub-
component (subscript) in its relevant aggregate (superscript) by using
subscripts and superscripts on weights v. A bar on a variable always
indicates period averages. Because of our assumption of constant
returns to scale to all input, shares add up to unity:

vY
X, j + vY

L, j + vY
K, j = 1 (3.5)

This allows us to use observed output shares in the estimation of multi-
factor productivity growth. Although it is common in the productivity
literature to impose constant returns to scale, one might also opt not
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to do this, and use cost shares rather than revenue shares to weight
input growth rates (see section 3.6).

Rearranging (3.2) yields the standard growth accounting decompo-
sition of output growth as the revenue-share weighted growth of inputs
and the residual multi-factor productivity growth:

� ln Yj = v̄Y
X, j� ln Xj + v̄Y

K, j� ln Kj + v̄Y
L, j� ln Lj + � ln AY

j (3.6)

Each element on the right-hand side of (3.6) indicates the proportion
of output growth accounted for by growth in intermediate inputs,
capital services, labour services and MFP growth representing technical
change.1 The latter cannot be directly measured and is derived as a
residual as in (3.2).

Aggregate labour input Lj is defined as a Törnqvist volume index
of hours worked by individual labour types as follows:2

� ln Lj =
∑

l

v̄L
l, j� ln Hl, j (3.7)

with weights given by

vL
l, j = pL

l, j Hl, j

pL
j Lj

(3.8)

where � ln Hl, j indicates the growth of hours worked by labour type
l and weights are given by the period-average shares of each type in
the value of labour compensation, such that the sum of shares over all
labour types is unity. As we assume that marginal revenues are equal
to marginal costs, the weighting procedure ensures that inputs which

1 This term reflects technical change and is sometimes also referred to as total
factor productivity (TFP). In this book we use the term multi-factor
productivity and indicate, if needed, to what set of inputs it refers. Because of
our approach to capital measurement it only includes disembodied technical
change (see also the discussion in section 3.6).

2 Aggregate input is unobservable and it is common to express it as a translog
function of its individual components. Then the corresponding index is a
Törnqvist volume index (see Jorgenson, Gollop and Fraumeni 1987). For all
aggregation of quantities we use the Törnqvist quantity index, which is a
discrete time approximation to a Divisia index. This aggregation approach uses
annual moving weights based on averages of adjacent points in time. The
advantage of the Tornqvist index is that it belongs to the preferred class of
superlative indices (Diewert 1976). Moreover, it exactly replicates a translog
model which is highly flexible, that is, a model where the aggregate is a linear
and quadratic function of the components and time.
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have a higher price also have a larger influence in the input index.
So, for example, a doubling of hours worked by a high-skilled worker
gets a bigger weight than a doubling of hours worked by a low-skilled
worker.

Similarly, aggregate capital input Kj is defined as a Törnqvist volume
index of individual capital assets as follows:

� ln Kj =
∑

k

v̄K
k, j� ln Kk, j (3.9)

with weights given by

vK
k, j = pK

k, j Kk, j

pK
j K j

(3.10)

where � ln Kk, j indicates the volume growth of capital asset k and
weights are given by the period-average shares of each type in the
value of capital compensation, such that the sum of shares over all
capital types is unity.

Aggregate intermediate input Xj is defined analogously as
a Törnqvist volume index of individual intermediate inputs as
follows:

� ln Xj =
∑

x

v̄X
x, j� ln Xx, j (3.11)

with weights given by

vX
x, j = pX

x, j Xx, j

pX
j Xj

(3.12)

where � ln Xx, j indicates the volume growth of intermediate input x
and weights are given by the period-average shares of each type in the
value of intermediate input compensation, such that the sum of shares
over all intermediate input types is unity.

For many applications it is useful to further break down the contri-
bution of the various inputs. In the EU KLEMS database, the volume
growth of labour input is split into the growth of hours worked and the
changes in labour composition in terms of labour characteristics such
as educational attainment, age or gender (see below). Let Hj indicate
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total hours worked by all types Hj = ∑
l

Hl, j then we can decompose

the change in labour input as follows:

� ln Lj =
∑

l

v̄L
l, j� ln

Hl, j

Hj
+ � ln Hj = � ln LCj + � ln Hj (3.13)

The first term on the right-hand side indicates the change in labour
composition and the second term indicates the change in total hours
worked.3 It can easily be seen that if proportions of each labour type
in the labour force change, this will have an impact on the growth of
labour input beyond any change in total hours worked.

To analyse the separate impact of ICT and non-ICT capital, asset
types are allocated to two groups of assets: ICT assets (indicated by
ICT) and non-ICT assets (indicated by N), such that

� ln Kj = v̄K
ICT, j� ln K ICT

j + v̄K
N, j� ln K N

j (3.14)

with v̄K
ICT, j the period-average share of ICT assets in total capital costs

in industry j, and similarly for non-ICT assets. Volume growth of ICT
and non-ICT capital is defined as

� ln K ICT
j =

∑
kεICT

v̄ICT
k, j � ln Kk, j (3.15)

� ln K N
j =

∑
kεN

v̄N
k, j� ln Kk, j (3.16)

with v̄ICT
k, j the period-average share of ICT asset k in total ICT capital

costs in industry j, and v̄N
k, j the period-average share of non-ICT asset

k in total non-ICT capital costs. Each set of weights will sum to unity.
For many analyses it is also useful to group intermediate inputs into

three groups, energy (E), materials (M) and services (S), such that

� ln Xj = v̄X
E, j� ln XE

j + v̄X
M, j� ln XM

j + v̄X
S, j� ln XS

j (3.17)

with v̄X
E, j the period-average share of energy products in total interme-

diate input costs in industry j, and similarly for materials and services.

3 The first term is also known as ‘labour quality’ in the growth accounting
literature (see, for example, Jorgenson et al. 2005). However, this terminology
has a normative connotation which easily leads to confusion. For example,
lower female wages would suggest that hours worked by females have a lower
‘quality’ than hours worked by males. Instead we prefer to use the more
positive concept of ‘labour composition’.
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Input volume growth of E, M and S is defined in terms of their com-
ponents as

� ln XE
j =

∑
xεE

v̄E
x, j� ln Xx, j (3.18)

� ln XM
j =

∑
xεM

v̄M
x, j� ln Xx, j (3.19)

� ln XS
j =

∑
xεS

v̄S
x, j� ln Xx, j (3.20)

with weights v̄E
x, j the period-average share of energy product x in total

energy costs in industry j, summing to unity over all energy input
products. Weights for materials and services input volumes are defined
analogously.

Using the above formulas, the EU KLEMS database provides a
full decomposition of growth in gross output into eight elements as
follows:

� ln Yj = v̄Y
E, j� ln XE

j + v̄Y
M, j� ln XM

j + v̄Y
S, j� ln XS

j

+ v̄Y
ICT, j� ln K ICT

j + v̄Y
N, j� ln K N

j

+ v̄Y
L, j� ln LCj + v̄Y

L, j� ln Hj + � ln AY
j (3.21)

The product of its share in total output and its growth rate gives
the contribution of each intermediate and capital input. The weights
for intermediate inputs are given by their respective shares in total
output: v̄Y

E, j = v̄Y
X, j v̄

X
E, j ; v̄Y

M, j = v̄Y
X, j v̄

X
M, j ; and v̄Y

S, j = v̄Y
X, j v̄

X
S, j . Similarly

the weights for capital inputs are given by v̄Y
ICT, j = v̄Y

K, j v̄
K
ICT, j and

v̄Y
N, j = v̄Y

K, j v̄
K
N, j . The contribution of labour input is split into hours

worked and changes in the composition of hours worked.4 Any
remaining output growth is picked up by the multi-factor productivity
term A.

It is useful at this stage to present an example of the growth account-
ing method. At various places in this chapter we use the case of the
metal manufacturing industry in the UK as an example to illustrate the

4 The growth accounting calculations in EU KLEMS include this division into
volume and composition for labour input to summarise all aspects of labour
composition. Alternatively, in keeping with the divisions for intermediate and
capital input the contribution of labour could be subdivided into groups, e.g.
high-skilled and low-skilled labour. The data necessary for such a division is
also available in the database – see below for further details.
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Table 3.1. Example of decomposition of gross output growth, metal
manufacturing in the UK, 1995–2005

Average share
in gross output

Volume
growth rate

Contribution to
growth in gross
output

Gross output 100.0 −0.7 −0.7
Intermediate inputs 64.3 −1.1 −0.7

Energy 5.6 1.2 0.1
Materials 47.8 −1.5 −0.7
Services 10.9 −0.6 −0.1

Labour input 31.5 −2.6 −0.8
Hours worked 31.5 −3.4 −1.1
Labour composition 31.5 0.8 0.2

Capital input 4.2 1.5 0.1
ICT 0.9 15.2 0.1
Non-ICT 3.3 −1.5 −0.1

MFP (gross output based) 0.8 0.8

Notes: Contribution of inputs calculated as the share of input times the volume
growth rate. Shares are averaged over 1995 and 2005. Volume growth rates are
annual compound growth rates over the period 1995–2005. Numbers may not sum
exactly due to rounding.
Source: Calculations based on EU KLEMS database, March 2008.

various calculations involved. In Table 3.1 we provide a decomposition
of gross output growth in this sector between 1995 and 2005 into the
eight elements given in (3.21). The first column indicates the average
share of each input in gross output. In metal manufacturing, interme-
diate inputs – in particular, materials – play a dominant role, taking
up almost half of the total cost. Labour input is also important, while
the cost share of capital input is relatively low.5 These cost shares are
used to weight the volume growth rate of each individual input given
in the second column. Between 1995 and 2005 production in the metal
industry contracted by 0.7 per cent on a yearly basis and most inputs

5 This does not mean that little capital is involved in the production of metals.
Rather it is an indication of the low rates of return of the capital involved.
Returns to capital are determined residually by equating total output and total
input costs and include any deviation from the zero profit condition (see section
3.7 for further discussion).
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declined as well, especially hours worked. Only the use of ICT capital
increased. The contracting labour force was, however, composed of
more productive workers by the end of the period, as indicated by
the positive growth in labour composition. Multi-factor productivity
growth was also positive, indicating that all inputs (intermediate, cap-
ital and labour) were used in a more efficient way in the production
process. It was calculated as the growth of output minus the weighted
growth of inputs. The last column indicates the contribution of each
input and MFP to growth in output. Overall, the decline in output
was mainly due to the rapid decline in the use of material and labour
inputs, accounting for 0.7 and 0.8 percentage points respectively. This
was partly counteracted by the more efficient use of inputs, adding
0.8 percentage points to output. Later on in this chapter we provide
more in-depth discussion of the way labour and capital services are
calculated, and of various interpretations of multi-factor productivity
growth.

In Figure 3.1 we provide a ranking of technical change in twenty-six
industries in the European Union measured by growth in gross output
MFP over the period 1980–2005. MFP growth rates are highest in
post and telecommunication and agriculture at annual growth rates of
about 2 per cent. Also in many manufacturing industries the efficiency
with which inputs are used increased in the past decades. Only in hotels
and restaurants, business services and other services is MFP growth
negative, which might be due to the inherent limitation to innovation
in these sectors as suggested by Baumol’s cost-disease hypothesis (Bau-
mol 1967), but might also be due to measurement problems. Baumol’s
conjecture is discussed in greater depth in Chapter 4, while interpre-
tations of MFP and measurement issues are discussed in sections 3.6
and 3.7.

In order to decompose growth at higher levels of aggregation (see
discussion below) we also define a more restrictive industry value-
added function, which gives the quantity of value added as a function
only of capital, labour and technology as

Zj = g j (Kj , Lj , T) (3.22)

where Zj is the quantity of industry value added. The crucial assump-
tion made is that the gross output production function is separable
in capital, labour and technology, breaking the symmetry between
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Figure 3.1. Growth rates of multi-factor productivity, twenty-six industries,
EU, 1980–2005. Annual compound growth rates. Multi-factor productivity
based on gross output. (Source: Calculations based on EU KLEMS database,
March 2008.)

primary inputs, capital and labour, and intermediate inputs (see Jor-
genson, Gollop and Fraumeni 1987) such that

Yj = f j
(
Xj , g j

(
Kj , Lj , T

))
(3.23)

Under the same assumptions as for gross output, MFP growth
can also be estimated from the value-added function (AZ) and
defined:

� ln AZ
j ≡ � ln Zj − v̄Z

ICT, j� ln K ICT
j − v̄Z

N, j� ln K N
j

− v̄Z
L, j� ln LCj − v̄Z

L, j� ln Hj (3.24)
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where v̄Z is the period-average share of the input in nominal value
added. The value share of each input is defined as follows:

vZ
ICT, j = pICT

j K ICT
j

pZ
j Zj

vZ
N, j = pN

j K N
j

pZ
j Zj

vZ
L, j = pL

j Lj

pZ
j Zj

(3.25)

such that they sum to unity. In order to define the quantity of value
added and remain consistent with the gross output function, the quan-
tity of value added needs to be defined implicitly from a Törnqvist
expression for gross output:

� ln Zj = 1
v̄Y

Z, j

(
� ln Yj − (

1 − v̄Y
Z, j

)
� ln Xj

)
(3.26)

where v̄Y
Z, j is the period-average share of value added in gross output.

The corresponding price index for value added is defined implicitly to
make the following value identities hold:

pZ
j Zj = pICT

j K ICT
j + pN

j K N
j + pL

j Lj = pY
j Yj − pX

j Xj (3.27)

If the quantity of value added is defined as in (3.26), MFP measured
for gross output (as in 3.2) and MFP as measured for value added (as
in 3.24) are proportional to each other with the ratio of gross output
over value added as the factor of proportion (Bruno 1984):6

� ln AZ
j = 1

v̄Y
Z, j

� ln AY
j (3.28)

Essentially, MFP growth measured on a value-added function is based
on the assumption that technical change only has an impact on the
use of capital and labour. Put simply, any improvements in the use
of intermediate inputs will thus end up in the measure of value-added
MFP (see section 3.7 for further discussion).

Rearranging (3.24), the growth in industry value added can be
decomposed into the contribution of capital, labour and technical

6 However, note that this is only valid as long as value added volume growth
rates are derived as in (3.26). This is not always the case; see section 3.6.
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Table 3.2. Example of decomposition of value added and labour
productivity growth, metal manufacturing in the UK, 1995–2005

Average
share in
value
added

Volume
growth
rates

Contribution
to growth in
value added

Volume
growth
rates per
hour

Contribution
to growth in
value added
per hour

Value added 100.0 0.0 0.0 3.4 3.4
Labour input −2.6 −2.3 0.8 0.7

Hours worked 88.6 −3.4 −3.0 0.0 0.0
Labour

composition
88.6 0.8 0.7 0.8 0.7

Capital input 11.4 1.5 0.2 4.9 0.6
ICT 2.5 15.2 0.4 18.6 0.5
Non-ICT 8.9 −1.5 −0.1 1.9 0.2

MFP (value-
added-based)

2.1 2.1 2.1 2.1

Notes and source: See Table 3.1.

change in the use of labour and capital:

� ln Zj = v̄Z
ICT, j� ln K ICT

j + v̄Z
N, j� ln K N

j

+ v̄Z
L, j� ln LCj + v̄Z

L, j� ln Hj + � ln AZ
j (3.29)

Finally, various applications of the growth accounting methodology
rely on a decomposition of labour productivity (value added per hour
worked). This decomposition can be derived by subtracting � ln Hj

from the left- and right-hand sides of (3.29). Let z be labour produc-
tivity, defined as the ratio of value added to hours worked, z = Z/H,
and k the ratio of capital services to hours worked, k = K/H; then

� ln z j = v̄Z
ICT, j� ln kICT

j + v̄Z
N, j� ln kN

j + v̄Z
L, j� ln LCj + � ln AZ

j

(3.30)

Equation (3.30) shows the four different sources of industry labour
productivity growth, namely changes in labour composition, ICT cap-
ital deepening, non-ICT capital deepening and MFP growth.

In Table 3.2 a decomposition of growth in value added and value
added per hour worked in UK metal manufacturing is provided, con-
tinuing the example in Table 3.1. Value added is dominated by labour
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inputs, accounting for almost 90 per cent of total value added. The
volume growth rate of value added is derived on the basis of growth
in intermediate inputs and output. The share of value added in gross
output is 36 per cent, and consequently volume growth of value added
turns out to be zero, following (3.26). As before, growth in hours
worked is strongly negative, while growth in overall capital input
is positive. The calculation of value-added-based MFP relies on the
assumption that all technical change only takes place in the use of
capital and labour, and not in the use of all inputs as was the case
for gross output MFP. Due to the low share of value added in output,
value-added-based MFP is much higher than gross output MFP (3.1
versus 0.8 per cent). The decomposition of value-added growth based
on (3.29) is given in column 3. It shows that MFP growth fully coun-
teracts the decline in the use of labour input. The last two columns of
Table 3.2 provide a decomposition of growth in labour productivity
(value added per hour worked) based on (3.30). Obviously, growth
in labour input now only includes the changes in labour composition
and contributes 0.7 percentage points to the 3.4 per cent growth in
labour productivity. While growth in capital services is low, growth in
capital services per hour worked is much higher because of the decline
in hours worked. Capital input contributes 0.6 percentage points to
growth in labour productivity.

In Figure 3.2 we provide a decomposition of labour productivity
growth (value added per hour worked) in twenty-six industries in the
EU over the period 1980–2005. Based on (3.30) the growth in value
added per hour worked is divided into the contribution of growth
in labour and capital services per hour worked (in black) and the
change in productivity of these inputs as measured by the growth in
MFP (in grey). Industries are ranked from highest to lowest growth
rate. Labour productivity increased at a rate of more than 4 per cent
annually in post and telecommunication, electrical equipment man-
ufacturing, chemicals, agriculture, mining and utilities. On the other
hand, labour productivity growth was low, or even negative, in busi-
ness services, other services, hotels and restaurants and construction.
All other industries had annual growth rates of at least 1.0 per cent
per year. Differences in growth rates of labour productivity across
industries were mainly driven by differences in the growth of MFP,
as the correlation between labour productivity and MFP growth rates
was 0.85, while the correlation with total factor inputs was only 0.48.
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Figure 3.2. Growth rates of labour productivity, twenty-six industries, EU,
1980–2005. Annual compound growth rates of gross value added per hour
worked by industry. In black, the contribution of growth in capital inputs per
hour worked and changes in labour composition and, in grey, the contribution
of growth in productivity of capital and labour (value-added based MFP).
(Source: Calculations based on EU KLEMS database, March 2008.)

Growth in the use of inputs typically contributed about 1 to 2 percent-
age points to growth in labour productivity. Also industries that were
stagnant in terms of labour productivity growth still increased the use
of capital and labour services per hour worked.

The EU KLEMS database has been constructed largely on the basis of
data from national statistical institutes (NSIs) and processed accord-
ing to harmonised procedures. These procedures were developed to
ensure international comparability of the basic data and to generate
growth accounts in a consistent and uniform way. Cross-country har-
monisation of the basic country data has focused on a number of areas
including a common industrial classification and the use of similar
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price concepts for inputs and outputs, but also consistent definitions of
various labour and capital types. Importantly, this database is rooted
in statistics from the National Accounts and so broadly follows the
concepts and conventions of the System of National Accounts (SNA)
framework and its European implementation guide (ESA; European
Commission 1996). As a result, the basic statistics within EU KLEMS
can be related to the National Accounts statistics published by NSIs,
although with adjustments that vary per group of variables: output and
intermediate inputs, labour input and capital input. These adjustments
are discussed in the relevant sections below.

3.3 Output and intermediate inputs

Volume series for output and intermediate inputs are based on defla-
tion of nominal series by appropriate price indices. The volume series
are given as indices with 1995 as the base year (1995 = 100). How-
ever, this does not mean that the series are valued at 1995 prices. This
will depend on the base year of the underlying price indices. Nomi-
nal and price series at the industry level are taken directly from the
National Accounts. As these series are often short (as revisions are not
always taken back in time) different vintages of the National Accounts
are bridged according to a common link methodology. In cases where
industry detail for nominal series are missing, additional statistics from
censuses and surveys are used to fill the gaps. Price indices for detailed
industries that are not available from the National Accounts are based
on more aggregated series for which data are available.

In this database we have chosen to report industry-level value-added
volume indices for each country based on the National Accounts
methodology of the particular country. This methodology might differ
across countries and will not always be equal to the implicit defini-
tion as given in (3.26). This choice is driven by the fact that for many
countries value-added volume series are often longer and have more
industry detail than the gross output and intermediate inputs series.
For series based on the European System of Accounts 1995 (ESA 95;
European Commission 1996), differences are small as they are con-
structed by double deflation, separately deflating gross output and
intermediate inputs, based on a chained Laspeyres volume index. But
especially in the past, value-added volumes in the National Accounts
were not always derived using the double deflation method. This is
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particularly true for some services industries and for data derived from
earlier vintages of the National Accounts before the ESA 1995 revi-
sions. Hence, redefining value added on the basis of gross output and
intermediate input would have resulted in an unacceptable loss of data.
Also, in some industries for some countries and years, nominal or real
value added is negative. Where this is the case, volume indices can-
not be derived and the series breaks down. In these cases, the volume
series is missing, but the negatives are included at higher levels of
aggregation.7

Output growth rates differ widely across industries. In Figure 3.3 we
have ranked twenty-nine industries in the EU on the basis of growth of
output volumes over the period 1980–2005. These growth rates varied
from almost zero or even negative, as in the case of mining, textiles,
petroleum refining and agriculture, to more than 4 per cent annual
growth in the case of post and telecommunication and business ser-
vices. Also in a number of other services, output growth was high such
as in finance, trade and transport services. Fast-growing manufactur-
ing industries include electrical machinery, transport equipment and
rubber and plastics manufacturing. The growth of output is decom-
posed into the growth of intermediate inputs (black part) and of value
added (grey part) based on (3.26). In general, the correlation between
output and value-added growth was high, although in some indus-
tries the contribution of intermediate inputs is much higher than from
value added. This is particularly true for transport equipment manu-
facturing, the output of which grew mainly on the basis of outsourcing
of intermediate input production. On the other hand, output growth
in health was predominantly based on increasing use of labour and
capital inputs.

Series on intermediate inputs are broken down into energy, mate-
rials and services, based on supply-and-use tables using a standard-
ised product classification. To ensure consistency with the National
Accounts series, proportions of energy, materials and services inputs
were applied to the total intermediate input series from the National
Accounts. There has been some confusion in the literature on the price
concept to be used for intermediate inputs. It is generally acknowl-
edged that the intermediate input weights should be measured from

7 To be more precise, in these cases we sum the chained Laspeyres series instead
of applying Tornqvist aggregation.
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Figure 3.3. Growth rates of gross output, twenty-nine industries, EU, 1980–
2005. Annual compound growth rates of gross output volumes by industry.
In black, the contribution of growth in intermediate inputs and, in grey, the
contribution of growth in value added. (Source: Calculations based on EU
KLEMS database, March 2008.)

the user’s point of view, i.e. reflect the marginal cost paid by the user.
Most studies maintain that purchasers’ prices should be used. These
prices include net taxes on commodities paid by the user, and include
margins on trade and transportation (see, for example, OECD 2001).
However, when trade and transportation services are included as sep-
arate intermediate inputs, margins paid on other products should also
be allocated to these services. Ideally, a distinction should be made
between the intermediate product valued at purchasers’ prices minus
margins and the trade and transportation services valued at the mar-
gins. This is the approach taken in Jorgenson, Gollop and Fraumeni
(1987) and in Jorgenson et al. (2005). However, in practice for the
EU KLEMS database, we were not able to collect the necessary data
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for this breakdown, and used purchasers’ prices to value intermediate
inputs for all countries, except for the USA.

In growth accounting decompositions, the weights for the produc-
tion factors labour and capital should reflect the marginal cost of
labour and capital usage respectively. These weights are based on
value-added components as given in the National Accounts. In the
National Accounts the following definition holds: value added at basic
price is equal to labour compensation of the employees plus gross
operating surplus plus other net taxes on production. Operating sur-
plus should be divided into compensation for self-employed labour,
which is part of labour compensation, and the rest, which should be
allocated to capital compensation. However, labour compensation of
the self-employed is not separately registered in the National Accounts.
We make an imputation by assuming that the compensation per hour
of the self-employed is equal to the compensation per hour of employ-
ees. This assumption is made at the industry level and can be crude
for some industries where the characteristics of the self-employed and
employees differ widely.8

Similarly, other taxes on production should be allocated to both
capital and labour inputs. However, this is not straightforward, as
these consist of a variety of taxes levied on ownership and use of
land, use of fixed assets, total wage bill, licences, pollution, etc. In the
absence of detailed knowledge about the various tax types, taxes on
production are allocated to capital compensation as they mainly fall
on this factor input.

3.4 Labour services

The productivity of various types of labour, such as low- versus high-
skilled labour, will differ across these types. Standard measures of
labour input, such as number of persons employed or hours worked,
will not account for such differences. Hence it is important that mea-
sures of labour input take account of the heterogeneity of the labour
force in measuring productivity and the contribution of labour to

8 Ideally, the imputation for self-employed should be constrained to the mixed
income component of the gross operating surplus. However, data limitations
did not allow us to do so. Only in the case of Belgium has this restriction been
applied.
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Table 3.3. Classification of labour force for each industry

Dimension
Number of
categories Categories

Employment class 2 Employees; self-employed
Gender 2 Male; female
Age 3 15–29; 30–49; 50 and over
Education 3 High-skilled; medium-skilled; low-skilled

output growth. In the growth accounting approach, these measures
are called labour services, as they allow for differences in the amount
of services delivered per unit of labour. It is assumed that the flow of
labour services for each labour type is proportional to hours worked
and that workers are paid their marginal productivities. Then the
corresponding index of labour services input is given by a weighted
growth of hours worked by each labour type and weights are given
by the period-average shares of each type in the value of labour com-
pensation as in (3.7). We cross-classify hours worked by employment
class, educational attainment, gender and age into thirty-six labour
categories, 2∗3∗2∗3 types respectively (see Table 3.3). Age is included
as a proxy for work experience. The definitions of high-, medium- and
low-skilled are consistent over time for each country, but might differ
across countries. The high–medium–low skill split is too restrictive,
given the differences in educational systems throughout Europe. We
therefore assume comparability only across the university graduates
level (high-skilled), not at the other levels. Consequently, care should
be taken in comparing shares of educational attainment across coun-
tries and further research is needed into the exact definitions used. In
Table 3A.4 we provide a short overview of the definitions used for
high-, medium- and low-skilled for each country in the EU KLEMS
database.

In Table 3.4 we give an example of the calculations of the growth
in labour services for UK metal manufacturing. For clarity, data are
given for nine types of labour only, by summing over the gender
and employment class dimensions. The table shows the total hours
worked by each type and its share in total labour compensation.
Although middle-aged medium-skilled workers dominate this particu-
lar labour force, a clear upskilling took place between 1995 and 2005.
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High-skilled workers increased their hours worked, while hours by
low-skilled workers declined strongly. By multiplying the average share
in labour compensation and the growth in hours worked, the contri-
bution of each labour type to growth in labour services is calculated.
This is given in the last column. Total hours worked in metal manufac-
turing declined at a rate of 3.4 per cent per year while labour services
declined at 2.6 per cent. The difference of 0.8 per cent is due to the
change in the composition of the labour force, in this case upskilling.

Series on hours worked by labour types are not part of the core set
of National Accounts statistics put out by NSIs, even at the aggre-
gate level. Also, there is no comprehensive international database on
skills which could be used for this purpose. Previous cross-country
studies relied on rough proxies of skills, for example by distinguish-
ing production versus non-production workers as in Griffith et al.
(2004) or by combining a wide variety of disconnected sources such
as in Nicoletti and Scarpetta (2003). Country studies in greater depth,
such as Koeniger and Leonardi (2007), use consistent data for both
wages and employment by skill from one particular source. This is
also the strategy followed in EU KLEMS. For each country covered,
a choice was made of the best statistical source for consistent wage
and employment data at the industry level. In most cases this was the
labour force survey (LFS), which in some cases was combined with
an earnings survey when wages were not included in the LFS. In other
instances, an establishment survey or social security database was used.
Table 3A.5 provides additional detail on the sources used for each
country. Care has been taken to arrive at series which are consistent
over time. This involved significant additional effort, as most employ-
ment surveys are not designed to track developments over time, and
breaks in methodology or coverage frequently occur.

In Figure 3.4, industries in the EU are ranked on the basis of the
share of university graduates (high-skilled) in total hours worked in
1995. This share varies widely and is particular high in non-market
services including health, education and public administration, but
also in business and financial services. High-skilled shares are low in
agriculture, construction, hotels and restaurants and retailing.

The data on self-employed hours tend to be less easily available and
are not always reported in National Accounts or LFS. In some instances
these have been estimated from other figures. For example, for France
they have been estimated from hours worked by the employees cor-
rected for overtime, and, for the UK, trends from employees have been
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Figure 3.4. Share of high-skilled workers in total hours worked (percentage),
twenty-nine industries, EU, 1995. (Source: Calculations based on EU KLEMS
database, March 2008.)

used to estimate self-employed hours for the 1970s and 1980s. Further
details on the methods used for individual countries are given in their
respective sections in the EU KLEMS Sources document (Timmer, van
Moergastel, Stuivenwold et al. 2007). Also labour compensation of
the self-employed is not registered in the National Accounts, which, as
emphasised by Krueger (1999), leads to an understatement of labour’s
share. We make an imputation by assuming that the compensation
per hour of the self-employed is equal to the compensation per hour
of employees. This is especially important for industries which have
a large share of self-employed workers, such as agriculture, trade,
business and personal services. Also, we assume the same labour char-
acteristics for the self-employed as for employees when information
on the former is missing. These assumptions are made at the industry
level.
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Figure 3.5. Growth rates of labour input, twenty-nine industries, EU, 1980–
2005. Annual compound growth rates. In black, the growth in hours worked
and, in grey, the contribution of changes in labour composition. (Source:
Calculations based on EU KLEMS database, March 2008.)

Growth rates of labour services per hour worked across industries
differ much less than levels of labour services. Figure 3.5 provides an
overview of growth in labour services across industries in the EU over
the period 1980–2005. In almost all industries changes in labour com-
position (grey part) contribute positively to growth in labour services.
In most countries and industries there is a slow long-term up-skilling
trend that seems to be driven by the gradually increasing supply of
skilled labour. In contrast, growth in total hours worked (black part)
varied widely. In business services, hours worked grew at an annual
rate of almost 5 per cent. Also employment in many other services
industries grew strongly, whereas in most manufacturing industries
and traditional industries such as agriculture and mining employment
declined. Growth in labour services is clearly dominated by changes in
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Table 3.5. List of asset types and depreciation rates

Range of depreciation
rates across industries

Full name Abbreviation Minimum Maximum

Total assets GFCF
ICT assets ICT

Computing equipment IT 0.315 0.315
Communications equipment CT 0.115 0.115
Software Soft 0.315 0.315

Non-ICT assets Non-ICT
Residential structures Rstruc 0.011 0.011
Non-residential structures OCon 0.023 0.069
Transport equipment TraEq 0.061 0.246
Other machinery and equipment OMach 0.073 0.164
Other assetsa Other 0.073 0.164

Note: aOther assets include products of agriculture and other tangible and intangible
products not elsewhere classified, following the ESA 1995 (mainly mineral exploration
and artistic originals).

hours worked and not by any contribution from changes in the labour
force.

3.5 Capital services

As for labour, various types of capital will have differing productiv-
ities. While, say, a building delivers its services over a long period,
ICT assets such as software are typically replaced within five years.
To account for this difference the user-cost approach is employed and
capital input is measured as capital services, rather than stocks. It
is measured as the weighted growth of stocks of eight assets as in
(3.14)–(3.16). These assets are residential structures, non-residential
structures, transport equipment, information technology equipment,
communication technology equipment, other machinery and equip-
ment, software and other fixed capital assets. Table 3.5 provides more
information on this classification. For each individual asset, stocks have
been estimated on the basis of investment series using the perpetual
inventory method (PIM) with geometric depreciation profiles.
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Industry-level estimates of capital input require detailed asset-by-
industry investment matrices. Aggregate investment by industry and
aggregate investment by asset type are normally available from the
National Accounts. However, the allocation of assets to using indus-
tries in the so-called capital-flow matrix is not always made public by
the NSIs. The main reason for this is that the construction of this matrix
is much less reliable than the aggregate series and depends on a wide
variety of assumptions.9 For each country, the basic investment series
by industry and asset have been derived from capital-flow matrices and
benchmarked to the aggregate investment series from the National
Accounts. For some countries the classification of capital assets is
not always detailed enough to distinguish investment in information
and communications equipment. Additional information has been col-
lected to obtain investment series for these assets, or assumptions con-
cerning hardware–software ratios have been employed. Table 3A.6
provides additional detail on a country-by-country basis.

To transform the nominal investment series into volumes, price
deflators for each asset type are needed. Price measurement for ICT
assets has been an important research topic in recent years, as the
quality of those capital goods has been rapidly increasing. Until
recently, large differences existed among countries in the methodol-
ogy for obtaining deflators for ICT equipment, and the use of a sin-
gle harmonised deflator across countries was widely advocated and
used (Colecchia and Schreyer 2002; Schreyer 2002; Timmer and van
Ark 2005). This deflator was based on the US deflators for com-
puter hardware, which were commonly seen as the most advanced
in terms of accounting for quality changes using hedonic pricing tech-
niques (Triplett 2006). However, in recent years, many European coun-
tries, such as France, Germany, the Netherlands and the UK, have
made significant progress in either developing and implementing their
own quality-adjusted deflators for IT equipment, using high-frequency
matched models or hedonic-type deflators, or by using deflators based
on adapted price indices from the US Bureau of Economic Analysis.
These new deflators typically show price declines of about 10 per cent
annually. For those countries (Austria, Belgium, Finland, Italy and

9 For example, to distribute parts of equipment, computers and software the BEA
use occupation-by-industry data, rather than investment survey data (see
Meade et al. 2003).
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Spain) which have not yet implemented a quality-adjusted investment
deflator for computers, we continue to use the harmonisation proce-
dure suggested by Schreyer (2002).

Additional research on prices of other ICT hardware and software
suggests that official deflators in the National Accounts in the USA and
elsewhere might still overstate price changes for these high-tech prod-
ucts. Abel et al. (2007) provide an analysis of pre-packaged software
prices, Doms (2005) surveys research on telecommunication equip-
ment prices and van Reenen (2006) provides a case study of network
servers. As these studies are as yet infrequent and ad hoc, they are not
included in the EU KLEMS database. This must await further research
and the inclusion of improved price series in official National Accounts
statistics.

According to the perpetual inventory method (PIM), the capital
stock (S) is defined as a weighted sum of past investments with weights
given by the relative efficiencies of capital goods at different ages:

Sk,T =
∞∑

t=0

∂k,t Ik,T−t (3.31)

with Sk,T the capital stock (for a particular asset type k) at time T,
∂k,t the efficiency of a capital good k of age t relative to the efficiency
of a new capital good, and Ik,T−t the investments in period T − t. An
important implicit assumption made here is that the services provided
by assets of different vintages are perfect substitutes for each other.
As in most studies, a geometric depreciation pattern is applied in the
EU KLEMS database. With a given rate of depreciation δk which is
assumed constant over time, but different for each asset type, we get
∂k,t = (1 − δk)t−1, so that

Sk,T =
∞∑

t=0

(1 − δk)t−1 Ik,T−t = Sk,T−1(1 − δk) + Ik,T (3.32)

If it is assumed that the flow of capital services from each asset type k
(Kk) is proportional to the average of the stock available at the end of
the current and the prior period (Sk,T and Sk,T−1), capital service flows
can be aggregated from these asset types as a translog quantity index
by weighting growth in the stock of each asset by the average shares of
each asset in the value of capital compensation, as illustrated for two
asset types in (3.14) above.
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The estimation of the compensation share of each asset, vi, is related
to the user cost of each asset. The user cost approach is crucial in
any analysis of the contribution of ICT capital to growth. An example
might help to illustrate this approach. Suppose a firm leases a computer
and a building for one year in the rental market. If the cost of leasing
one euro of computers is higher than leasing one euro of buildings,
then computers have a higher marginal productivity, and this should
be accounted for. There are various reasons why the cost of computers
is higher than the cost of buildings. While computers may typically be
discarded after five or six years, buildings may provide services for sev-
eral decades. Besides, prices of new computers decline rapidly, while
prices of buildings normally do not. Hence the user cost of computers
is typically 50 to 60 per cent of the investment price, while that of
buildings is less than 10 per cent. Therefore one euro of computer cap-
ital stock should get a bigger weight in the growth decomposition than
one euro of building stock. Using the rental price of capital services
picks up this difference.

The rental price of capital services, pK
k,t, reflects the price at which

the investor is indifferent between buying and renting the capital good
for a one-year lease in the rental market. In the absence of taxation the
equilibrium condition can be rearranged, yielding the familiar cost-of-
capital equation:

pK
k,t = pI

k,t−1it + δk pI
k,t − (

pI
k,t − pI

k,t−1

)
(3.33)

with it representing the nominal rate of return, δk the depreciation
rate of asset type k, and pI

k,t the investment price of asset type k.
This formula shows that the rental fee is determined by the nominal
rate of return, the rate of economic depreciation and the asset-specific
capital gains.10 Ideally taxes should be included to account for differ-
ences in tax treatment of the different asset types and different legal

10 The logic for using the rental price is as follows. In equilibrium, an investor is
indifferent between two alternatives: earning a nominal rate of return r on an
investment q, or buying a unit of capital collecting a rental p and then selling it
at the depreciated asset price (1 – �)q in the next period. Assuming no taxation
the equilibrium condition is: (1 + rT)qi,T−1 = pi,T + (1 − δi )qi,T , with p as the
rental fee and qi the acquisition price of investment good i (Jorgenson and
Stiroh 2000, p. 192). Rearranging this yields a variation of the familiar
cost-of-capital equation: pi,T = qi,T−1rT + δi qi,T−1 − (qi,T − qi,T−1), which is
identical to (3.33).
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forms (household, corporate and non-corporate). The capital service
price formulas above should then be adjusted to take these tax rates
into account (see Jorgenson and Yun 1991). However, this refinement
would require data on capital tax allowances and rates by country,
industry and year, which is beyond the scope of this database. Avail-
able evidence for major European countries shows that the inclusion
of tax rates has only a very minor effect on growth rates of capital
services and MFP (Erumban 2008).

The nominal rate of return is determined ex-post as in the endoge-
nous approach (Jorgenson et al. 2005). It is assumed that the total
value of capital services for each industry equals its compensation for
all assets. This procedure yields an internal rate of return that exhausts
capital income and is consistent with constant returns to scale. This
nominal rate of return is the same for all assets in an industry, but
is allowed to vary across industries, and is derived as a residual as
follows:

i j,t =
pK

j,t K j,t + ∑
k

(
pI

k, j,t − pI
k, j,t−1

)
Sk, j,t − ∑

k
pI

k, j,tδk, j Sk, j,t∑
k

pI
k, j,t−1Sk, j,t

(3.34)

where the first term pK
j,t K j,t is the capital compensation in industry j,

which under constant returns to scale can be derived as value added
minus the compensation of labour. In section 3.7, alternative methods
for the calculation of rental prices are discussed.

In practice, the capital service prices implied by equation (3.33)
can be negative. Negative rental prices are not necessarily theoretically
inconsistent (see, for example, Berndt and Fuss 1986), but they can also
be an indication of empirical problems in the estimation of labour and
capital compensation shares (see below), or in the investment deflator.
Most negative rental rates are caused by large swings in investment
deflators, for example, in non-residential buildings. Others are due to
very low, or even negative, capital compensation, related to negative
value added or to over-adjustment of the labour compensation of self-
employed people, for example in agriculture. Negative capital prices
break down our aggregation framework and therefore need to be dealt
with by an ad hoc procedure. In the EU KLEMS database, we use a
simple heuristic rule and constrain the rental price to be non-negative,
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setting it to zero in cases where it is negative. See section 3.6 for further
discussion.

In the EU KLEMS database a harmonised approach to capital mea-
surement is used, based on one set of asset depreciation rates for all
countries. These depreciation rates differ by asset type and industry,
but not by country and not over time. Although depreciation rates most
likely vary across countries and time on account of differences in the
pace of structural change, there is no empirical evidence available that
can be used to model this. Assuming identical rates across countries
is clearly a second-best solution. The rates are based on the industry
by asset type depreciation rates from the Bureau of Economic Anal-
ysis (BEA) as described in Fraumeni (1997). The advantage of using
the BEA rates is that they are based on empirical research (albeit,
for many assets, rather outdated), rather than ad hoc assumptions
based on, for example tax laws, as in many European countries (see
Statistical Commission and Economic Commission for Europe 2004).
Detailed BEA asset lifetimes were aggregated based on capital stocks
for each separate asset type, available from the BEA data (see Timmer,
van Moergastel, Stuivenwold et al. 2007 for more details). Therefore,
depreciation rates of the more aggregated assets in EU KLEMS might
differ across industries. Table 3.5 provides the minimum and max-
imum rates over all industries in EU KLEMS for other machinery,
transport equipment and non-residential buildings. The rates for the
other asset types were the same for all industries. The rate for residen-
tial structures was set to 0.0114, the rate for 1-to-4-unit homes from
the BEA. The three ICT assets, computers, software and communi-
cations equipment, were also assumed to have the same depreciation
rate for all industries. These were set equal to the rates employed
in Jorgenson et al. Stiroh (2005), that is, 0.315 for computers and
software and 0.115 for communications equipment. These numbers
are supported by a careful study by Doms et al. (2004) on deprecia-
tion of personal computers. The rate for other immaterial assets was
set equal to software, infrastructure to non-residential buildings, and
products of agriculture and other products to other machinery and
equipment.

In Table 3.6 we give an example of the calculations of capital ser-
vices growth for UK metal manufacturing. Volume growth rates of the
stock of each asset between 1995 and 2005 are given in the first three
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columns.11 They indicate that the use of ICT assets has dramatically
increased. In contrast, the stocks of more traditional non-ICT capital
have declined, as depreciation was higher than additions through new
investment. In 1995, the combined share of ICT assets in the overall
capital stock was less than 3 per cent. Because of their high rental
prices, the ICT share in capital compensation was more than 7 per
cent. This share increased to over 36 per cent in 2005, indicating the
increasing importance of ICT assets in UK metal production. In the
last column the contribution of each asset to the growth in capital ser-
vices is given. This is based on multiplying the volume growth rate of
each asset by its average share.12 Clearly, the growth in capital services
is due to the increased use of ICT assets, in particular IT hardware.
Growth in ICT more than compensated for the sharp decline in the use
of other machinery. This example also illustrates the large differences
that can arise when capital input measures are based on stocks rather
than capital services. The overall capital stock in this industry did not
grow at all, while capital services input increased at an annual rate of
1.5 per cent. This underlines the importance of taking into account
the changing asset distribution of the capital stock, in particular the
increased use of ICT assets when analysing growth patterns.

The importance of ICT assets in production can be seen in many
other industries. In Figure 3.6 we provide a ranking of industries in
the EU on the basis of the shares of ICT assets in value added in
1995. In some industries the role of ICT is rather limited, for example
in agriculture, mining, construction, hotels and restaurants and vari-
ous traditional manufacturing industries. On the other hand, ICT is
used intensively in many services industries such as post and telecom-
munications, finance and business services, but also in a number of
manufacturing industries such as machinery. However, there is no
clear-cut division between ICT-using and non-ICT-using industries as
often used in earlier analyses of growth (see section 1.3). Instead, the
use of ICT assets has become firmly established in the daily production
routines of many firms. At the same time it is also clear that although

11 Stocks of other assets are zero in this industry.
12 In the EU KLEMS database, weights are averaged on an annual basis rather

than per period. This might lead to different decomposition results in cases
where asset shares change quickly over time, such as in the case of ICT assets.
The contributions in the table are based on annual changing weights rather
than the period average.
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Figure 3.6. Share of ICT capital compensation in value added (percentage),
twenty-nine industries, EU, 1995. (Source: Calculations based on EU KLEMS
database, March 2008.)

ICT capital has been an important driver of growth in capital input,
in many industries traditional non-ICT assets have played a major or
even dominant role in the past decades. In Figure 3.7 we have ranked
EU industries on the basis of growth in capital services inputs over
the period 1980–2005. This growth is split into the contributions of
ICT assets (in grey) and of non-ICT (in black). In only four industries
the contribution of ICT is higher than that of non-ICT capital in the
period 1980–1995. For the period 1995–2005 this increased to twelve
industries (not shown).

Finally in this section we show full growth accounts for the EU and
USA, showing contributions of inputs and MFP. In Tables 3.7 and
3.8 the results are shown for the EU and USA, respectively, by major
sector. These illustrate the important contributions of both ICT capital
and MFP growth in explaining productivity growth in many sectors.
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Figure 3.7. Growth rates of capital input, twenty-nine industries, EU, 1980–
2005. Annual compound growth rates of capital input by industry. In black,
the contribution of growth in non-ICT capital and, in grey, the contribution of
growth in ICT capital. (Source: Calculations based on EU KLEMS database,
March 2008.)

These findings were discussed in Chapter 2, and more detailed results
by industry are discussed in Chapter 5 below.

3.6 Issues in measuring outputs, inputs and productivity

A crucial question in productivity analysis is whether the data used
in the analysis are good enough to support the conclusions drawn
from them. In general, productivity estimates will be biased if nominal
outputs, prices, inputs or cost shares are not measured correctly (see
Schreyer 2001 or Diewert 2007). As with all data series there are some
unresolved measurement issues in EU KLEMS. Practical issues in using
the data, together with health warnings, are discussed in the appendix
to this chapter. Below we discuss some general measurement issues on a
variable-by-variable basis. At the same time, it must be stressed that the
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limitations of the EU KLEMS series vary widely by country, period and
variable and prudent users of the data should familiarise themselves
with the methods of construction as discussed on a country-by-country
basis in Timmer, van Moergastel, Stuivenwold et al. (2007).

Output and intermediate inputs

As mentioned above, output series are taken primarily from National
Accounts sources. However, this does not mean that these series are
by any means perfect. In fact, there are significant unresolved measure-
ment issues in the National Accounts, in particular for services. It is
well known that the problem of measuring output is in general much
more challenging in services than in goods-producing industries. Most
measurement problems boil down to the fact that service activities
are intangible, more heterogeneous than goods and often dependent
on the actions of the consumer as well as the producer. A distinc-
tion should be made between services which are traded in a market
(market services) and non-market services for which no prices exist.
The measurement of nominal output in market services is generally
less problematic, being mostly a matter of accurately registering total
revenue. But the main bottleneck is the measurement of output vol-
umes, which requires accurate price measurement adjusted for changes
in the quality of services output. There is no doubt that problems in
measuring market services output still exist, especially in finance and
business services, but many statistical offices have made great strides
in the measurement of the nominal value and prices. Output measures
in the National Accounts should give a fairly accurate internation-
ally comparable picture of developments in market services. This is
discussed at greater depth in section 3.7, which contains an analysis
of current practice and possible alternative measurement methods for
two examples, the retail trade and financial services sectors.

If there are unresolved measurement issues in market sectors, these
are magnified in the case of output in sectors where a large part of
the services are provided by the public sector, namely public admin-
istration, education, health and social services.13 The main problems
in measuring output in non-market sectors relate to the absence of

13 In EU KLEMS, as elsewhere, we refer to these sectors as ‘non-market services’,
recognising that some output of these sectors is provided by the private sector
and the extent of this varies across countries.
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market prices that allow aggregation across diverse outputs, in addi-
tion to the need to incorporate quality improvements.14 Typically, in
the past, nominal output was measured by wages, sometimes includ-
ing an imputation for capital costs. If output is measured by inputs,
productivity growth should be zero by definition. More recently there
has been a move to employ quantity indicators to measure volumes
of output, with European Union countries facing a Eurostat target
of removing the dependence on input measures. Until this process is
complete, productivity measures for these sectors should therefore be
interpreted with care, if at all.

Finally, on output measurement, it is important to note that for the
most part the output of the real estate sector (NACE 70) is imputed
rent on owner-occupied dwellings, so again productivity measures for
this industry need to be interpreted with care.15 Given the measure-
ment problems in regard to non-market sectors and real estate, EU
KLEMS presents aggregates for the market economy which exclude
public administration, education, health and social services and real
estate. The difference between growth rates of the total economy and
the market economy can be important. In 1995, the market econ-
omy covered around 70 per cent of the economy in the EU and the
USA. Typically, output growth in the non-market part of the econ-
omy is much lower than in the market economy, while growth in
hours worked is higher. As a result, the growth of value added per
hour worked in the market economy is normally higher than in the
non-market economy. Table 3.9 shows that this is particularly true
for the United States. Between 1995 and 2005 growth in labour pro-
ductivity in the US market economy was 0.7 percentage points higher
than growth in the total economy, while only 0.2 higher in the EU.
This indicates that comparative analyses of productivity growth in the
USA and the EU based on total economy numbers can be potentially
misleading.

14 For general discussions of the issues involved see Atkinson (2005) and
O’Mahony and Stevens (2006); the reader is referred to Castelli et al. (2007)
for discussion and possible resolution in the particular example of health
sector output.

15 Alternatively, one might define a separate household sector and impute capital
services to owner-occupied dwellings and household durables as in Jorgenson,
Gollop and Fraumeni (1987) and Jorgenson et al. (2005). See for a similar
attempt for some European countries Jalava and Kavonius (2009).
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Table 3.9. Growth in market versus non-market economy, EU and
USA, 1995–2005

Gross value
added

Hours
worked

Value added
per hour
worked

European Union
Total economy 2.0 0.8 1.3
Market economy 2.2 0.7 1.5
Non-market economy 1.6 1.0 0.6

United States
Total economy 3.2 1.0 2.2
Market economy 3.6 0.7 2.9
Non-market economy 2.2 1.6 0.6

Note: annual compound growth rates. Market economy excludes the following indus-
tries: public administration, education, health services and real estate.
Source: Calculations based on EU KLEMS database, March 2008.

For an analysis of the use of intermediate inputs in production it
is important to note that series of energy, materials and services are
derived by using their shares in intermediate inputs from supply and use
tables (SUTs) applied to series of intermediate inputs from the National
Accounts. SUTs are generally available on a frequent basis from 1995
onwards for many countries, but not for earlier years, and this necessi-
tates interpolation and assuming constant shares to complete series in
some cases. Also, because of the use of the purchasers’ price concept
the shares of services in intermediate inputs do not include trade and
transportation margins (see section 3.3).

Labour input

Series on number of workers and hours worked by industry present
relatively few problems, although there are still some unresolved
issues regarding differences in sources and methods for annual average
hours worked, which mainly affect level comparisons across countries
(OECD 2008, Annex 1). Incorporating adjustments for composition
of the labour force is more contentious. In EU KLEMS, skill levels are
categorised high, medium or low – this categorisation is dictated by
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the need to keep the number of categories relatively low, given sample
sizes in the underlying surveys. This fairly coarse categorisation can
lead to biases in the aggregate composition adjustment if employment
trends and wage shares differ within categories. The extent of these
biases also relates to the comparability of educational attainment and
qualifications across countries, since some sub-categories with rela-
tively high wages may be classified to high skill in one country and
medium skill in another. Therefore, comparisons of skill shares across
countries should be interpreted with care.

The growth accounting section of EU KLEMS presents estimates
of volume of labour input and labour services. Implicit in the con-
struction of these series is the assumption that each type of labour is
paid its marginal product. In some circumstances this assumption is
not appropriate, for example if there is widespread monopsony power
within an industry (Manning 2003) or an industry approximates a
bilateral monopoly. These problems might be addressed by inclusion
in regression equations of variables that proxy for collective bargain-
ing. An alternative might be that users include different types of labour
directly in an estimating equation. The additional variables section of
EU KLEMS contains data on hours worked and wage shares by skill
type, and for some countries the underlying data cross-classified by
gender, age and skill are also available.

Capital input

The assets covered by the EU KLEMS capital account are fixed assets
as defined in the ESA 95, with the exception of inventories, land and
natural resources on account of a lack of data. Inventories can be espe-
cially important in trade and transportation industries, while the lack
of land and natural resources data will mainly affect MFP estimates
for agriculture and mining. It has little effect on input and produc-
tivity measures of most other industries, especially since land is often
included with structures investment. Another particular problem con-
cerns the issue of ownership versus use of capital assets. In general,
assets are allocated to the industry of ownership, that is, in the case of
leasing, the assets are accounted for in the capital stock of the leasing
industry, and the using industry pays a rental fee which is recorded in
its use of intermediate services. A particular example is infrastructure:
public infrastructure is not allocated to the using industries but rather
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appears as part of the capital stock of public administration. This is
an important asset in the transport industries and hence MFP growth
in this industry includes the contribution of infrastructure to output
growth.

Depreciation rates in EU KLEMS vary by asset and industry, but
are held constant over time and across countries. Most likely these
assumptions do not hold, as depreciation also depends on the degree of
turbulence and innovation within an industry which induces premature
scrapping because of obsolescence. However, there is little empirical
evidence to buttress this argument and so it is difficult to measure
(Görzig 2007). As a second-best solution, constant rates are assumed.

Another issue is the way in which capital service prices are calcu-
lated. The theoretical basis for the Jorgensonian implementation in
(3.33) is fairly restrictive though, relying on perfect foresight. In the
somewhat more realistic setting of Berndt and Fuss (1986), firms first
choose their capital investments and when uncertainty about input
prices, demand and technology is resolved in the next period, they
choose their other inputs. This means that firms have to make an ex-
ante judgement about the user cost of capital to inform their investment
decision but the output elasticity of capital will depend on the realised,
ex-post, user cost. In practice, this would mean that to explain invest-
ment behaviour, the opportunity cost of firms’ own funds would be
used, for example an estimate of the weighted average cost of capital.
But to determine the productive effect of capital, an internal rate of
return would be used. This prescription seems straightforward. How-
ever, it depends on further restrictive assumptions. In particular, Berndt
and Fuss (1986) only consider investment in a single capital asset rather
than the multitude of different assets (buildings, machinery, etc.) that
are available in practice. As Oulton (2007) shows, the conclusions
are much less clear-cut in a world with many assets with no single
appropriate rate of return. Oulton (2007) ends up advocating a hybrid
approach that uses an external rate of return to aggregate across dif-
ferent capital assets and an internal rate of return to determine the
overall output elasticity of capital.

But aside from theoretical concerns, it is important to consider the
difficulties in practical implementation as well.16 A key assumption in

16 See Diewert (2008) and Schreyer (2009) for a more extensive discussion of
these topics.
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the background to all these models is that we know the investment of
a certain firm in each asset without error. In practice though, statistical
agencies face the challenging task of allocating total investment in each
asset across industries (rather than firms) and total investment by each
industry across assets. This also assumes that we know exactly what
the investments are and what the expenses are. In current practice,
spending on research and development (R&D), typically an activity
with a pay-off in the future, is classified as an expense rather than
an investment.17 Finally, to correctly implement (3.28), we need an
accurate number for total capital income, but in industries where the
number of self-employed workers is high, this is problematic since the
self-employed earn ‘mixed’ income, i.e. compensation for both their
labour and capital input. Taken together, it is clear that measurement
error will play a sizeable role and by using (3.34), the measurement
error will in part show up in variation of the internal rate of return,
leading to, for example, drastically different user costs for the same
asset across industries. Using an external rate of return, on the other
hand, would avoid these problems.

Moreover, even in the (restrictive) worlds of the Berndt and Fuss
and Oulton models, an external rate of return has a role to play.
As mentioned above, firms make an ex-ante assessment of the future
user cost of capital in making their investment decisions. And indeed,
Gilchrist and Zakrajsek (2007) use corporate bond data to construct
firm-specific user costs of capital and find a strong relationship between
this user cost and firm investment. In any specific year, the actual ex-
post rate of return will deviate from the ex-ante rate, but on average
over time the two should be similar.18

Most studies show that, in practice, the choice between the ex-
ante and ex-post measures does not make a big difference: on aver-
age, growth rates of capital services appear to be rather similar for
both methods, although for some individual industries differences can
be significant (Baldwin and Gu 2007; Oulton 2007; Erumban 2008;
Schreyer 2009; Inklaar 2010). However, this is not necessarily the case
when calculating the contribution of capital to output growth. Some
studies show that in contrast to capital service input growth, estimates
for MFP growth can be rather different, depending on whether ex-post

17 See Chapter 7 for discussion of intangible capital.
18 More precisely, a rational firm should not make systematic prediction errors.
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or ex-ante shares are used to weight the contribution of capital to out-
put growth. This can be the case in industries where the growth of
capital input is much higher than the growth of labour and ex-ante
and ex-post shares differ widely. Balk (2009) provides a defence of
the ex-ante approach. Baldwin and Gu (2007), van den Bergen et al.
(2008), Biatour and Kegels (2008) and Inklaar (2009) provide further
sensitivity analyses for Canada, the Netherlands, Belgium and the USA
respectively.

Multi-factor productivity

Multi-factor productivity (MFP) growth is measured as the difference
between the volume growth of outputs and the volume growth of
inputs. As such, it captures increases in the amount of output that
can be produced by a given quantity of inputs. Put alternatively, it
captures the reduction in input costs to produce a given amount of
output. Under strict neo-classical assumptions, MFP growth measures
disembodied technological change. Technical change embodied in new
capital goods is captured by our measure of capital input through
the use of quality-adjusted prices and user costs as weights in asset
aggregation. A proxy for embodied technological change might also
be of interest. One way to address this is by measuring capital input as
the capital stock deflated at real acquisition prices and aggregated with
nominal asset shares (Greenwood et al. 1997). The difference between
the EU KLEMS capital input series and this new series would be a
proxy for embodied technological change. The EU KLEMS database
provides the basic investment and capital stocks series to construct
these alternative measures of capital input.

MFP growth rates from growth accounts are occasionally negative,
especially for some services industries. This might seem improbable
as, under strict neo-classical assumptions, this indicates technological
regress. However, being a residual measure, measured MFP growth,
in practice, includes a range of other effects.19 First, in addition to
technical innovation it includes the effects of organisational change.
For example, the successful reorganisation of a business to streamline
the production process will generally lead to higher MFP growth in

19 See Hulten (2001; 2010) for an elaborate history of the MFP concept. Balk
(2003) provides another useful introduction to the concept.
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the long run, but in the short run might decrease measured MFP as
resources are diverted to the reorganisation process (for a discussion
see Basu et al. 2004). More broadly, MFP includes the effects from
any changes in unmeasured inputs, such as research and development
and investments in other intangible investments (Corrado et al. 2006).
This is further discussed in Chapter 7.

Second, MFP measures pick up any deviations from the neo-classical
assumption that marginal costs reflect marginal revenues. If, for exam-
ple, ICT investments have been driven more by herd behaviour than
by economic fundamentals, as may have occurred in the run up to
the dotcom bubble, marginal costs might be higher than marginal rev-
enues. Our analysis in Chapter 6 suggests that this might indeed have
been the case. Consequently, MFP is underestimated and the contri-
butions of ICT investment to growth are overestimated. Conversely if
there were above normal returns to ICT, for example due to network
externalities, its contribution would be underestimated (O’Mahony
and Vecchi 2005). Similarly, wages may not reflect marginal produc-
tivity in situations of regulated labour markets (Manning 2003). MFP
also captures changes in returns to scale. For example, there is some
evidence that scale is important for realising productivity growth in
retail trade, possibly because of the large outlays required for modern
inventory management systems. Foster et al. (2006) show that much of
US productivity growth in retail trade is due to the spread of national
chains. If a firm originally operates below its minimum efficient scale,
increasing production will lead to an increase in measured MFP. One
way to relax the underlying market-clearing assumptions and allow
for mark-ups and varying returns to scale is by using cost shares rather
than output value shares (Hall 1988; Crafts and Mills 2005). This
requires independent estimates of the cost of capital through ex-ante
rates of return as discussed above.

Third, in this database, MFP is measured at the industry level, not
at the firm level. Industry-level MFP reflects not only the average
change in MFP of each firm within the industry, but also includes
the effects of reallocation of market shares across firms. Typically,
it is found that within countries there is a large dispersion in pro-
ductivity across firms (Bartelsman and Doms 2000; Bartelsman et al.
2004). MFP growth in a particular industry might increase through
a shake-out of the least productive firms, for example because of
increased competitive pressure after the liberalisation of domestic
markets.



EU KLEMS database 89

Fourth, and related to the above, is that MFP captures the com-
bined effect of technological change and technical efficiency change as
described by Malmquist distance functions.20 In this approach technol-
ogy is considered as a set of feasible combinations of input and output
quantities based on a body of knowledge about production processes
and organisational structures, rather than as a production function as
in growth accounting. If firms do not behave optimally, they can be
technically inefficient, that is, operating below the technology frontier.
For example, privatisation of a public firm might lead to a reduction
in input use while output remains the same. This is an improvement in
the firm’s technical efficiency, but does not indicate technical change
in the sense described above.

Finally, MFP includes measurement errors in inputs and outputs,
such as inadequate accounting for quality change in new services out-
put, or high-tech inputs. We partly address this problem by using defla-
tors for IT investment that correct for quality change. In the next sec-
tion we discuss the – in our view – limited degree of mis-measurement
of services output.

In conclusion, it can be stated that all effects on measured MFP
discussed here can be broadly summarised as ‘improvements in effi-
ciency’, as they improve the productivity with which inputs are used
within the industry.

MFP measures can be derived at various levels of aggregation. Gross
output decompositions are most meaningful at the lowest level of
aggregation, viz. establishments. As soon as aggregates of gross out-
put are decomposed, problems of comparability appear over time and
across countries, depending on differences in the vertical integration of
firms. Ideally, decomposing gross output should be done on a sectoral
output measure which excludes intra-sectoral deliveries of intermedi-
ates (see Gollop 1979). Measures of sectoral output require detailed
symmetric domestic input-output tables, which are not available on a
sufficiently large scale for all European countries.21 Also, a coherent
framework for aggregation in an open economy has not yet been devel-
oped, as the standard methods ignore the role of imports. Therefore,
value-added decompositions are most often made. For value-added

20 See Coelli et al. (2005) for an accessible introduction to efficiency and
productivity analysis.

21 For the level comparisons in Chapter 6, these have been constructed for one
particular year.
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based MFP to represent technical change the value-added separability
assumption needs to hold. Generally it is found that this assumption
is too restrictive (see Jorgenson, Gollop and Fraumeni 1987 for an
extensive discussion). Nevertheless, value-added based measures are
widely used as they add up easily to aggregate GDP. Also, they do
not require explicit series on gross output and intermediate inputs,
although these data are needed where value added is derived by a
proper double-deflation method.

Growth accounting and causality

It should be emphasised that growth accounting is useful as a descrip-
tive tool but that it is merely accounting and says nothing about causal-
ity. For example, MFP growth in computer manufacturing may lead
to a price decline in ICT assets, which induces investment in ICT and
growth in capital services. Therefore improved technology partly has
its effect through the capital contribution (Aghion and Howitt 2007).
In addition, specific complementarities between various types of input
are not taken into account, for example between skills and ICT capital.
More fundamentally, proximate sources of growth such as productiv-
ity growth and investment are endogenous to deeper causes such as
technical change, institutions, geography or macro-economic policies
as discussed in Maddison (1995) and Aghion and Howitt (2009). This
includes key contributions such as Acemoglu et al. (2002) and Krug-
man and Venables (1995), to name but two. But growth accounting
provides a useful starting point for the identification of the contribu-
tions of the proximate sources of growth. Also it provides a consistent
structure in which data on output and inputs can be collected, both
across industries and between variables, and as such it is a powerful
organising principle. Nevertheless, the method is constrained by its
assumptions and so researchers may prefer to work with the under-
lying data. We believe that by also providing the basic input data of
the growth accounts, EU KLEMS can support a much wider variety
of approaches to the study of economic growth, alongside growth
accounting.

3.7 Measurement issues in market services

Griliches (1994) paid particular attention to services sector output
as a key source of uncertainty. Indeed, many recent studies look at
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measurement problems in services, for example Wölfl (2003), Triplett
and Bosworth (2004; 2008), Abraham (2005) and Crespi et al. (2006).
Triplett and Bosworth, in particular, conclude that in the USA, output
measurement in services has improved considerably, even as numer-
ous areas for further improvement still exist. This section provides
an international comparative perspective on output measurement in
services. We first discuss the current state of measurement practices
in services across Europe and then we discuss our research on two of
these service industries, namely retail trade and banking. Our overall
assessment tends towards a ‘glass half full’: improvements in measure-
ment practices have been substantial over the years and measurement
methodologies have also become more similar. As a result, official
statistics should give us a broadly reliable overview of growth trends
in market services. Nevertheless, progress is still uneven across Europe
and investment in service price measurement is less extensive than in
the USA.

European measurement practices

There is no doubt that problems in measuring services output still
exist, but today the data situation is much better than say two decades
ago. In recent years, many statistical offices have made great strides in
measuring the nominal value and prices of services output. However,
progress has been uneven, both across industries and countries. For
example, in most countries measurement problems are still most severe
in finance and business services.22 However, differences in progress
across countries point to large potential gains from ‘catching up’ to
best practice.

To provide an assessment of statistical practices in European coun-
tries, we have made use of a series of recent surveys of volume measure-
ment practices by national statistical institutes (NSIs) in the European
Union. These inventories were mandated by Eurostat. Using the Euro-
stat Handbook on Price and Volume Measures in National Accounts
(Eurostat 2001), NSIs have graded their volume measurement tech-
niques in each industry as an A-, B- or C-method. An A-method is
considered to be most appropriate, a B-method is an acceptable alter-
native to an A-method, and a C-method is a method that is too biased

22 See, for example, a study of measurement practices in the UK by Crespi et al.
(2006).
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to be acceptable, or one that is conceptually wrong. For example, for
business and management consultancy services, an A-method would
be the collection of actual or model contract prices, with such prices
needing to account for changes in the characteristics of the contracts
over time. A typical B-method could be the use of charge-out rates or
hourly fees for business services or the price index of a closely related
activity, such as accounting or legal services. A C-method would be any
other deflation method, such as using the overall CPI or PPI (Eurostat
2001, pp. 107–8).

The inventories by the NSIs referred to above describe the state of
measurement practices in each country around the year 2000. Most
countries gave explicit grades for each industry and where possible,
we cross-checked this grading with the description in the Handbook.
Table 3.10 shows the share of output in each industry that is deflated
using A-, B- and C-methods, averaged across those European countries
for which these inventories were available.23 The inventories reflected
the situation around the year 2000 and it is not known to what extent
subsequent revisions have changed the measurement practices both for
current and historical series.

The top part of the table shows the average output share and the
bottom part shows the range of shares across countries. The table
shows that measurement practices in market services are far from per-
fect since A-methods, with the exception of hotels and restaurants,
account for only a small share of output in most industries. It also
shows that measurement is most problematic in finance and business
services, where nearly half of the output is deflated with C-methods.
As might be expected, there is also substantial variation in measure-
ment across countries, but generally hotels and restaurants are the
best measured (based on value data collected from surveys of busi-
nesses in the industry deflated by consumer price data on the hotel
and restaurant expenditures) and finance and business services are the
worst measured (see below). However, it is clear that the scope of
measurement problems should not be overstated: only around 30 per
cent of total market services output is deflated using inappropriate –
and hence potentially misleading – methods while for the remainder at
least acceptable measures are used.

23 These are still fairly broad industries, hiding some of the heterogeneity within
these industries. However, the main differences are across industries.
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Table 3.10. Share of value added in market services in European
countries deflated using A-, B- or C-methods around the year 2000
(percentage)

ISIC (rev. 3)
code Industry A-method B-method C-method

Average
50–2 Wholesale and retail trade 0 79 21
52 Retail trade 0 79 21
55 Hotels & restaurants 67 26 7
60–3 Transport & storage 9 67 24
64 Post & telecommunications 9 80 11
65–7 Financial intermediation 0 57 43
65 Banking 0 68 32
71–4 Business services 8 44 48
90–3 Social & personal services 15 44 42

Market services 10 59 31

[Minimum–Maximum]
50–2 Wholesale and retail trade [0–1] [0–100] [0–100]
52 Retail trade [0–1] [0–100] [0–100]
55 Hotels & restaurants [18–87] [0–82] [0–70]
60–3 Transport & storage [0–34] [32–100] [0–60]
64 Post & telecommunications [0–73] [27–100] [0–70]
65–7 Financial intermediation [0–0] [0–94] [6–100]
65 Banking [0–0] [0–100] [0–100]
71–4 Business services [0–37] [5–96] [0–95]
90–3 Social & personal services [0–48] [12–93] [7–89]

Market services [3–15] [12–83] [5–86]

Notes: Classification into A-, B- and C-methods are by national statistical offices,
based on Eurostat (2001). A-method is defined as most appropriate, B-method as
acceptable and C-method as unacceptable. Average share is calculated based on
information for Austria, Belgium, Denmark, Finland, France, Germany, Italy, the
Netherlands, Sweden and the UK. For each country and each industry we use infor-
mation on the share of value added deflated using A-, B- or C-methods, and for each
industry (as well as the total average) these shares are averaged across countries.
Sources: Eurostat inventories on volume measurement practices of European national
statistical institutes.
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The bottom part of the table illustrates that differences across coun-
tries are very large. For example, there is one country that deflates
almost three-quarters of output in post and telecommunications using
an A-method while there is another country that deflates 70 per cent
of output using a C-method. The country with the best measurement
practices uses C-methods for only 5 per cent of market services out-
put, while the country with the worst practices relies on C-methods
for 86 per cent of all output. However, this latter country is only one
of two outliers, which does suggest that convergence to best measure-
ment practice within Europe would already allow for a more accurate
assessment of productivity growth in market services. This would not
so much require additional conceptual work, but more effective adop-
tion of best practices among NSIs (see also Crespi et al. 2006). More-
over, researchers and other users would benefit substantially from more
openness and transparency by NSIs about measurement practices. The
unpublished, confidential and infrequent measurement inventories in
Europe stand in sharp contrast to easily accessible publications as pub-
lished in the Survey of Current Business of the US Bureau of Economic
Analysis, which regularly reports on updates in the methodologies used
in constructing the US National Income and Product Accounts.

After this general overview of A-, B- and C-methods, we look at
two industries in some more detail, namely retail trade and banking.
As Table 3.10 implies, measurement in retail trade is by and large
acceptable, while in banking the problems are much more severe. This
is also reflected in our own research, where we are able to make an
international comparison of productivity growth in retail trade based
on current and improved statistical methods, while in banking we are
limited to comparing methods for the USA.

Retail trade

Productivity growth in the US retail trade industry since 1995 has been
rapid, both compared to the earlier years (Triplett and Bosworth 2004)
and compared to most European countries (van Ark et al. 2003). This
has led to discussions about the underlying causes, but also raised the
question whether or not this is merely a statistical artifact (European
Commission 2004; Gordon 2007). The key problem is that in current
National Accounts methodology, changes in prices of the most impor-
tant input in retail trade, namely the purchases of goods for resale,
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are not accounted for. The failure to account for changes in prices
of purchased goods has always been problematic, but is becoming
more pressing for two reasons, namely changes in retailers’ business
models and rapid decline in sales prices of high-tech goods. First,
changes in the business models of retailers are changing the demar-
cations among the activities of traders, manufacturers and customers.
Triplett and Bosworth (2004) provide a simple example regarding the
sale of bicycles, which in the past were delivered to the retailer fully
assembled. Today they typically arrive in a box, and customers can
choose between having the store arrange for assembly and doing it
themselves. Failure to account for differences in prices of goods pur-
chased by the retailer can lead to misstated growth rates if certain activ-
ities are shifted between stores and suppliers (Triplett and Bosworth
2004; Manser 2005).

The second reason is the rapid price declines of high-tech goods,
such as computers. Paradoxically, improvements in the price measure-
ment of sales can lead to deterioration in the measurement of trade
productivity, when changes in purchase prices are not accounted for.
This problem is akin to that of Triplett (1996) when he argued that
more accurate price measures for the output of the computer manu-
facturing industry (computers) should be accompanied by better price
measures for its inputs (e.g. semiconductors). Differences in measure-
ment practices for the prices of high-tech goods across countries will
also lead to artificial differences in measured productivity growth in
retail trade. In particular, the more accurate adjustment for quality
change for sales of high-tech goods in the USA, without similar adjust-
ment for prices of purchases, is likely to lead to an overstatement of
productivity growth in retail compared to Europe, where both sales
and purchases prices are typically not adequately adjusted for quality
change. Inklaar and Timmer (2008a) provide an attempt to measure
this bias and their approach and results are summarised below.

In retail trade (and distributive trades more generally), different con-
cepts of output are used. The broadest is sales of products. Gross mar-
gins, the output concept used in the National Accounts, are only a
limited share of sales (around 25 per cent) and subtract the cost of
goods sold. Value added is derived by subtracting the use of inter-
mediate inputs such as packaging materials, energy and business ser-
vices. Value added is only a limited share of gross margins (around
60 per cent). Measuring these output concepts in current prices is
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fairly straightforward, but the computation of output volumes poses
greater problems. As long as prices for all output and all inputs are
known, the choice of output measure is inconsequential. This can be
illustrated using the example of double-deflated value added. Prices for
value added are not observed directly, but statistical agencies use infor-
mation on the gross output volumes and intermediate input volumes to
implicitly estimate value added volumes. Similarly, given information
on sales volumes and volumes of goods purchased for resale, double-
deflated margins can be estimated:

� ln S = vM� ln M + (1 − vM)� ln C (3.29)

where S is the volume of sales, M the volume of margins, C the volume
of goods purchased for resale and vM the share of margins in sales.
If all variables except M are known, M can be implicitly calculated.
However, volumes of goods purchased for resale are not readily avail-
able so statistical agencies by and large use the volume of sales as a
proxy for the volume of margins. In the Eurostat Handbook (Eurostat
2001), this is described as a B-method.

In Inklaar and Timmer (2008a), consumption expenditure data and
matched consumer and producer prices are used to estimate the volume
of goods purchased for resale, C, for France, Germany, the Nether-
lands, the UK and the USA. This would qualify as an A-method as it
does not necessitate potentially implausible assumptions. While this is
experimental, it does provide some indication of how much this could
matter if implemented in official statistics. Table 3.11 shows average
annual growth of real sales and double-deflated real margins. Real
sales are currently used as a proxy for real margins, but this table illus-
trates that the differences between the two measures are substantial in
most cases. It shows that moving from a B-method to an A-method can
make quite a difference in the magnitude of output growth. The direc-
tion over time can also change: in Germany real sales growth slowed
down after 1995 while real margins growth accelerated. However, the
cross-country comparison is not strongly affected: countries with high
output growth according to the sales proxy, like the UK and USA, also
had comparatively high margins growth.

While the double deflation method is conceptually preferable,
matching consumer and producer prices is difficult in practice and
the degree of noise may be substantial. An alternative to this ‘macro-
level’ matching of prices is to directly survey retailers on their purchase
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Table 3.11. Average annual growth of real retail
sales and margins, 1987–2002

1987–95 1995–2002

Sales Margins Sales Margins

France 2.4 0.1 2.6 −0.2
Germany 2.9 1.5 1.6 2.4
Netherlands 2.3 2.6 1.9 2.2
UK 3.0 6.3 5.2 6.5
USA 2.8 3.1 4.5 4.9

Note: Data for Germany refer to 1991–5 instead of 1987–95.
Source: Inklaar and Timmer (2008a), Table 5.

and sales prices. In the USA, this method is now applied in measuring a
producer price for wholesale and retail trade (see, for example, Manser
2005).

Banking

The measurement of bank output is a particularly difficult area because
much of this output is not explicitly priced.24 Instead, borrowers pay
a higher interest rate on their loans in return for screening and mon-
itoring services while depositors receive a lower interest rate on their
deposit accounts in return for transaction services and safekeeping.
Eurostat (2001) acknowledges this problem and argues that there is
no fully satisfactory method to distinguish price and volume move-
ments of this implicitly priced output. As second-best alternatives,
Eurostat (2001) outlines two methods currently in use. The most com-
monly used is the so-called ‘deflated-balances’ approach, where the
trend in implicit bank output is given by the total amount of loans and
deposits outstanding, deflated using a general price index such as the
CPI. Given information on bank balance sheets, this method can be
applied in a straightforward fashion. In the other method, which we
call the ‘activity-count’ approach, the number of deposit transactions
and loans are used as output indicators. Currently, the only country

24 The discussion on banking is from Basu et al. (2009), Inklaar and Wang
(2009) and Colangelo and Inklaar (2010).
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to use the activity-count approach is the United States, with other
countries relying on the deflated-balances approach.25

However, we would argue that the activity-count method has some
preferable features compared to the deflated-balances method. Nei-
ther is perfect, but the assumption implicit in the deflated-balances
approach is that every euro’s (or dollar’s) worth of loans corresponds
to a constant amount of services over time. An example on residential
mortgages can help demonstrate that this could well lead to a bias in
output. If house prices in a country rise relative to the general price
level, as occurred in numerous countries up to 2007, it seems likely
that the average size of a mortgage will also increase. Indeed, in the
USA, the average mortgage increased from $156,000 (at 2007 overall
CPI prices) at the start of 2000 to $200,000 at the end of 2007, corre-
sponding to a roughly constant loan-to-house-price ratio.26 Under the
deflated-balances approach, the services provided per mortgage would
therefore have increased by almost 30 per cent over this period even
though it seems unlikely that banks would have expended that much
extra effort on screening and monitoring (prospective) borrowers.27

The activity-count approach assumes constant services per loan over
time, which seems to us a more plausible approximation.

To provide some indication of how much this may influence overall
implicit bank output, we can make an actual comparison between the
two methods for the USA only, based on Inklaar and Wang (2009).
Their figures show that for the USA in particular after the late 1990s,
when house prices started to increase rapidly, the two approaches dis-
played extensive divergence. According to the activity-count approach,
implicit output in 2005 had increased by 14 per cent from 1997, while
the deflated-balances approach showed an increase of 50 per cent.28

25 One exception is the Netherlands, which uses the activity-count approach for
deposits and the deflated-balances approach for loans. In addition, some
countries may use even less suitable methods (C-methods in the Eurostat
(2001) classification) such as deflating the net interest margin using a general
price index. We do not discuss these methods here.

26 These numbers refer to mortgages on all types of houses, financed using
fixed-rate fifteen-year or thirty-year loans, from the Federal Housing Finance
Agency.

27 Arguably the subsequent financial crisis suggested that banks expended less,
rather than more effort in this area.

28 Note that this only refers to commercial banks and excludes fee-based output,
which makes up about 40 per cent of total bank output in the latter part of the
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Table 3.12. Growth in implicit bank output volumes
and in house prices relative to the overall price level,
2000–06

Implicit bank output House prices

France 4.5 9.2
Germany 0.5 −1.7
Italy 3.9 3.5
Spain 10.7 6.7
UK 7.5 10.7
USA 5.4 7.1

Notes and sources: Annual average growth rates. Implicit bank
output is calculated by deflating the change in total loans plus
deposits by the CPI. For France, Germany, Italy and Spain, the
loan and deposit data are from the ECB Statistical Data Ware-
house; for the UK, from the Bank of England; US figures are from
Inklaar and Wang (2009). House price data are from statistical
agencies (France and Germany), Nationwide (UK), Case-Shiller
(USA) and the BIS (Italy and Spain). The CPI is used as the overall
price level for the house price numbers.

While we cannot show a similar figure for European countries we can
provide some indication of how much it could matter. To this end,
Table 3.12 shows output growth according to the deflated-balances
method for a number of European countries and the USA for the period
2000–6. In addition, we show the average change in house prices rela-
tive to the overall price level. As this table makes clear, European coun-
tries, with the exception of Germany, had substantial growth according
to the deflated-balances approach. Intriguingly, Germany was the only
country where house prices declined relative to the overall price level
over this period. In general the data are suggestive of a positive correla-
tion between house prices and measured bank output. Of course, this
is information for a few countries only, and mortgages are only a part
of bank loans.29 However, it does provide suggestive evidence that the
deflated-balances approach overstates ‘true’ bank output growth when

period. However, this figure does serve to illustrate the contrast between the
two approaches.

29 In the USA, where real estate loans for both residential and commercial
purposes are included, these loans make up about two-thirds of all loans. In
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house prices increase rapidly. Conversely, as house prices decline, we
would expect deflated-balances output growth to be too low.

This section illustrates that some work is still required to achieve the-
oretically and empirically robust measures of output in market service
sectors. Nevertheless, we conclude that for many market service indus-
tries, output measures in the National Accounts should give a fairly
accurate – albeit not perfect – internationally comparable picture of
developments; see also Hartwig (2008). It is worth emphasising again
that much progress could be achieved if all NSIs in the EU followed
best practice.

3.8 Comparisons with alternative measures

Despite the publication of an OECD handbook on productivity mea-
surement (Schreyer 2001), which is based on the growth accounting
methodology, national statistical institutes (NSIs) have been slow in
adopting this methodology and, to date, only few NSIs have published
MFP-measures on a regular basis.30 Because of the lack of the required
statistics, various scholars have based their analyses on the OECD
Structural Analysis Database (STAN) and its predecessor, the Inter-
national Sectoral Database (ISDB). Interestingly, these databases were
never designed for productivity analysis and as a result researchers
have had to apply additional methods and make ad hoc adjustments,
for example in the calculation of capital stocks or combining historical
series.31 Also, adjustments for changes in the composition of labour
and capital could not be made on the basis of STAN and this was
ignored, or additional data had to be found. This was done mostly
for the purpose of one single study, which hindered validation and

the euro area, loans to households for house purchases make up about 40 per
cent of all loans.

30 These include Statistics Denmark, Statistics Netherlands, the Australian
Bureau of Statistics, Statistics Canada and the US Bureau of Labor Statistics
(BLS). Various other NSIs are currently experimenting with growth accounting
statistics.

31 Instead STAN was intended for tracking knowledge spillovers (in combination
with other OECD databases such as ANBERD and the input-output database)
and general structural analyses. It provides industry-level series on output,
employment and aggregate investment for OECD member states. For a limited
number of countries, capital stocks are given as well. It is mainly based on data
published in the latest vintage of the National Accounts of each country.
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replication of results by others. The EU KLEMS database was designed
to fill this gap.

In Table 3.13 we indicate that using more data-intensive input mea-
sures, as in EU KLEMS, is not only conceptually appealing, but also
leads to measures of MFP growth which can be radically different from
cruder measures that have been used in other studies. The first column
shows the EU KLEMS measure of MFP growth for the overall mar-
ket economy for the 1995–2005 period for each country. In the next
three columns we show the impact of the main refinements of the EU
KLEMS database, namely accounting for changes in the average num-
ber of hours worked, changes in labour composition and changes in
capital composition. The column labelled ‘Crude MFP measure’ shows
what measured MFP growth would be without these refinements. The
crude measure is calculated by subtracting the weighted growth in
persons engaged and growth of the capital stock from growth in value
added volumes. This is the measure most commonly used, for example,
by Vandenbussche et al. (2006) and Färe et al. (2006). Changes in aver-
age hours and in labour composition are taken into account in a much
smaller set of studies (such as Nicoletti and Scarpetta 2003; Griffith
et al. 2004; Cameron et al. 2005), and changes in capital composition
at the industry level are hardly ever accounted for.

The bottom row of the table shows that each of the three refine-
ments made in the EU KLEMS database has a substantial effect on
MFP growth. Crude MFP measures point to an average growth across
countries of about 1.2 per cent per year, while the EU KLEMS results
show growth of only 0.8 per cent. So what drives these adjustments?
The mostly negative numbers in the ‘average hours worked’ column
means that measured MFP growth is lower, and hence labour input
growth is higher on a ‘per person’ than on a ‘per hour’ basis. In other
words, most countries saw a decline in the average number of hours
worked and MFP was on average underestimated by 0.2 per cent, as
indicated in the last row. In contrast, the positive numbers for the
labour and capital composition adjustments mean that crude MFP
growth is overstated and labour and capital input growth are actually
higher. In the case of labour composition, this means that there has
been a shift of employment to workers with a higher wage, such as
those with higher educational classifications, contributing about 0.2
percentage points. In the case of capital composition, it likewise means
a shift towards capital with higher rental prices, such as ICT capital,



Table 3.13. Alternative estimates of MFP growth in market economy, average 1995–2005

Contribution from changes in

EU KLEMS
MFP
measure

Average
hours
worked

Labour
composition

Capital
composition

Crude MFP
measure

OECD
STAN-based
MFP measure

NSI MFP
measure

Austria 1.14 0.00 0.20 0.19 1.52 n.a. n.a.
Belgium 0.07 0.04 0.23 1.03 1.37 1.35 n.a.
Czech Republic 0.61 −0.13 0.19 0.60 1.27 2.09 n.a.
Denmark 0.01 0.19 0.23 0.36 0.80 1.58 0.22
Finland 2.49 −0.23 0.11 0.21 2.57 3.31 1.65
France 0.80 −0.51 0.37 0.29 0.95 1.31 n.a.
Germany 0.36 −0.51 0.05 0.41 0.31 0.98 0.37
Hungary 2.56 −0.20 0.43 0.22 3.01 n.a. n.a.
Ireland 1.34 −0.32 0.24 0.81 2.07 n.a. n.a.
Italy −0.68 −0.21 0.19 0.35 −0.36 −0.26 −1.01
Netherlands 0.99 −0.26 0.43 0.21 1.37 1.64 1.27
Portugal −0.41 −0.24 0.20 0.30 −0.16 n.a. n.a.
Slovenia 1.44 −0.26 0.41 0.58 2.17 n.a. n.a.
Spain −0.82 −0.22 0.38 0.19 −0.47 −0.44 n.a.
Sweden 1.55 −0.19 0.30 0.48 2.14 n.a. n.a.
UK 0.85 −0.29 0.45 0.33 1.35 n.a. n.a.
USA 1.34 −0.11 0.31 0.33 1.87 n.a. 1.57
Average 0.80 −0.20 0.28 0.40 1.28

Notes and sources: The first five columns are based on data from the EU KLEMS database, March 2008. The contribution from changes in
average hours worked is computed by multiplying the change in average hours worked by the share of labour compensation in value added.
The contribution from changes in labour composition is computed analogously. The contribution from changes in capital composition is
computed using the share of capital compensation in value added. The sum of EU KLEMS MFP growth (in the first column) and the three
contributions gives the numbers shown in the column labelled ‘Crude MFP measure’. The OECD STAN numbers in column 6 are computed
using the 2008/9 edition of the database and refer to the non-agriculture business sector. MFP growth is calculated by subtracting the weighted
growth in persons engaged and the weighted growth in the capital stock from the growth of value added in the non-agriculture, non-real-estate
business sector. The share of labour compensation in value added in STAN is calculated by assuming that self-employed workers earn the
same average wage as employees. The last column gives alternative estimates from national statistical institutes. Sources and coverage are as
follows: Denmark from StatBank Denmark, non-farm business sector excluding real estate; Finland from Statistics Finland, total economy;
Italy from Istat, total economy, excluding government; Netherlands from CBS Statline, commercial sector, ‘neo-classical model’ estimates;
United States from BLS, private business sector. Germany is from Ifo Industry Productivity Database (Eicher and Strobel 2009).
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contributing 0.4 percentage points. Although there are of course differ-
ences across countries, the sign and proximate size of the adjustments
is fairly comparable and crude measures always lead to overestimates,
except for Germany.

The final two columns of Table 3.13 provide a comparison of EU
KLEMS MFP growth estimates with estimates from other sources. The
most readily available alternative cross-country database on indus-
try output and productivity is the OECD STAN database. The MFP
growth that can be calculated from this database is conceptually com-
parable to crude MFP as it is based on persons employed and capital
stock. Although for a number of countries, estimates of hours worked
are also given in the database, this is not the case for most. A more
serious problem in estimating MFP growth is that capital stocks are
often not available, so comparisons could only be made for nine coun-
tries. It should also be noted that STAN does not distinguish the mar-
ket economy as a separate aggregate, but does provide data for the
non-agriculture, non-real-estate business sector, which is used here.32

Overall, the cross-country pattern is reasonably comparable in that
countries with high growth rates based on STAN data also show high
growth rates in EU KLEMS. But there are many differences as well. In
general, one can say that the differences in labour productivity growth
rates between STAN and EU KLEMS are relatively minor, underly-
ing the complementary nature of the two databases for basic data.
Differences in output and employment growth are generally small,
although differences are possible because of differences in the vintage
of the National Accounts series used, and in the use of different index-
number formulas for industry aggregation. We use the theoretically
based Törnqvist indices, whereas in most National Accounts and in
STAN, chained Laspeyres-type indices are used. These differ only in
cases of very high or low growth rates. The greatest difference can
be found in capital stock estimates. STAN provides aggregate stock
estimates for those countries which publish these in their National
Accounts. The internationally harmonised approach to capital mea-
surement in EU KLEMS often differs from the practice used in the
National Accounts of a particular country. The adjustments for capital

32 The main difference of this aggregate from the market economy aggregate is
that the market economy includes agriculture, forestry and fishing (division A
and B) as well as other community, social and personal services (division O).
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and labour composition in EU KLEMS provide additional information
not available in STAN.

The last column shows MFP growth estimates by national statistical
agencies. Of the seventeen countries covered here, five have national
statistical agencies that produce official MFP growth estimates. As the
notes to the table make clear in more detail, the industry aggregates
to which these data refer vary, both from our market economy con-
cept and from each other. So, for example, in the case of Italy, the
number refers to the total economy, excluding government, while for
the USA, the number is for the private business sector. In concept,
the MFP measures from the NSIs are usually closer to the EU KLEMS
concept as they correct for hours worked and often also include labour
and capital composition, but not always. So, for example, the number
for the Netherlands does not include the contribution from changes
in labour composition, explaining most of the 0.3 percentage point
difference between the EU KLEMS and the ‘official’ numbers. Also,
NSIs often have alternative methods for calculating capital stocks,
for example concerning depreciation patterns. Given these concep-
tual differences, the numbers are rather close and suggest little differ-
ence between growth accounts from NSIs and from the EU KLEMS
database.

Publicly available growth accounting decompositions at the industry
level developed by the academic community are also sparse. Recently,
Eicher and Strobel (2009) released the Ifo Productivity Database that
provides productivity estimates for German industries using a growth
accounting methodology that is close in spirit to EU KLEMS. As shown
in Table 3.13, their estimate of market economy MFP is almost iden-
tical to the EU KLEMS estimate. For the USA, the dataset provided by
Jorgenson et al. (2005) is available for researchers and is also included
in the EU KLEMS database after matching the US industry classifica-
tion with the NACE classification used in EU KLEMS.33 One difference
is that the capital concept of Jorgenson et al. (2005) is broader than in
most other studies because of the fact that it includes inventories, land
and consumer durables. These assets are not included in the US data
provided in EU KLEMS.

33 This database is mainly based on SIC data and called usa-sic. EU KLEMS also
provides a usa-naics database; see the appendix to this chapter for a discussion
of the differences.
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3.9 Concluding remarks

This chapter reviewed both the growth accounting methodology and
the measurement methods employed in constructing the EU KLEMS
database. It is designed as a reference guide for understanding the
underpinnings of the analysis in the remainder of the book. It also
serves as a useful guide to users of the EU KLEMS data – the latter
should also consult the appendix to this chapter for specific guidance
on use and coverage of the database. Our discussion illustrates the
complexities involved in a measurement exercise of this type and in
turn illustrates the richness of the data. In particular, this database is
unique in its detail on labour and capital composition. It emphasises the
need to break these inputs down into their components in order to fully
comprehend sources of growth in international perspective. Although
the primary aim of the EU KLEMS database is to generate comparative
productivity trends, the data collected are also useful in a large number
of other contexts, as the EU KLEMS database provides many basic
input data series. These input series are derived independently from
the assumptions underlying the growth accounting method. They can
for example be used in studies of innovation, services outsourcing, skill
formation and skill premia and investment in ICT assets.34

This chapter identified a number of outstanding measurement issues
by reviewing both current practice and discussing potential alterna-
tives. Some of these issues are unavoidable since the database relies
heavily on National Accounts data and so need to await further devel-
opments in NSIs. In this respect, by collating various data sources
within and across countries, the EU KLEMS database is useful in indi-
cating priority areas for further improvement in basic series, including
volume measures of services output, capital formation matrices and,
more generally, consistency between output, labour and capital inputs
at the industry level. Other caveats suggest prudence by the users,
depending on the context in which the data are employed. As with
all data analysis, a judicious use of econometric methods and sensible
approaches to the use of the numbers should enable the database to be
useful in a wide range of applications.

34 See e.g. Kratena (2007), Jalava and Pohjola (2008) and Akkermans et al.
(2009).
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Appendix. The EU KLEMS database: contents
of the March 2008 version

In this appendix we describe the main features of the EU KLEMS
database and provide some health warnings for prudent use. Although
the primary aim of the EU KLEMS database is to generate compara-
tive productivity trends, it also provides many basic input data series.
These input series are derived independently from the assumptions
underlying the growth accounting method and might be useful also in
other contexts. They can, for example, be used in studies of energy
efficiency, services outsourcing, skill formation and skill premia and
investment in ICT assets.

The EU KLEMS database is a public resource available through the
Internet at www.euklems.net. Each year a new version is provided that
contains updates, revisions and extensions of the previous versions.
The first public release of the database was in March 2007. Most
results in this book are based on the second public release in March
2008, and this section provides a brief overview of the contents of
this version of the database. For up-to-date information on the latest
version, the reader is referred to the EU KLEMS website. The March
2008 version covers twenty-five European Union countries, as well as
Australia, Japan,35 South Korea and the United States. In general, data
for 1970–2005 are available for the ‘old’ EU-15 countries, while series
from 1995 onwards are available for the states which joined the EU
on 1 May 2004.

For the USA, two datasets are included in the database: the US SIC
and the US NAICS series. This reflects the availability of various alter-
native data sources for output, labour and capital input, mainly from
the Bureau of Economic Analysis (BEA) and Bureau of Labor Statistics
(BLS). Until recently, these datasets showed important differences in
some industries, even for relatively simple measures such as gross out-
put and value added at current prices. Triplett and Bosworth (2004)
and Jorgenson et al. (2005) provide a discussion of these differences
and their possible origins, but they conclude that many questions still
remain. In addition, the US statistical system switched from the SIC
to the NAICS industrial classification at the end of the 1990s, which
introduced breaks in the historical time-series. In EU KLEMS, the US

35 See Fukao et al. (2007) for more information on the Japanese data.
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NAICS series are benchmarked on the most recent NAICS-based indus-
try accounts from the BEA National Income and Production Accounts
(NIPA) for output, labour input and investment flows. Missing histor-
ical detail was filled by linking with older SIC-based series. The US SIC
database is derived from the data described in Jorgenson et al. (2005)
that start from the SIC series, mainly from the BLS, and are extrapo-
lated with NAICS-based series. In the near future, it is expected that
BEA and BLS series will be increasingly integrated because of closer
co-operation; and with the increasing availability of NAICS-based his-
torical series, the difference will eventually become minimal.

Data are also provided for four country groupings: EU-25, EU-15,
EU-10 and Euro. EU-25 includes all member states of the European
Union (EU) as of 1 May 2004, EU-15 includes all member states of the
EU as of 1 January 1995, EU-10 includes all states which joined the EU
on 1 May 2004 and Euro includes all countries in the euro-zone as of
1 January 2001. The database also provides an aggregation for those
countries for which there is long-run capital and labour composition
data. The group of countries within the EU-IS and Euro groups for
which this is possible are called EU-15ex and Euroex respectively. To
aggregate across countries use is made of purchasing power parities
(PPPs) that reflect differences in output price levels across countries at
a detailed industry level. This price adjustment is often done by means
of GDP PPPs that reflect the average expenditure prices in one country
relative to another and are widely available through the work of the
OECD and Eurostat. However, it is well recognised that the use of
GDP PPPs, which reflect expenditure prices of all goods and services
in the economy, can be misleading when used to convert industry-level
output (see the discussion in Chapter 6). In the March 2008 version
of the EU KLEMS database, use is made of PPPs that reflect relative
output prices at a detailed industry level for 1997.

Table 3A.1 provides an overview of all the series included in the
EU KLEMS database. The variables covered can be split into three
main groups: (1) labour productivity variables; (2) growth accounting
variables; and (3) additional labour and capital variables. The labour
productivity series contain all the data needed to construct labour
productivity (output per hour worked) and unit labour costs. These
series include nominal, volume and price series of output and employ-
ment. Most series are part of the present European System of Accounts
(ESA 1995) and can be found in the National Accounts of individual
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Table 3A.1. Variables in EU KLEMS database

(1) Labour productivity variables

Values
GO Gross output at current basic prices (in millions of local

currency)
II Intermediate inputs at current purchasers’ prices (in millions

of local currency)
VA Gross value added at current basic prices (in millions of

local currency)
COMP Compensation of employees (in millions of local currency)
GOS Gross operating surplus (in millions of local currency)
TXSP Taxes minus subsidies on production (in millions of local

currency)
EMP Number of persons engaged (thousands)
EMPE Number of employees (thousands)
H EMP Total hours worked by persons engaged (millions)
H EMPE Total hours worked by employees (millions)

Prices
GO P Gross output, price indices, 1995 = 100
II P Intermediate inputs, price indices, 1995 = 100
VA P Gross value added, price indices, 1995 = 100

Volumes
GO QI Gross output, volume indices, 1995 = 100
II QI Intermediate inputs, volume indices, 1995 = 100
VA QI Gross value added, volume indices, 1995 = 100
LP I Gross value added per hour worked, volume indices,

1995 = 100

(2) Growth accounting variables
LAB Labour compensation (in millions of local currency)
CAP Capital compensation (in millions of local currency)
LAB QI Labour services, volume indices, 1995 = 100
CAP QI Capital services, volume indices, 1995 = 100
IIE Intermediate energy inputs at current purchasers’ prices (in

millions of local currency)
IIM Intermediate material inputs at current purchasers’ prices

(in millions of local currency)
IIS Intermediate service inputs at current purchasers’ prices (in

millions of local currency)
(cont.)
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Table 3A.1. (cont.)

IIE QI Intermediate energy inputs, volume indices, 1995 = 100
IIM QI Intermediate material inputs, volume indices, 1995 = 100
IIS QI Intermediate service inputs, volume indices, 1995 = 100
VA Q Growth rate of value added volume (per cent per year)
VAConH Contribution of hours worked to value added growth

(percentage points)
VAConLC Contribution of labour composition change to value added

growth (percentage points)
VAConKIT Contribution of ICT capital services to output growth

(percentage points)
VAConKNIT Contribution of non-ICT capital services to output growth

(percentage points)
VAConTFP Contribution of TFP to value added growth (percentage

points)
TFPva I TFP (value-added based) growth, 1995 = 100
GO Q Growth rate of gross output volume (per cent per year)
GOConII Contribution of intermediate inputs to output growth

(percentage points)
GOConIIE Contribution of intermediate energy inputs to output

growth (percentage points)
GOConIIM Contribution of intermediate material inputs to output

growth (percentage points)
GOConIIS Contribution of intermediate services inputs to output

growth (percentage points)
GOConH Contribution of hours worked to output growth

(percentage points)
GOConLC Contribution of labour composition change to output

growth (percentage points)
GOConKIT Contribution of ICT capital services to output growth

(percentage points)
GOConKNIT Contribution of non-ICT capital services to output growth

(percentage points)
GOConTFP Contribution of TFP to output growth (percentage points)
TFPgo I TFP (gross-output based) growth, 1995 = 100

(3) Additional labour and capital variables
CAPIT ICT capital compensation (share in total capital

compensation)
CAPNIT Non-ICT capital compensation (share in total capital

compensation)
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Table 3A.1. (cont.)

CAPIT QI ICT capital services, volume indices, 1995 = 100
CAPNIT QI Non-ICT capital services, volume indices, 1995 = 100
CAPIT QPH ICT capital services per hour worked, 1995 reference
CAPNIT QPH Non-ICT capital services per hour worked, 1995 reference
LABHS High-skilled labour compensation (share in total labour

compensation)
LABMS Medium-skilled labour compensation (share in total labour

compensation)
LABLS Low-skilled labour compensation (share in total labour

compensation)
LAB QPH Labour services per hour worked, 1995 reference
H HS Hours worked by high-skilled persons engaged (share in

total hours)
H MS Hours worked by medium-skilled persons engaged (share in

total hours)
H LS Hours worked by low-skilled persons engaged (share in

total hours)
H M Hours worked by male persons engaged (share in total

hours)
H F Hours worked by female persons engaged (share in total

hours)
H 29 Hours worked by persons engaged aged 15–29 (share in

total hours)
H 49 Hours worked by persons engaged aged 30–49 (share in

total hours)
H 50+ Hours worked by persons engaged aged 50 and over (share

in total hours)

countries, at least for the most recent period. The main adjustments
to these series were to fill gaps in industry detail and to link series
over time, in particular in those cases where revisions were not taken
back to 1970 by the NSIs. The variables in the growth accounting
series are of an analytical nature and cannot be directly derived from
published National Accounts data without additional assumptions.
These include series of capital services, of labour services and of multi-
factor productivity. The construction of these series was based on the
theoretical model of production, requiring additional assumptions as
spelled out in section 3.2. Finally, additional series are given which
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have been used in generating the growth accounts and are informative
by themselves. These include, for example, various measures of the rel-
ative importance of ICT capital and non-ICT capital, and of the skilled
labour within the EU KLEMS classification. The basic labour and cap-
ital input series with detailed data by labour and capital type are also
publicly available at the EU KLEMS website, except for some countries
for which confidentiality had to be maintained. Growth accounts and
detailed labour and capital data are included for fourteen ‘old’ Euro-
pean Union countries (excluding Greece) and for the Czech Republic,
Hungary and Slovenia of the new member states; Australia; Japan;
South Korea and the United States. For all other countries only labour
productivity and its underlying data series are included. Table 3A.2
provides more details on the period coverage for each variable and
country.

At the lowest level of aggregation, data were collected for seventy-
one industries. The industries are classified according to the European
NACE revision 1 classification. But the level of detail varies across
countries, industries and variables on account of data limitations. In
order to ensure a minimal level of industry detail for which compar-
isons can be made across all countries, so-called minimum lists of
industries have been used. All national datasets have been constructed
in such a way that these minimum lists are met, but often more detailed
data are available. For output and employment, the minimum number
covered is sixty-two industries for the period from 1995, and forty-
eight industries pre-1995. Growth accounts are available for thirty-one
industries. These are listed in Table 3A.3. The EU KLEMS database
provides data at a detailed industry level, but also provides higher-
level aggregates, such as the total economy, the market economy, total
market services and total goods production for all variables. Indus-
try aggregations over nominal values and hours worked are made
simply by summing. All aggregations of output and input volumes
across industries use the Törnqvist quantity index. This is akin to
the ‘direct aggregation across industries’ approach as developed by
Jorgenson, Gollop and Fraumeni (1987, chap. 2). This approach is
based on the assumption that value-added functions exist for each
industry, but does not impose cross-industry restrictions on either
value-added or inputs. This approach allows us to explicitly trace
the source of aggregate growth to the underlying industry sources



Table 3A.2. Country, period and variable coverage in EU KLEMS database, March 2008

Growth accounting variables

Country and regions Abbreviation

Labour
productivity
variables MFP

Labour
composition

Capital
composition

Intermediate
input
composition

Australia aus 1970 1982 1982 1970 -
Austria aut 1970 1980 1980 1976 1970
Belgium bel 1970 1980 1980 1970 1980
Cyprus cyp 1995 – – – –
Czech Republic cze 1995 1995 1995 1995 1995
Denmark dnk 1970 1980 1980 1970 1970
Estonia est 1995 – – – –
Finland fin 1970 1970 1970 1970 1970
France fra 1970 1980 1980 1970 1978
Germany ger 1970 1970 1970 1970 1978
Greece grc 1970 – 1992 – 1995
Hungary hun 1992 1995 1995 1995 1995
Ireland irl 1970 1995 1988 1970
Italy ita 1970 1970 1970 1970 1970
Japan jpn 1973 1973 1973 1970 1973
Latvia lva 1995 – – – –
Lithuania ltu 1995 – – – –
Luxembourg lux 1970 1992 1992 1970 1995
Malta mlt 1995 – – – –
Netherlands nld 1970 1979 1979 1970 1987
Poland pol 1995 – 1995 – 1995
Portugal prt 1970 1995 1992 1970 1977
Slovak Republic svk 1995 – 1995 – 1995
Slovenia svn 1995 1995 1995 1995 1995
South Korea kor 1970 1977 1970 1977 1970
Spain esp 1970 1980 1980 1970 1980
Sweden swe 1970 1993 1981 1993 1993
United Kingdom uk 1970 1970 1970 1970 1970
United States (NAICS-based) usa-naics 1977 1977 – 1970 –
United States (SIC-based) usa-sic 1970 1970 1970 1970 1970
West Germany dew 1970 1970 1970 1970 1978
EU-25 EU-25 1995 – – – –
EU-15 EU-15 1970 – – – –
EU-10 EU-10 1995 – – – –
EU-15ex EU-15ex 1970 1980 1980 1980 1980
Euro-zone Euro 1970 – – – –
Euro-zone ex Euro-ex 1970 1980 1980 1980 1980

Notes: This table indicates for each country and variable the first year for which data is available in the EU KLEMS database, March 2008.
‘–’ indicates not available. See Table 3A.1 for sets of labour productivity and growth accounting variables.
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Table 3A.3. Industry list for growth accounting variables

Description
EU KLEMS
code

TOTAL INDUSTRIES TOT
Market economy Markt

Electrical machinery, post and communication services Elecom
Electrical and optical equipment 30–33
Post and telecommunications 64

Goods producing, excluding electrical machinery Goods
Total manufacturing, excluding electrical MexElec

Consumer manufacturing Mcons
Food products, beverages and tobacco 15–16
Textiles, textile products, leather and footwear 17–19
Manufacturing n.e.c.; recycling 36–37

Intermediate manufacturing Minter
Wood and products of wood and cork 20
Pulp, paper, paper products, printing and

publishing
21–22

Coke, refined petroleum products and nuclear fuel 23
Chemicals and chemical products 24
Rubber and plastics products 25
Other non-metallic mineral products 26
Basic metals and fabricated metal products 27–28

Investment goods, excluding high-tech Minves
Machinery, n.e.c. 29
Transport equipment 34–35

Other goods production OtherG
Mining and quarrying C
Electricity, gas and water supply E
Construction F
Agriculture, hunting, forestry and fishing A–B

Market services, excluding post and telecommunications Mserv
Distribution Distr

Trade 50–52
Sale and repair of motor vehicles and motorcycles;

retail sale of fuel
50

Wholesale trade and commission trade, except of
vehicles

51

Retail trade, except of vehicles; repair of household
goods

52

(cont.)
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Table 3A.3. (cont.)

Description
EU KLEMS
code

Transport and storage 60–63
Finance and business, except real estate Finbu

Financial intermediation J
Renting of m&eq and other business activities 71–74

Personal services Pers
Hotels and restaurants H
Other community, social and personal services O
Private households with employed persons P

Non-market services Nonmar
Public admin., education and health L–N

Public admin. and defence; compulsory social security L
Education M
Health and social work N

Real estate activities 70

Notes: EU KLEMS code based on NACE rev. 1 industrial classification.

and is used in Chapter 4 to trace the industry origins of aggregate
growth.36

Some general remarks on usage of EU KLEMS data are warranted.
The data are suitable for both growth accounting and econometric
exercises but the issues touched on in chapters 3 and 6 caution that
the user should be aware of their limitations. As with all data series
there are some unresolved measurement issues. As a general rule the
reliability of the data is likely to be lower the finer the industry detail,
i.e. the more we move from the industry level identified in the published
National Accounts, and is often lower for services industries than for
manufacturing. This is because to break down the National Accounts
series, we often had to rely on additional data sources, which are more
abundant and complete for manufacturing than for services. To this
could be added that the further back in time the series, the greater
the likelihood of error. Thus whereas growth accounting exercises

36 See Jorgenson et al. (2005, chap. 8) for an elaborate discussion.



EU KLEMS database 117

that quantify the contribution of ICT to output growth in transport
equipment manufacturing over the period 1995 to 2005 might be
reasonable, a precise number for the change of energy input use in
business services between 1970 and 1971 might not be. These issues
may be less important in econometric analysis with judicious use of
methods.

Below we discuss some other practical measurement issues on a
variable-by-variable basis. At the same time, it must be stressed that the
limitations of the EU KLEMS series vary widely by country, period and
variable and prudent users of the data should familiarise themselves
with the methods of construction as discussed on a country-by-country
basis in Timmer, van Moergastel, Stuivenwold et al. (2007). As dis-
cussed in Chapter 3, there remain issues in measuring market services
output, in particular in finance and business services, and these prob-
lems are very severe for non-market services. Therefore the user should
be wary of drawing strong conclusions. The data cannot be used as evi-
dence that, say, health services in one country are more efficient or bet-
ter than in another country in some overall sense. In addition, since the
output of the real estate sector (NACE 70) includes imputed rent
on owner-occupied dwellings, productivity measures for this indus-
try need to be interpreted with care. Given the measurement problems
in regard to non-market sector and real estate, users might want to
restrict attention to the market economy numbers in EU KLEMS,
which exclude public administration, education, health and social
services and real estate. However, the choice of which data to use
will depend on the research questions being asked. For example, EU
KLEMS data may well be useful in considering the use of ICT or skilled
labour in the health sector across countries.

For an analysis of the use of intermediate inputs in production it
is important to note that estimates prior to 1995 in EU KLEMS are
sometimes based on historical input-output tables which were not inte-
grated with the National Accounts and which were only available
for benchmark years, necessitating interpolation and on occasion the
assumption that EMS shares are constant over time or across a sub-set
of industries.

With respect to the labour input data, it is important to note that
the level of independent industry detail is much lower for labour com-
position than for other variables, as dictated by the survey samples. In
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many cases the detail is restricted to fifteen industries, largely one-digit
sectors but with manufacturing divided into three groups. The fifteen
groups are the following (NACE 1 codes): A–B; C & E; 15–19 and 36–
37; 20–28; 29–35; F; 50–55; 60–63; 64; J; 70–74; L; M; N; and finally
O & P. As growth accounts are provided at a more detailed industry
level, there is an implicit assumption that hours and wage shares in
sub-industries are equal to those for aggregate industries. Researchers
estimating labour demand equations should be aware that an attempt
to do so at too fine an industry level would just reproduce this assump-
tion. In addition, it should be noted that much of the information on
self-employed workers is not based on survey data but imputed from
employees, as the self-employed are often not (sufficiently) covered in
labour force surveys. Similarly, for most countries, labour-type char-
acteristics are only available for the number of employees, rather than
hours worked, with the implicit assumption that hours do not vary by
characteristic. While employment and earnings are consistently mea-
sured so that growth accounting and wage share equations are not
affected, this would affect, say, an analysis of female participation
rates, as women typically work (much) less hours than men. In addi-
tion, labour composition measures tend to be somewhat volatile over
time since the underlying surveys are not designed to generate time-
series. For some uses, period averages might be preferred to a focus
on year-on-year changes. Table 3A.4 provides for each country, the
definition of high-, medium- and low-skilled workers. Table 3A.5 out-
lines for each country the sources used for the data on wages and
employment by type.

Industry-level estimates of capital input require detailed asset-by-
industry investment matrices. Within EU KLEMS, various assump-
tions have been used to generate the capital-flow matrix, in particular
for the breakdown of computing equipment (IT) and communications
equipment (CT) by industry. In most cases, European Union countries
provide estimates of software by industry for recent years, although the
extent of backdating and industry coverage varies. In some cases it was
necessary to use assumptions about the hardware–software ratios from
other countries, so that IT and CT could be distributed across indus-
tries. Hence there is greater likelihood of error and non-comparability
in these series than for other assets, especially in earlier periods.
Table 3A.6 provides additional detail on a country-by-country basis.
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Table 3A.5. Sources used for employment and wages by type

Source used for division of
employment by type

Source used for division of
labour compensation by type

Austria Microcensus data for the
period 1980–2003 and
individual Census of
Population data for the
years 1991 and 2001.

Microcensus data for 1997.
Time-series are drawn from
the wage and salary
statistics.

Belgium Unpublished social security
data for the period
1997–2004; published
Ministry of Labour data
and LFS data used before
1997.

Unpublished social security
data for split by gender and
age class. Micro-data from
Structure of Earnings Survey
and LFS for distribution by
skill level.

Czech
Republic

Eurostat Labour Force
Survey data, 2nd quarter
of each year.

Structural Earnings Survey.

Denmark Administrative data for the
period 1980–2003.

Administrative data for the
period 1980–2003.

Finland Data from Statistics Finland’s
longitudinal census.

Data from Statistics Finland’s
longitudinal census.

France Labour force surveys:
1982–9, 1990–2002,
2003, 2004.

Labour force surveys: 1982–9,
1990–2002, 2003, 2004.

Germany Income survey, social
security data and the
Socio-Economic Panel
Study, supplemented with
micro-data.

Income survey, social security
data and the
Socio-Economic Panel
Study, supplemented with
micro-data.

Hungary Eurostat Labour Force
Survey data, 2nd quarter
of each year.

Structural Earnings Survey.

Italy Census of Population of
1971, 1981, 1991 and
2001.

Micro-data of the Bank of
Italy surveys on household
income, 1977–2004.

Japan Monthly Labour Survey,
supplemented with General
Survey on Working
Conditions, Basic Survey
on Wage Structure and
Employment Status Survey.

Monthly Labour Survey,
supplemented with General
Survey on Working
Conditions, Basic Survey on
Wage Structure and
Employment Status Survey.
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Table 3A.5. (cont.)

Source used for division of
employment by type

Source used for division of
labour compensation by type

Netherlands System of Labour Accounts,
Labour Force Sample
Survey (LFSS) and Labour
Force Survey (LFS).

Micro-data for the years 1979,
1985, 1989, 1996, 1997
and 2002 from Wage
Structure Inquiry; for
1992–2002 from the
Inquiry of Work Conditions
of the Ministry of Social
Affairs and Employment.

Poland Eurostat Labour Force
Survey data, 2nd quarter
of each year.

Structural Earnings Survey.

Slovak
Republic

Eurostat Labour Force
Survey data, 2nd quarter
of each year.

Structural Earnings Survey.

Slovenia Eurostat Labour Force
Survey data, 2nd quarter
of each year.

Structural Earnings Survey.

Spain Labour Force Survey. Wage Structure Survey.
Sweden Statistics Sweden,

employment at A60 level
with breakdowns for age,
gender and skill levels for
the period 1993–2004.

Statistics Sweden, income
levels for employment
breakdowns.

United
Kingdom

Labour Force Survey
1979–2004 and General
Household Survey
1974–80.

Labour Force Survey
1993–2004 and General
Household Survey
1972–1993/4.

United States Census of Population; the
Current Population Survey.

Census of Population; the
Current Population Survey.

West
Germany

Social security data and the
German socio-economic
panel, supplemented with
information on
employment by gender and
occupation from the
Statistiches Jahrbuch.
Combined data with ILO
occupation data.

Social security data and the
German socio-economic
panel, supplemented with
information on employment
by gender and occupation
from the Statistiches
Jahrbuch. Combined data
with ILO occupation data.



Table 3A.6. Sources used for capital stock estimation

Benchmark stock
year IT and CT investment ICT deflator Remarks

Austria 1976 net stock. Before 1994 using US BEA asset
proportions.

Harmonised BEA
for IT/CT.

Belgium GFCF back to 1853. Before 1995, asset shares
constant.

Harmonised BEA
for IT/CT.

Software before 1994 based on
1995 industry shares.

Czech Republic 1995 net stock. Estimated on rough GFCF. Harmonised BEA
for IT.

Denmark 1970 net stock. Available from National
Accounts.

Harmonised BEA
for IT.

Finland 1970 stock broken
down using GFCF.

Using US BEA asset proportions. Harmonised BEA
for IT/CT.

France GFCF back to 1846. Available from National
Accounts.

National.

Germany 1991 net stock. IT/CT based on survey. National.
Hungary 2000 net stock. Based on National Accounts

stock estimates.
Harmonised BEA

for IT.
CT ratio based on other

countries.
Italy 1952 stock. Available from National

Accounts.
Harmonised BEA

for IT.
Industries 50–2/K/60–4

estimated by higher aggregates.
Japan 1955 wealth stock. Available from IO-tables,

intrapolated in between.
National.

Netherlands 1952 net stock. CT estimated. National.

Slovenia 1999 gross stock. Available from National
Accounts.

National. Before 1999, industry investment
shares used.

Spain 1964 stock. CT and software estimated by
commodity flow.

Harmonised BEA
for IT/CT.

Industries 50–2/K/60–4
estimated by higher aggregates.

Sweden 1993 net stock. Available from National
Accounts.

National.

United Kingdom 1948 stock. IT/CT based on survey. National. Industries 50–2/K/60–4
estimated by higher aggregates
in earlier years.

United States
NAICS

GFCF start in 1901. Available from National
Accounts.

National.

United States
SIC

GFCF start in 1901. Available from National
Accounts.

National. After 2000, growth rates based
on NAICS.

West Germany 1970 net stock. Estimated based on survey. National.

Source: Based on situation in March 2007 release. See document ‘Sources of the March 2007 Release’ on www.euklems.net for detailed
descriptions of methodologies used (Timmer, van Moergastel, Stuivenwold et al. (2007).



Table 3A.7. Total economy shares and industry characteristics, twenty-six industries, EU, 1980 and 2005

Shares in total economy (per cent) Shares in industry value added (per cent)

Value added Hours worked

Industry
EU KLEMS
code 1980 2005 1980 2005

Labour
compensation
2005

High-skilled
compensation
2005

ICT-capital
compensation
2005

Agriculture AtB 3.6 1.3 9.9 4.1 82.8 5.7 0.1
Mining C 1.8 0.6 0.9 0.2 25.7 4.8 1.4
Food and beverages 15t16 2.2 1.8 2.9 2.2 68.2 6.7 2.6
Textiles and footwear 17t19 2.4 0.8 3.4 1.1 79.8 5.6 2.1
Wood products 20 0.5 0.3 0.8 0.5 77.7 10.9 1.8
Paper, print and publ. 21t22 1.6 1.4 1.9 1.3 67.7 11.5 4.6
Petroleum ref. 23 0.5 0.3 0.2 0.1 39.5 7.5 5.5
Chemicals 24 2.1 1.8 1.5 0.9 56.6 10.0 3.6
Rubber and plastics 25 1.0 0.9 0.9 0.8 71.1 10.6 2.6
Non-metallic mineral 26 1.3 0.7 1.3 0.7 68.1 9.9 2.2
Metal 27t28 3.8 2.7 3.8 2.5 72.9 9.7 1.8
Other machinery 29 2.7 2.2 2.9 1.8 75.2 10.3 3.1
Electrical equipment 30t33 2.6 1.9 2.8 1.7 74.6 15.9 5.7
Transport equipment 34t35 2.1 1.9 2.4 1.5 76.6 15.8 3.1
Other manufacturing 36t37 0.9 0.9 1.3 0.9 77.9 8.6 2.6
Utilities E 2.2 2.1 0.9 0.6 31.0 6.1 3.8

Construction F 7.3 6.2 8.6 8.0 76.0 6.1 1.2
Automotive trade 50 2.3 1.7 2.4 2.4 76.8 8.8 2.6
Wholesale trade 51 3.7 3.9 4.5 4.7 67.7 7.2 4.8
Retail trade 52 4.2 4.4 8.1 8.1 83.6 8.5 2.0
Hotels and rest. H 1.7 2.4 3.4 5.1 78.6 7.5 1.1
Transport 60t63 5.3 5.2 4.8 5.0 70.9 6.7 5.2
Post and telecomms 64 2.4 2.7 1.6 1.4 51.5 8.8 16.6
Finance J 4.7 6.1 2.7 3.0 56.6 17.5 11.4
Real estate activities 70 8.0 10.7 0.5 1.1 6.8 2.4 0.7
Business services 71t74 5.6 11.6 4.6 12.6 72.3 28.4 6.6
Public administration L 9.1 6.8 7.0 6.6 82.3 22.0 2.4
Education M 6.3 6.3 4.3 5.4 93.8 56.4 1.2
Health and social work N 5.1 6.5 5.9 8.9 83.2 23.9 1.7
Other services O 2.7 3.7 2.9 4.8 74.0 17.8 2.9
Private households P 0.3 0.4 1.0 2.0 100.0 15.9 0.0

Total economy 100.0 100.0 100.0 100.0 66.2 16.0 3.8

Data refer to a set of ten EU countries (EU 15ex). Source: EU KLEMS database, March 2008.
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This appendix describes the March 2008 release of the EU KLEMS
database. The database will be revised and updated each year and
gradually expanded in terms of country coverage. In the near future,
extensions are planned to include other major countries in the world
economy such as Brazil, China, India, Indonesia, Mexico, Russia and
Turkey (see www.worldklems.net).

While the EU KLEMS data can provide descriptive analysis of
growth and its contributors as in this book, potentially its greatest ben-
efit will be in future research where it is linked to additional databases.
To explain differences in productivity growth, additional informa-
tion on innovation inputs and outputs will be needed. Castaldi and
Los (2009) provide data on patents and R&D stocks that match the
EU KLEMS definitions and are available from the EU KLEMS web-
site. Investment in intangibles, such as innovative property through
research and development and firm-specific economic competences
such as organisational capital and brand equity, has become increas-
ingly important for growth, and preliminary evidence will be discussed
in Chapter 7. Another promising avenue for further research is in the
linking of firm-level based variables that might affect industry produc-
tivity trends – some preliminary data on concentration and average age
of firms derived from aggregating company-based information is now
available on the EU KLEMS website. For studies of outsourcing and
international trade, further integration of trade statistics is needed,
and a particularly challenging extension would be the inclusion of
environmental pollution indicators. These types of data are part of the
World Input-Output Database (WIOD) that will be available in the
near future (at www.wiod.net) and will be closely linked to the EU
KLEMS database. This database can be instrumental in studying the
relationships between economic growth, socio-economic development
and environmental quality within an international framework.



4 Structural change

4.1 Introduction

In Chapter 2 we analysed the differences in growth performance
between the European Union and the USA. While many idiosyncrasies
in the growth patterns can be observed, there are also common long-
term trends in the structure of the economy. The purpose of this chap-
ter is to look for similarities, rather than for differences, in the process
of structural change in the two regions.1 This will be done by build-
ing upon the seminal work of Simon Kuznets and Angus Maddison.
More than twenty-five years ago, these two economists established
a number of empirical regularities in the structural transformation
of advanced economies since the Second World War (Kuznets 1971;
Maddison 1980). The best-known facts are the shifts of output and
labour from agriculture to industry and later from industry to ser-
vices. In addition, the services sector is characterised by limited scope
for innovation and technical change with productivity growth rates
that are much lower than in industry and agriculture.2 The Kuznets–
Maddison stylised patterns of growth have been a crucial ingredient
in much work on economic growth, development economics, interna-
tional trade, business cycles and labour markets. For example, sectoral
differences in productivity are an important cornerstone in models of
real exchange rates (Obstfeld and Rogoff 1996). They also underpin
the hypothesis of the cost disease of the services sector described by
Baumol (1967) and motivate the recent surge in multi-sector endoge-
nous growth models, e.g. Ngai and Pissarides (2007) and Restuccia
et al. (2008).

1 This chapter relies heavily on a study by Jorgenson and Timmer (2009). This
study also considers developments in Japan.

2 See Krüger (2008) for a recent survey. Kuznets and Maddison focused mainly
on advanced countries. Chenery et al. (1986) provide the seminal study of
sectoral change in developing countries.
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In this chapter we examine whether the stylised facts put forward by
Kuznets and Maddison more than twenty-five years ago are still accu-
rate descriptions of structural change in the EU and USA since 1980.
Given the fact that the agricultural sector has become relatively small,
our main focus will be on the developments in industry and services.
In particular, we will look at the increasing share of services in output
and employment at the expense of industry and at comparative pro-
ductivity growth in industry and services. In addition, we will study
changes in the structure of production technologies. Recent evidence
suggests that technical change has favoured particular inputs of pro-
duction and affected the production structures in a rather asymmetric
way. In particular, the last two decades have been characterised by a
growing importance of skilled labour and information and communi-
cations technology (ICT) assets.3 Much of this work has been based
on aggregate trends or manufacturing industries only. For the USA,
Jorgenson et al. (2005) found that non-manufacturing industries are
also heavy users of these so-called ‘knowledge-based’ inputs. We will
search for common sectoral patterns in the use of skills and ICT capital
across the EU and USA.

In our analysis we rely on the EU KLEMS database that was
described in Chapter 3. This database provides comparable output
and input statistics since the 1970s at a detailed industry level. Impor-
tantly, it contains new, more sophisticated measures of labour, capital
and intermediate inputs that facilitate tracking of sectoral trends in
both labour and multi-factor productivity.4 The EU KLEMS database
also allows us to greatly broaden the analysis of structural develop-
ment by incorporating changes in the use of factor inputs in the pro-
duction process. When considering sectoral developments in Europe,
it is important to aggregate across European countries. Specialisation
may generate differences in country patterns as relatively small coun-
tries freely trade with each other. Therefore, we study developments
in the European Union as a whole, rather than in individual Euro-
pean countries as in Kuznets (1971) and Maddison (1980). The data

3 For example, Autor et al. (1998), Machin and van Reenen (1998) and
Jorgenson and Vu (2005).

4 For historical analysis back to 1950 and an extension to non-OECD countries,
see the GGDC Ten-sector database at www.ggdc.nl. This database provides
output and employment for major sectors for Europe, Asia and Latin America
(Timmer and de Vries 2009).
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for the European Union used in this chapter refer to the following ten
European countries for which long-term sectoral capital data are avail-
able: Austria, Belgium, Denmark, Finland, France, Germany, Italy, the
Netherlands, Spain and the United Kingdom.5

Traditionally, the main distinction in sectoral studies is among agri-
culture, industry and services. However, in the past decades the impor-
tance of agriculture has rapidly declined while services have become
by far the largest sector in advanced economies. Therefore a more
detailed view of the services sector is essential and we will look at
four of these services industries separately. In addition, we study the
development of the ICT-goods producing sector which has played an
important role in recent economic growth. In all, the economy is sub-
divided into seven sectors: ICT production; manufacturing exclud-
ing ICT production; other goods production (including agriculture,
construction and utilities); distribution services; finance and business
services; personal services; and non-market services (including public
administration, education, health and real estate).6 Table 4.1 provides
the precise composition of each group in terms of the NACE rev. 1
industry classification scheme.

At the most general level we largely confirm the trends identified
by Kuznets and Maddison, finding a continuing shift of employment
and output from industry to services. Also, productivity growth in
goods production is still higher than in services. But we argue that the
distinction between goods and services has become obsolete and that
this is not only because services now typically employ about three-
quarters of the labour force. A more detailed industry analysis reveals
very substantial heterogeneity within the services sector. Finance and
business services have become highly skill- and ICT-intensive, but with
little multi-factor productivity growth and steadily increasing prices.
On the other hand, distribution services have become a major engine

5 This group of countries is called EU15ex in the EU KLEMS database.
6 In EU KLEMS, as elsewhere, we refer to these sectors as ‘non-market services’,

recognising that some output of these sectors is provided by the private sector
and the extent of this varies across countries. Non-market services should not
be confounded with household production or home services. We rely on data
collected within the System of National Accounts that exclude household
activities by design. Real estate is grouped with non-market services as, for the
most part, the output of the real estate sector is imputed rent on
owner-occupied dwellings. Input in this sector consists mainly of residential
buildings, and meaningful productivity estimates cannot be made.
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Table 4.1. Description of sectors

Description Abbreviation NACE rev. 1 code

ICT production (incl. electrical
machinery manufacturing and post
and communication services)

ELECOM 30–33 and 64

Manufacturing (excl. electrical
machinery)

MexElec 15–29 and 34–37

Other production (incl. agriculture,
mining, utilities and construction)

OtherG A–C and E–F

Distribution (incl. trade and
transportation)

DISTR 50–52 and 60–63

Finance and business services (excl.
real estate)

FINBU J and 71–74

Personal services (incl. hotels,
restaurants and community, social
and personal services)

PERS H, O and P

Non-market services (incl. public
administration, education, health
and real estate)

NONMAR 70 and L–N

Source: Table 3A.3.

of productivity growth alongside manufacturing. The characterisation
of services as stagnant in terms of productivity and input structures is
no longer true. The remainder of the chapter is organised as follows.
Section 4.2 is devoted to changes in sectoral output and employment
shares. In section 4.3 we discuss trends in labour and multi-factor
productivity. Section 4.4 studies patterns in the use of various types of
labour and capital inputs, in particular, skilled labour and ICT capital.
Section 4.5 concludes the chapter.

4.2 Trends in output and employment

The shift from agriculture to industry featured prominently in the
earlier literature on modern growth and is still an important charac-
teristic of growth in developing countries (Temple 2005). Currently,
however, agriculture typically employs 6 per cent or less of the labour
force in the EU and the USA. Instead the shift from industry to services
has dominated the process of structural change since the 1970s. In
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Figure 4.1. Ratio of services and goods production, EU and USA, 1980–2005.
Ratio of variable in services (market and non-market) over goods production.
VA denotes value added and H denotes hours worked. (Source: See Table 4.2.)

Figure 4.1 we show the ratio of value added in services (including
market and non-market services) to goods production over the period
from 1980 to 2005. In both the EU and the USA, the importance
of services has steadily increased. A similar trend is found for hours
worked (Figure 4.1). This confirms the first Kuznets–Maddison fact.
At the same time, the figure makes clear that services have become a
very sizeable sector. In 2005, they had at least double the output and
employment of goods production in the EU and more than triple in
the USA.

The growing importance of market services is the result of a number
of interacting demand forces (Schettkat and Yokarini 2006). Higher
per capita income leads to higher demand for services. There is also
an increasing marketisation of traditional household production activ-
ities, including services like dining outside the home, cleaning and care
assistance. Finally, many manufacturing firms are outsourcing aspects
of business services, trade and transport activities. Ngai and Pissarides
(2007) provide a model that stresses the importance of differences in
technology across sectors, rather than non-homothetic tastes, as the
driving force of structural change. Whatever the underlying causes
of structural change, it has important implications for productivity
growth and sectoral shares in GDP. Given lower productivity in ser-
vices than in manufacturing Baumol predicted that service activities
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Table 4.2. Gross value added by sector as a percentage of GDP

EU USA

1980 2005 1980 2005

Total 100.0 100.0 100.0 100.0
ICT production 4.9 4.6 6.1 4.7
Goods 36.1 25.9 31.5 22.0

Manufacturing 21.1 15.7 19.2 12.0
Other goods 14.9 10.2 12.4 10.1

Services 59.0 69.5 62.4 73.3
Market services 30.6 39.3 32.9 40.2

Distribution 15.6 15.1 16.9 14.5
Finance & business 10.3 17.7 11.2 19.5
Personal 4.7 6.5 4.8 6.3

Non-market services 28.4 30.2 29.5 33.1

Note: For sector definitions, see Table 4.1.
Source: Calculations based on EU KLEMS Database, March 2008; see Chapter 3.

would capture an ever-larger share of inputs and that prices of services
would continue to grow faster than prices of goods. He called this the
‘cost disease of the service sector’.

Table 4.2 presents value added as a percentage of GDP for our seven
sectors in 1980 and 2005 for each region; similarly shares of hours
worked are shown in Table 4.3. This more detailed view reveals strik-
ing differences among the four service industries. In 1980 non-market
services already had the highest shares in output and employment
in both regions and these increased slowly through 2005, taking up
around 30 per cent of value added, with lower shares in employment.
Personal services also increased their shares in the overall economy,
accounting for 6–8 per cent of GDP. Their share in employment is
about double at 11–15 per cent of hours worked, indicating low levels
of productivity in personal services compared to other industries. The
biggest increase in shares is in finance and business services, doubling
their employment shares to over 12 per cent in the EU and 17 per cent
in the USA, and even higher shares in GDP. By contrast to these three
services industries, shares of the distribution sector remained constant
or slightly declined. In 2005, this sector accounted for around 15 per
cent of value added and 20 per cent of employment.
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Table 4.3. Hours worked by sector as a percentage of total hours
worked

EU USA

1980 2005 1980 2005

Total 100.0 100.0 100.0 100.0
ICT production 4.4 3.1 5.1 3.3
Goods 43.5 27.3 29.4 20.8

Manufacturing 23.2 14.4 18.8 10.9
Other goods 20.2 12.9 10.6 9.9

Services 52.1 69.6 65.4 75.9
Market services 34.4 47.7 40.3 47.3

Distribution 19.7 20.2 20.4 19.3
Finance & business 7.3 15.6 10.5 16.8
Personal 7.3 11.9 9.4 11.2

Non-market services 17.7 21.9 25.2 28.7

Note and source: See Table 4.2.

The increase in the shares of most services came at the expense
of traditional goods production. Shares of manufacturing and other
goods production declined rapidly in all regions. In 2005, other goods
accounted only for about 10 per cent of GDP, while manufacturing
accounted for 12 per cent in the USA and 15 per cent in the EU.
Decreases in employment were equally strong. We have also singled
out the ICT-producing sector. As we will show later, ICT has become
an important driver of productivity growth in recent decades. The
production of ICT goods and services makes up only a minor part of
GDP and this share has been declining slightly in the EU and the USA.
The decline is particular strong in hours worked, accounting for 4 per
cent or less in 2005 in both regions.

The shares of the various sectors across the regions display a remark-
able similarity in 2005. The major surprising difference is to be found
in the employment share of non-market services, which is much higher
in the USA than in the EU, reflecting the well-known higher expendi-
ture on healthcare in the USA and its population’s higher participation
rate in tertiary education. In fact, the gap in the employment share
of services between the EU and the USA has often been highlighted
as an ‘anomaly’ (Pissarides 2007; Rogerson 2008). Explanations for
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this anomaly should focus on the non-market services sector, rather
than the market services sector. By 2005, transatlantic differences in
services employment were mainly to be found in industries like health
and education.

4.3 Trends in productivity

One of the empirical regularities documented by Kuznets and Maddi-
son is the slow growth of labour productivity in services compared to
industry. Traditionally, manufacturing activities have been regarded
as the locus of innovation and technological change and thus the cen-
tral source of economic growth. This was the key to post-World War
II growth in Europe through realisation of economies of scale, cap-
ital intensification and incremental innovation (Crafts and Toniolo
1996). More recently, rapid technological change in computer and
semi-conductor manufacturing seemingly reinforced the predominance
of innovation in the manufacturing sector. By contrast, productivity
growth in services was assumed to be low or even zero. Baumol’s cost
disease suggests that productivity improvements in services are less
likely than in goods-producing industries because most services are
inherently labour-intensive, making it difficult to substitute capital for
labour in service industries. Although Baumol (1967) originally mainly
referred to services activities like education, health and public services
and made a careful distinction between progressive and stagnant indus-
tries, it was widely believed to hold for all services industries. Related
to this, but in an international context, sectoral productivity differ-
ences in growth are assumed to drive cross-country differences in price
levels. The famous Harrod–Balassa–Samuelson hypothesis states that
because of productivity differentials between traded and non-traded
sectors, there is a tendency for countries with higher productivity in
tradables compared to non-tradables to have higher price levels.7

In a seminal study, Triplett and Bosworth (2006) show that after
1995 fifteen out of twenty-two two-digit services industries in the USA
experienced acceleration in labour productivity that at least equalled
the economy-wide average. Hence the authors titled their study ‘Bau-
mol’s Disease has been Cured’. In this chapter we will look for similar
patterns in Europe and study sectoral trends in productivity since 1980.

7 See, for example, Obstfeld and Rogoff (1996), pp. 210–11.
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The EU KLEMS database provides the opportunity to examine trends
in both labour and multi-factor productivity (MFP). Multi-factor pro-
ductivity provides a measure of the efficiency of labour and other
inputs and is often used as an indicator of technological change. The
hypotheses of Baumol and Harrod–Balassa–Samuelson hinge crucially
on sectoral differences in multi-factor productivity, but because of a
lack of data they have often been tested by looking at labour pro-
ductivity. In our analysis of productivity we exclude the non-market
services industries, as productivity growth in these industries is not
well measured in the National Accounts. Typically, growth of real
output is proxied by the growth of inputs, such as number of employ-
ees, often with an arbitrary productivity adjustment. Recently, there
has been a move within the statistical community to employ output
quantity indicators to measure volumes of output. Until this process is
more advanced, productivity measures for non-market services should
therefore be interpreted with care, if at all (see also the discussion in
Chapter 3 and Chapter 7).8

Industries are highly diverse in terms of their productivity perfor-
mance, as shown in Table 4.4 and Figure 4.2. Table 4.4 provides
average annual growth rates for the period 1980–2005 and Figure 4.2
presents trends with 1980 indexed to 100. By far the fastest growth
in labour productivity is found in ICT production, with annual aver-
age growth rates of 3 per cent in the EU and more than 5 per cent
in the USA. The trend for this sector is not shown in Figure 4.2 as it
would dwarf all other curves. The second fastest growing sector in the
USA has been distribution services, which has more than doubled its
labour productivity level since 1980. In fact, growth in this sector has
been higher than in manufacturing. On the other hand, labour produc-
tivity growth in other services industries has been very low. Finance
and business services and personal services rank at the bottom in both
regions during the entire period.

The wide range in sectoral labour productivity growth is surpris-
ing. With common Cobb–Douglas technologies and assuming that
labour is homogeneous, can move freely across sectors and is paid its
marginal product, labour productivity should grow at a similar rate

8 See, for example, commentary by Lengellé (1980) on Maddison for an early
statement of this problem, and Atkinson (2005) for a recent extensive
discussion.



138 Economic Growth in Europe

Table 4.4. Labour and multi-factor productivity growth, 1980–2005

Labour
productivity

Multi-factor
productivity

EU USA EU USA

Total 1.9 1.7 0.6 0.4
ICT production 5.5 7.5 3.2 5.0
Goods 2.7 1.8 1.2 0.7

Manufacturing 2.7 2.4 1.3 1.0
Other goods 2.7 0.9 1.1 0.4

Services 1.2 1.4 0.1 −0.1
Market services 1.3 2.1 0.0 0.5

Distribution 2.2 3.2 1.1 2.2
Finance & business 0.3 0.9 −0.9 −1.4
Personal −0.4 1.2 −1.0 0.7

Non-market services 1.0 0.1 0.3 −0.8

Notes: Average annual compound growth rates. For sector definitions, see Table 4.1.
Source: See Table 4.2.

in all sectors (Temple 2005). This suggests that sectors differ sub-
stantially in their production technologies: elasticities of substitution
between labour and capital may not be unity (as in the Cobb–Douglas
case) and/or rates of technical change might differ across sectors. We
measure technical change as the growth in multi-factor productivity
as outlined above. Figure 4.3 and Table 4.4 show that indeed there
is a large cross-sectional variation in the rates of MFP growth.9 As
before, the graphs are indexed to 100 in 1980. Given the fact that all
sectors have increased their use of skilled labour and of capital ser-
vices (see next section), productivity growth of hours worked is higher
than multi-factor productivity growth. As outlined in Chapter 3, MFP
growth takes into account changes in the composition of the labour
force and in the use of capital services as well as hours worked. In
some cases, the difference can be huge. For example, in US manufac-
turing, average labour productivity growth was 2.4 per cent. Taking
into account the large increase in the use of skilled labour and capital,

9 Our analysis of factor input shares in section 4.4 highlights other structural
differences in sector technologies.
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EU

USA

Figure 4.2. Value added per hour worked (1980=100). (Source: See Table
4.2.)

productivity growth dropped to 1.0 per cent. However, many of the
findings on labour productivity are also valid for multi-factor produc-
tivity: growth is by far the highest in ICT production, manufacturing
and distribution services and slowest in finance and business services
and personal services.

The analysis so far points to a varied picture of sectoral develop-
ments in advanced nations in the past decades. There is continuing
productivity growth in goods production, in particular in ICT produc-
tion, and a decline in its shares in output and employment. On the other
hand, finance and business services and personal services seem to be
typical stagnant sectors with low or no productivity improvements but
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EU

USA

Figure 4.3. Multi-factor productivity (1980 = 100). MFP based on value
added. (Source: See Table 4.2.)

with increasing shares in employment, as predicted by Baumol (1967)
and in more recent analyses for the USA by Baumol et al. (1985) and
Nordhaus (2008). However, distribution services do not fit the clas-
sic dichotomy between goods and services. This sector has been very
dynamic with rapid labour productivity growth, while its employment
share has remained more or less constant.

4.4 Growing role of skills and ICT capital

Structural change not only entails the changes in output and produc-
tivity analysed by Kuznets and Maddison, but also involves shifts in
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the mix of inputs used in the production process. One of Kaldor’s
stylised facts is the increasing use of capital per unit of labour over
time (Kaldor 1963). He also found that the prices of capital relative to
wages declined proportionally, so that the shares of labour and cap-
ital in the GDP remained more or less constant. These findings were
based on historical evidence on US and UK growth.10 More recently,
Blanchard (1997) found that although the labour share continued to
be stable in the USA and other Anglo-Saxon countries, it tended to
decrease in continental Europe over the period 1980–95. He linked
this difference to a stronger substitution process of capital for labour
in Europe, partly due to higher wage–rental ratios.

In the past decade, attention was focused on the increasing use of
inputs that are well suited to the generation, processing and diffusion
of knowledge and information, namely, skilled labour and ICT equip-
ment. Berman et al. (1998) document the pervasiveness of increasing
use of skilled labour in manufacturing production in the OECD. As
skill premia remained stable or even increased, this was seen by many
economists as strong evidence for pervasive skill-biased technologi-
cal change (SBTC). An alternative explanation is the complementarity
between increased use of ICT and skilled labour (O’Mahony et al.
2008).11 For the USA, Jorgenson et al. (2005) document large increases
in the use of both skilled labour and ICT capital across the economy,
which seems to be consistent with this idea. They also found sub-
stantial variation in the use of these inputs across detailed industries.
In this section we will track the use of skilled labour and ICT capi-
tal in major sectors in Europe and the USA to see common patterns
in the knowledge intensification of production and its sector-specific
characteristics.

Measures of input intensity

In this chapter we use the cost measures of inputs rather than the
more frequently used quantity measures. The differences between these
measures will be explained below. Input measures based on the cost
approach start from the standard national accounting identity that

10 See Gollin (2002) for more recent evidence across a large set of countries.
11 See Hornstein et al. (2005) for an overview.
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value added equals the compensation for labour and capital.12 We will
distinguish between two groups of labour (skilled, SL, and unskilled,
UL) and two types of capital (ICT capital, KIT, and non-ICT capital,
KNIT). Let P and Q denote prices and quantities respectively, indexed
for value added and various inputs, then

PVA QVA = PSL QSL + PUL QUL + PKIT QKIT + PKNIT QKNIT (4.1)

Using identity (4.1), we will look at three cost shares as indicators,
namely the labour intensity of production I(Labour) defined as:

I(Labour) = PUL QUL + PSL QSL

PVA QVA
(4.2)

the skill intensity of production I(Skill) defined as:

I(Skill) = PSL QSL

PVA QVA
(4.3)

and the ICT-capital intensity of production I(ICT) defined as:

I(ICT) = PKIT QKIT

PVA QVA
(4.4)

An increase in a cost share indicates a growing importance of the
input in production. Note that this rise can be due to an increase in
the price of the input, or to an increase in the quantity used, relative
to the other inputs. These indicators are different from simpler mea-
sures that are often used, such as the share of high-skilled workers
in total employment QSL/(QSL + QUL). The latter indicator is based
on quantities alone and ignores price changes. If, for example, the
marginal productivity of skilled labour increases more than that of
unskilled labour because of skill-biased technological change, the cost
shares correct for this. Under the standard assumption that differ-
ences in marginal productivity are reflected in relative prices, this is
picked up in the cost share given in (4.3). Another common alternative

12 Ideally, we would like to include intermediate inputs as well. However,
industry measures require aggregation of outputs and inputs over firms in the
same industry. This introduces problems of interpretation as part of the output
is used by firms in the same industry as intermediate input. Therefore a switch
should be made to the so-called sectoral output measures introduced by
Domar (1961) and discussed in section 3.6. The EU KLEMS database does not
contain sectoral measures of output and therefore we will use value-added
based cost shares which net out all intermediate inputs.
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indicator is the share of high-skilled workers in total labour compen-
sation: PSLQSL/(PSLQSL + PULQUL). This indicator corrects for dif-
ferences in productivity between various types of labour, but does not
take into account other inputs. For example, if labour (both skilled and
unskilled) is substituted for capital, the share of high-skilled workers in
labour compensation can increase, while their importance in produc-
tion actually declines. The cost share indicator defined in (4.3) takes
account of substitution effects among labour types and between labour
and other inputs.

The empirical implementation of (4.3) is relatively straightforward
as the hours worked by skilled labour and their relative wages can be
directly taken from the EU KLEMS database. We multiply total labour
compensation of all workers (variable LAB in the database) by the
share of high-skilled workers in total labour compensation (LABHS)
and divide by nominal value added (VA). Labour compensation
includes an imputation for self-employed workers. High-skilled work-
ers are defined as workers with college education and above. The series
are designed to track developments over time within each country.
As comparability of educational attainment and qualifications across
countries is still problematical, cross-country comparisons of skill
shares should be interpreted with care (see the discussion in Chapter 3).

Measuring the ICT-capital intensity of production is less straight-
forward as quantities and prices of capital services are not directly
observable. Simpler measures are often used such as the number of
computers per employee, or the share of ICT assets in total investment
or capital stock. Our measure of the relative importance of ICT is
based on the concept of capital services introduced by Jorgenson and
Griliches (1967). In this approach, capital input is measured through
its delivery of services in a specific period (in this case a year) as mea-
sured by its user cost (see Chapter 3). ICT intensity is measured by
multiplying capital compensation (variable CAP in the EU KLEMS
database) by the share of ICT assets in total capital compensation
(CAPIT) and dividing by nominal value added (VA).

Labour shares in value added

Figure 4.4 and Table 4.5 provide trends in the share of labour in
value added over the period 1980–2005, based on (4.2). In the EU
the long-run trend of substituting labour by capital as described by
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EU

USA

Figure 4.4. Labour compensation as a percentage of value added, including
employees and self-employed persons; see equation (4.2). Three-year moving
average. (Source: See Table 4.2.)

Blanchard (1997) continued until the mid-1990s, but has tapered off
since then. The overall labour share dropped from 72 per cent in 1980
to 66 per cent in 2005, and a similar declining trend can be found
in all sectors. In the USA, the overall labour share declined from 67
per cent in 1980 to 63 per cent in 2005, but this was mainly driven
by the strong decreases in the returns to labour in manufacturing
and ICT production. By contrast, labour shares in services remained
remarkably stable over the period 1980–2005 and even increased in
finance and business services. Looking across sectors a common pattern
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Table 4.5 Compensation of all workers as a percentage of value added

EU USA

1980 2005 1980 2005

Total 72.1 66.2 66.8 63.2
ICT production 69.8 61.0 77.5 62.6
Goods 73.4 68.2 68.9 58.6

Manufacturing 74.0 70.6 75.5 61.1
Other goods 72.6 64.5 58.7 55.6

Services 71.5 65.7 64.6 64.7
Market services 77.9 71.5 72.3 71.9

Distribution 83.9 74.4 75.8 73.5
Finance & business 67.1 66.9 63.6 69.5
Personal 82.0 77.5 80.0 75.9

Non-market services 64.7 58.2 56.1 55.9

Notes: Labour compensation as a percentage of value added, including employees
and self-employed persons; see equation (4.2). For sector definitions, see Table 4.1.
Source: See Table 4.2.

is easily discerned across the two regions, as labour shares are highest
in personal and distribution services, while lowest in ICT production
and other goods. This ranking of sectors in terms of labour intensity
is rather stable over time and testifies to the labour-intensive nature of
the production process in services compared to other industries.

Skilled labour

In Figure 4.5 and Table 4.6, we provide the wage bill of high-skilled
workers as a share of value added for each industry. The patterns
are strikingly similar across industries and across regions: the impor-
tance of high-skilled labour has gradually but steadily increased over
recent decades. And the rate of increase is roughly constant across all
sectors in a region. This holds even when looking at detailed market
services and goods industries.13 This confirms the long-term trends

13 Figure 4.6 should not be interpreted as evidence for the low skill level of the
labour force in the EU, compared to that of the USA. The comparability of
educational attainment and qualifications across countries is tenuous, since
some sub-categories with relatively high wages may be classified to high skill in
one country and medium skill in another.
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USA

Figure 4.5. Compensation of high-skilled workers as a percentage of value
added; see equation (4.3). Skill definitions differ across countries and figures
can only be used for inter-temporal analysis. (Source: See Table 4.2.)

documented in Berman et al. (1998) for manufacturing in the OECD,
and in Jorgenson et al. (2005) for the USA. Skill-upgrading of the
economy is not primarily due to strong growth in a limited number
of sectors, but is rather an economy-wide phenomenon. Given the
fact that skill premia remained constant over 1980–2005 in the EU
or increased in the USA, this is suggestive of skill-biased technolog-
ical change as an important driver of increased demand for skilled
workers.
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Table 4.6. Compensation of high-skilled workers as a percentage of
value added

EU USA

1980 2005 1980 2005

Total 8.3 16.0 18.5 30.4
ICT production 3.8 11.7 20.0 34.0
Goods 3.3 8.5 11.5 17.7

Manufacturing 3.8 10.1 13.5 22.2
Other goods 2.5 6.0 8.6 11.8

Services 11.2 19.0 22.2 34.1
Market services 7.1 16.3 19.0 35.5

Distribution 3.5 7.6 14.0 25.1
Finance & business 13.0 24.6 28.9 46.2
Personal 6.1 13.9 16.3 28.0

Non-market services 15.6 22.6 25.8 32.4

Notes: Compensation of high-skilled workers as a percentage of value added; see
equation (4.3). Skill definitions differ across countries (see discussion in Chapter 3)
and figures can only be used for inter-temporal analysis. For sector definitions, see
Table 4.1.
Source: See Table 4.2.

Obviously, there are large differences between industries in the use
of high-skilled labour. By far the most skill-intensive industry in the EU
and the USA is finance and business services. In all regions, manufac-
turing and other goods production are among the least skill-intensive
industries. For example, the share of high-skilled workers in value
added in manufacturing is less than half of that in finance and business
services. This ordering of industries is remarkably constant over time
and points to persistent sectoral differences in structures of production.

ICT capital

In Figure 4.6 and Table 4.7, the shares of ICT-capital compensation
in value added are given for the EU and the USA. Like skill intensity,
ICT intensity is increasing over time in all sectors and regions. This is
suggestive of complementarity between ICT capital and skilled labour.
However, sectoral differences in the levels and their rate of increase for
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USA

Figure 4.6. Compensation of ICT capital as a percentage of value added; see
equation (4.4). ICT capital includes computers, telecommunications equip-
ment and software. (Source: See Table 4.2.)

ICT capital are much more pronounced than for skills. Typically, ICT
intensity of production doubled or even tripled over the period from
1980 to 2005. Perhaps surprisingly, this increase had already started
in the 1980s.

ICT intensity in the market economy of the USA was 2.4 per cent in
1980, increasing to 4.2 per cent in 1990 and peaking at 5.8 per cent
in 1999, but levelling off afterwards, after the bursting of the dotcom
bubble. In the EU the increasing use of ICT was at least as impressive
in the 1980s as it was in the 1990s (see Figure 4.6). It increased from
1.8 per cent to 3.8 per cent in the EU. The rapid increase in the share
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Table 4.7. Compensation of ICT capital as a percentage of value added

EU USA

1980 2005 1980 2005

Total 1.8 3.8 2.4 5.6
ICT production 6.7 12.1 11.9 18.6
Goods 1.2 2.4 0.8 4.6

Manufacturing 1.4 2.9 1.0 5.4
Other goods 1.0 1.6 0.6 3.6

Services 1.7 3.7 2.1 5.1
Market services 2.6 5.5 3.4 7.6

Distribution 1.5 3.9 1.7 5.8
Finance & business 4.6 8.2 6.9 10.8
Personal 1.8 2.1 1.2 1.8

Non-market services 0.8 1.4 0.7 2.1

Notes: Compensation of ICT capital as a percentage of value added; see equation
(4.4). ICT capital includes computers, telecommunications equipment and software.
For sector definitions, see Table 4.1.
Source: See Table 4.2.

of ICT in value added has often been attributed to strong substitution
between ICT and other forms of capital induced by the rapid decline
in its price relative to non-ICT assets and labour (Jorgenson 2001).
The stagnation of the ICT shares after 2000 might indicate that this
substitution process has lost some of its force.

Figure 4.6 also shows that the ordering of sectors in terms of their
ICT intensity is similar across regions. ICT production and finance
and business services are the most intensive users of ICT, while goods
production and personal services are least ICT-intensive. Distribution
services was one of the least ICT-intensive sectors in the past but has
recently had one of the highest growth rates. A more detailed look at
the individual industries reveals considerable sectoral variation in the
rate and timing of the ICT intensification process. For example, in the
mid-1980s, production in US finance and business services was as ICT-
intensive as it was in 2005, while the major surge in ICT intensification
in distribution services came in the mid 1990s. A somewhat similar sec-
toral pattern can be found for the EU, albeit delayed compared to the
USA. This suggests interesting hypotheses about the synchronisation
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of technology waves and spillovers across advanced markets, which
await further sector-specific study.

4.5 Concluding remarks

In this chapter we have studied long-term trends in structural change
in the EU and US economies since 1980. We found an increasing share
in output and employment of services at the expense of goods pro-
duction, while productivity growth in goods production was higher
than in overall market services. These trends are a continuation of
the earlier movements documented by Kuznets (1971) and Maddison
(1980). In addition, we found some trends in the more detailed mea-
sures of output and input now available from the EU KLEMS database
but which were not available to Kuznets and Maddison: a declining
share of labour in value added, especially in goods production, and
increasing shares of skills and ICT in value added in all sectors, in
particular in services. We have argued that the classical dichotomy
between goods production and services has become obsolete. In 2005,
services accounted for 65–75 per cent of value added and hours worked
and included various sectors with widely different characteristics and
performance. Our findings suggest that the treatment of the services
sector as a homogeneous and stagnant sector in contrast to dynamic
manufacturing is no longer warranted. In particular we have shown
that distribution services had productivity growth rates at least as high
as goods production. Clearly, this sector has been cured from Bau-
mol’s cost disease, although Baumol (1967) highlighted retail trade as
a prominent example of a stagnant sector. However, finance and busi-
ness services still have the symptoms of the cost disease as productivity
growth was low and employment shares increased. This is perhaps
surprising as these sectors had the highest levels of skill and ICT use.
Finally, personal services also had low productivity growth rates and
increasing employment shares and seem to epitomise Baumol’s stag-
nant sector.

These findings call for a greater attention to individual services sec-
tors to understand the drivers of growth. This will open up a broad
spectrum of research ranging from empirical to more conceptual issues.
For example, there is an urgent need for improved measurement of
services output volumes as discussed in section 3.7. Non-market ser-
vices had increased shares in output and employment, but little can
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be said about the productivity performance of this sector because of
unresolved measurement issues. And while much is known about the
drivers of technical change in manufacturing, little is known about
innovation in services. This call for more research on services is cer-
tainly not the first: Fuchs (1968) is an early example and Broadberry
(2006), for example, provides a reappraisal of the role of services in
historical growth episodes. This chapter has merely presented new
evidence that reinforces its importance.

In addition, our findings also have a number of implications for theo-
retical and empirical work currently relying on the Kuznets–Maddison
set of stylised facts. Recent multi-sector endogenous growth models
have focused mainly on the shift from agriculture to industry or from
industry to services. Given the large differences in technical progress
and input structures within the services industries, reliance on an aggre-
gate representation of the services sector is tenuous at best. A more
refined treatment of services might also allow a sharper analysis in
models featuring household production (Pissarides 2007; Rogerson
2008). While household activities might be a substitute for certain ser-
vices activities such as housekeeping, cooking and caring, this is much
less obvious for business services or public administration. Lastly, the
simultaneous increase in the use of skills and ICT in all sectors is
strongly suggestive of pervasive capital–skill complementarities. How-
ever, since 2000, ICT shares have been stagnant or even declining,
while cost shares of skilled labour have continued to increase, suggest-
ing skill-biased technological change. This highlights new possibilities
for investigating the links among investment, education and techno-
logical change, based on international evidence at a detailed industry
level as presented in this book.



5 The industry origins
of aggregate growth

5.1 Introduction

The purpose of this chapter is to examine in more detail the industry
origins of growth. This involves analysing how the growth of inputs
and MFP of each industry contributes to aggregate value added. Thus
we not only look at which industries contribute most to productivity
growth but also which industries contribute most to the increased use
of ICT and skilled labour. In addition, we will provide analyses based
on data for twenty-six detailed industries, rather than for broad sectors
as done so far. These yield much richer information on the sources of
growth than those in earlier chapters as the latter could miss sizeable
within-group heterogeneity. As before, we focus on two areas: the
performance of the European Union over the period 1980–2005, and
a comparison of the EU with the USA for the 1995–2005 period.

The chapter is organised as follows. Section 5.2 outlines the method-
ology used to determine industries’ contributions to aggregate growth.
This is based on the direct aggregation over industries approach, out-
lined in Jorgenson et al. (2005). Section 5.3 examines labour pro-
ductivity trends at the industry level and analyses contributions to
aggregate productivity growth in the EU and USA. In the following
sections this contribution is further dissected. In section 5.4 the contri-
bution of input growth in industries to aggregate growth is determined
for ICT capital, non-ICT capital and labour composition separately.
Section 5.5 is devoted to the contributions from industry-level multi-
factor productivity (MFP) growth. Section 5.6 examines whether MFP
growth manifests itself in yeast or mushroom patterns, based on the
seminal paper by Harberger (1998). Section 5.7 concludes.

5.2 Methodology: industry contributions to growth

In this section we outline the methodology to measure the contribution
of industries to aggregate growth. The method will depend crucially
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on the way in which aggregate volume indicators are measured. We
follow the direct aggregation over industries approach, outlined in
Jorgenson, et al. (2005). In this approach the contribution of each
industry to aggregate growth is given by industry growth multiplied
by industry shares of value added – this mirrors the growth accounting
approach outlined in Chapter 3.

We define aggregate nominal value added (GDP) as the sum over
nominal value added (Z) in all industries, j, as follows:

PGDP
t GDPt =

∑
j

P Z
jt Zjt (5.1)

The volume growth of GDP is defined as a Törnqvist weighted
industry value added growth as follows:

� ln GDPt =
∑

j

vGDP
Z,jt � ln Zjt (5.2)

where weights are given by the period-average shares of industry j in
aggregate value added, defined as:

vGDP
Z,jt = 0.5 ×

⎛
⎜⎝ P Z

j,t Zj,t∑
j

P Z
j,t Zj,t

+ P Z
j,t−1 Zj,t−1∑

j
P Z

j,t−1 Zj,t−1

⎞
⎟⎠ (5.3)

We define total aggregate hours worked as the sum over all indus-
tries as before. The conventional way of calculating labour productiv-
ity growth is to divide value added volume growth by the growth in
total hours worked (� ln zt = � ln Zt − � ln Ht). As shown by Stiroh
(2002), in this case aggregate labour productivity growth can be
decomposed into industry contributions as follows:

� ln
GDPt

Ht
=

∑
j

vGDP
Z,jt � ln zjt +

⎛
⎝∑

j

vGDP
Z,jt � ln Hjt − � ln H

⎞
⎠

=
∑

j

vGDP
Z,jt � ln zjt + Rt (5.4)

The term in brackets in (5.4) is the reallocation of hours (R) and
reflects differences in the share of an industry in aggregate value added
and its share in aggregate hours worked. This term will be posi-
tive when industries with an above-average labour productivity level
show positive employment growth or when industries with below-
average labour productivity have declining employment shares. This
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decomposition allows for a calculation of the contribution of industry
j to overall labour productivity growth. It is given by:

LPCONLP
j = vGDP

Z, j t � ln zjt (5.5)

As outlined in Chapter 3, we can decompose labour productivity
growth into the growth of inputs and multi-factor productivity growth:

� ln zjt = vZ
ICT,jt� ln kICT

jt + vZ
N,jt� ln kN

jt + vZ
L,jt� ln LCjt + � ln AZ

jt

(5.6)

Combining the decomposition of industry labour productivity in
(5.6) with the decomposition in (5.4), the full decomposition of aggre-
gate labour productivity growth can be written as:

� ln
GDPt

Ht
=

∑
j

vGDP
Z,jt

(
vZ

ICT,jt� ln kICT
jt + vZ

N,jt� ln kN
jt

+ vZ
L,jt� ln LCjt + � ln AZ

jt

)
+ Rt (5.7)

In this way, the contribution of input and MFP growth from each
industry to aggregate labour productivity growth can be calculated.
For example, the contribution of ICT-capital deepening in industry j
to aggregate labour productivity growth is given by:

LPCONICT
j = vGDP

Z,jt

(
vZ

ICT,jt� ln kICT
jt

)
= vGDP

ICT,jt� ln kICT
jt (5.8)

which is the growth of ICT capital per hour worked in industry j
weighted by the share of ICT capital compensation in industry j in
aggregate nominal value added (vGDP

ICT,jt). The weight is the product of

the share of industry j in aggregate value added (vGDP
Z,jt ) and the share

of ICT capital compensation in industry value added (vZ
ICT,jt).

Similarly, the contribution to aggregate labour productivity growth
from non-ICT capital deepening in industry j (LPCONN

j ) is given by
the growth of non-ICT capital per hour worked in industry j weighted
by the share of non-ICT capital compensation in industry j in aggregate
nominal value added:

LPCONN
j = vGDP

Z,jt

(
vZ

N,jt� ln kN
jt

)
= vGDP

N,jt � ln kN
jt (5.9)

The contribution to aggregate labour productivity growth from
labour quality (LPCONLC

j ) is given by:

LPCONLC
j = vGDP

Z,jt

(
vZ

L,jt� ln LCjt

)
= vGDP

L,jt � ln LCjt (5.10)
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Table 5.1. Industry sources of labour productivity growth, EU and USA

EU USA

1980–95 1995–2005 1980–95 1995–2005

Aggregate labour
productivity

2.52 1.52 1.94 2.93

Reallocation 0.05 −0.14 −0.28 −0.25
Industry-weighted

labour productivity
2.46 1.66 2.22 3.19

Contribution of
industry-weighted:

Labour composition 0.30 0.21 0.23 0.30
ICT capital per hour 0.39 0.53 0.78 1.02
Non-ICT capital per

hour
0.77 0.54 0.44 0.53

Multi-factor productivity 1.00 0.39 0.78 1.33

Note: The table gives the contributions of industry-level inputs per hour worked and
MFP to aggregate market economy labour productivity growth. These contributions
are aggregated over industries as given in Tables 5.4 to 5.7.
Source: Calculations based on EU KLEMS database, March 2008; see Chapter 3.

which is the growth of labour services per hour worked in industry j
weighted by the share of labour compensation in industry j in aggregate
nominal value added. The weight is the product of the share of industry
j in aggregate value added and the share of labour compensation in
industry value added. Finally, the contribution to aggregate labour
productivity growth from MFP growth (LPCONMFP

j ) is given by:

LPCONMFP
j = vGDP

Z,jt � ln MFPZ
jt (5.11)

which is the growth of MFP in industry j weighted by the share of
industry j in aggregate value added.1

In Table 5.1 the basic decomposition of aggregate labour produc-
tivity growth is given. The first three rows indicate the breakdown of
labour productivity growth in the market economy into the weighted

1 In a more general setting, MFP is derived for gross output rather than value
added (see Chapter 3). In this case, the industry weights will be different,
and are often referred to as Domar-weights; see, for example, Jorgenson,
Gollop and Fraumeni (1987). Aulin-Ahmavaara and Pakarinen (2007) provide
an alternative aggregation scheme based on weaker assumptions.
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growth of industry-level labour productivity growth and the reallo-
cation term as in (5.4). The second row shows that the realloca-
tion of labour between industries had a negative impact on aggre-
gate growth in the USA as hours worked were reallocated to industries
with lower levels of labour productivity, mainly in trade and hotels and
restaurants. This also took place in the EU in the period 1995–2005.
Overall though, this term is relatively small.2 The weighted indus-
try contribution as given in the third row is further decomposed into
industry-weighted contributions of ICT and non-ICT capital, labour
services per hour worked and multi-factor productivity as in (5.7). In
the following sections these aggregate contributions are broken down
by industry to investigate the industry sources of growth. We first anal-
yse aggregate contributions of labour productivity growth in industries
in section 5.3, and then decompose this further into the industry ori-
gins of input and multi-factor productivity growth in section 5.4. In
Table 5A.1 one can find the growth accounting results for each indus-
try separately that are the basis for these decompositions of aggregate
growth.

5.3 Labour productivity growth

In Chapter 2 it was shown that the industry sources of productivity
growth differed considerably between Europe and the USA. In the
USA, ICT production and market services appeared to be much more
important drivers of aggregate growth than in the EU. In this section
we provide a more detailed industry perspective on the transatlantic
growth divide. In addition, we locate the industries mainly responsi-
ble for the productivity slowdown in Europe since the mid 1990s. In
Figure 5.1, labour productivity growth rates for detailed market indus-
tries in the EU are shown for the periods 1980–95 and 1995–2005.
Industries are ranked on growth in the earlier period. Labour pro-
ductivity growth rates varied widely across the twenty-six industries.
In the early period the highest growth took place in agriculture, post
and telecommunications and various manufacturing industries such

2 The size of the reallocation term depends on the level of industry detail at which
the decomposition is made. The reallocation term in this table is based on
twenty-six industries, while, for example, the decomposition shown in Table
2.2 is based on six sectors only.
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Figure 5.1. Labour productivity growth in the EU, 1980–2005. Annual com-
pound growth rates of value added per hour worked. Industries ranked on
EU, 1980–95. (Source: See Table 5.1.)

as chemicals, electrical equipment, rubber and plastics and transport
equipment. In contrast, productivity growth was small or even neg-
ative in business services, hotels and restaurants and other personal
services. This ranking did not change much after 1995 as more or less
the same industries were ranked at the top and bottom, but produc-
tivity growth rates declined over the two periods in most industries.
Out of twenty-six industries, only six increased growth. This is in stark
contrast with developments in the USA. In Figure 5.2 trends in the EU
and the USA in the period 1995–2005 are compared. In this figure,
industries are ranked on growth rates in the EU. The correlation with
the ranking in the USA is only weak. By far the fastest growing sector
in the USA is electrical equipment manufacturing with annual labour
productivity growth of more than 15 per cent, followed by wholesale
trade. In the EU, post and telecommunications and utilities topped the
ranking, followed by electrical equipment. During this period labour
productivity growth in the USA was higher than in the EU in nine-
teen out of twenty-six industries. European growth was only faster in
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Figure 5.2. Labour productivity growth in the EU and USA, 1995–2005.
Annual compound growth rates of value added per hour worked. Industries
ranked on EU. (Source: See Table 5.1.)

industries like mining, post and telecommunications, wood manufac-
turing and utilities.

The importance of an industry in explaining differences in aggregate
productivity growth does not only depend on its productivity growth
rate, but also on its share in value added. We use (5.5) to measure
the contribution of each sector to aggregate productivity growth. In
Table 5.2 the basic data for this calculation is given for six broad
sectors, together covering the market economy. Based on the aver-
age share in value added and the growth in labour productivity, the
contribution of each sector to aggregate labour productivity growth
is derived and shown in the lowest section of Table 5.2. For exam-
ple, during 1995–2005, finance and business services contributed 0.7
percentage points to aggregate labour productivity growth in the USA.
This is not because growth in this sector was particularly high. Growth
was below average (2.6 per cent), but due to its large share in the econ-
omy (27 per cent), its contribution was substantial. On the other hand,
labour productivity growth in ICT production was much higher (10
per cent), but as its share in value added was only small (8 per cent), its
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Table 5.2. Industry contributions to aggregate labour productivity, EU
and USA

EU USA

1980–95 1995–2005 1980–95 1995–2005

Average share in aggregate value added (percentage)
ICT production 6.7 6.6 8.9 8.1
Manufacturing 27.8 24.3 24.6 20.0
Other goods 19.1 16.0 15.3 14.1
Distribution 21.5 21.5 23.2 22.1
Finance & business 17.4 22.8 20.3 26.9
Personal 7.5 8.8 7.7 8.9
Market economy 100.0 100.0 100.0 100.0

Growth in labour productivity (annual growth)
ICT production 4.9 6.5 5.9 10.0
Manufacturing 3.2 2.0 2.1 2.9
Other goods 3.5 1.6 1.8 −0.4
Distribution 2.5 1.7 2.7 4.0
Finance & business 0.3 0.3 0.3 2.6
Personal 0.5 0.4 1.1 1.2
Market economy 2.5 1.5 1.9 2.9

Contribution to market economy labour productivity growth (percentage
points)
ICT production 0.33 0.42 0.52 0.81
Manufacturing 0.89 0.48 0.52 0.58
Other goods 0.67 0.25 0.28 0.05
Distribution 0.53 0.37 0.64 0.88
Finance & business 0.05 0.07 0.05 0.69
Personal 0.04 0.03 0.09 0.11
Reallocation effect 0.08 −0.03 −0.05 −0.08
Market economy 2.52 1.52 1.94 2.93

Source: See Table 5.1.

contribution to aggregate labour productivity growth was only slightly
higher at 0.8 percentage points. Figures 5.3 and 5.4 provide a more
detailed analysis of the industry sources of productivity growth at
the level of twenty-six industries. Each bar indicates the percentage
contribution of an industry to aggregate labour productivity growth.
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Figure 5.3. Industry contributions to aggregate labour productivity, EU,
1980–2005. Contributions in percentage points to annual growth rates of
value added per hour worked. Industries ranked on difference between two
periods. (Source: See Table 5.1.)

Industries are ranked on the difference in growth rates between the
two periods (Figure 5.3) and between the EU and USA (Figure 5.4).

Table 5.2 shows that the labour productivity growth decrease in
Europe was mainly due to the weaker performance in manufacturing
and other goods production after 1995. Decreases in the contribu-
tion from agriculture, mining and construction were as important as
the decreases in manufacturing. This was one of the main findings in
Chapter 2. The decrease was not concentrated in a limited set of indus-
tries. Rather, the contribution of almost all manufacturing and other
goods-producing industries decreased substantially. This can be seen
in Figure 5.3 which provides additional industry detail. In fact, the pat-
tern of industry contributions to growth in Europe during 1995–2005
looked quite similar to the pattern in the USA in the previous period
(1980–1995). After this point the engines of growth in the USA shifted
towards market services with large contributions from distribution
and finance and business services (Table 5.2). Compared to Europe,
the contributions of electrical equipment manufacturing, wholesale
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Figure 5.4. Industry contributions to aggregate labour productivity, EU and
USA, 1995–2005. Contributions in percentage points to annual growth rates
of value added per hour worked. Industries ranked on difference between EU
and USA. (Source: See Table 5.1.)

and business services clearly stand out (Figure 5.4). But other trade
sectors (retail and automotive trade) also contributed significantly to
the difference in performance. Finance and post and telecommunica-
tions appeared to be important sources of growth in both Europe and
the USA, contributing similarly in the two regions.

5.4 Capital and labour input growth

In this section we investigate the contribution of capital and labour
input growth in industries to aggregate labour productivity growth.
We first focus on the contribution of ICT capital, then non-ICT capital
and finally the changing composition of labour.

ICT capital

In Table 5.1, it was shown that the overall contribution of ICT capital
to labour productivity growth has increased in both the EU and the
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Figure 5.5. Share of ICT and non-ICT capital compensation in value added,
market economy, EU and USA, 1980–2005. (Source: See Table 5.1.)

USA over the past decades. In Figure 5.5 we show that the rapidly
increasing role of ICT capital in the economy in the past decades
levelled off from about 2000. The figure shows the share of ICT-
capital compensation in value added in the period from 1980 to 2005
for the market economy in the EU and the USA. This share increased
strongly in the USA from 3 per cent in 1980 to over 7 per cent in 1999,
but after that the share stalled and remained more or less flat. This is
most likely related to the burst of the New Economy bubble in 2000,
but might also indicate that the diffusion of ICT assets in the economy
had reached a certain saturation point. In the EU a similar trend can
be seen as the share of ICT increased from around 2 per cent in 1980
to around 5 per cent in 1999 and levelled off afterwards. However,
in 2005 the EU level was well below the USA and was comparable to
the US level at the end of the 1980s. This suggests ample opportunities
for catch-up in the use of ICT capital in the EU, although this did not
happen in the early 2000s. In 2005, the level of ICT capital services
per hour worked in the EU was only about 50 per cent of the US level
(see section 6.5).

In Table 5.1, it was shown that the overall contribution of ICT
capital has increased in both the EU and the USA. It contributed 0.5
percentage points to aggregate labour productivity growth in the EU
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Table 5.3. Growth of ICT-capital deepening and ICT shares,
EU and USA

EU USA

1980–95 1995–2005 1980–95 1995–2005

Average ICT share in aggregate value added (percentage)
ICT production 0.55 0.72 1.25 1.39
Manufacturing 0.52 0.64 0.58 0.93
Other goods 0.23 0.25 0.21 0.43
Distribution 0.52 0.78 0.70 1.13
Finance & business 1.15 1.86 1.81 2.83
Personal 0.14 0.18 0.12 0.16
Market economy 3.12 4.42 4.67 6.86

Growth in ICT-capital deepening (annual growth)
ICT production 10.0 9.9 7.6 9.3
Manufacturing 10.7 9.1 17.6 11.4
Other goods 9.0 8.2 19.6 15.0
Distribution 12.5 11.3 20.0 15.5
Finance & business 15.5 14.5 21.0 18.8
Personal 11.8 13.0 15.2 12.0
Market economy 12.6 12.0 16.6 14.9

Source: See Table 5.1.

and even a full percentage point in the USA during the period 1995–
2005. In Tables 5.3 and 5.4, this contribution is broken down to the
industry level to investigate the underlying sources by industry. As
shown in (5.8), the contribution of ICT capital depends on its share in
aggregate value added and its growth rate. These separate component
parts convey interesting information about the changing role of ICT in
economic growth. In the lower part of Table 5.3 we show growth rates
of ICT capital services per hour worked for our six major sectors and
the market economy. In the upper part of the table the share of ICT
compensation in market economy value added is given. These shares
indicate the importance of ICT capital in a sector for the overall market
economy. In Table 5.4 we bring together the results in the previous
table to show the contribution of growth in ICT capital in each sector
to aggregate labour productivity growth.
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Table 5.4. Contribution of industry ICT-capital deepening,
EU and USA

EU USA

1980–95 1995–2005 1980–95 1995–2005

Market economy 0.39 0.53 0.78 1.02

Contribution of:
ICT production 0.06 0.07 0.10 0.13
Manufacturing 0.06 0.06 0.10 0.11
Other goods 0.02 0.02 0.04 0.06
Distribution 0.06 0.09 0.14 0.17
Finance & business 0.18 0.27 0.38 0.53
Personal 0.02 0.02 0.02 0.02

Note: The table gives the contribution of ICT-capital deepening in an industry to
aggregate market economy labour productivity growth. This is calculated as the
industry growth in ICT capital per hour worked weighted by its share of ICT-capital
compensation in aggregate value added given in Table 5.3 (see equation 5.8).
Source: See Table 5.1.

Looking at Table 5.3, it is striking to see that the figures for the EU
and USA do not differ by much: ICT-capital deepening has progressed
at double-digit growth rates since 1980 in both regions. Although
growth has been faster in the USA, the differences are relatively minor.
This picture extends quite well to each of the sectors. The fact that
ICT-capital service growth is high in both the EU and the USA does
not contradict our earlier finding in Table 5.2 that ICT-capital deepen-
ing makes a much larger contribution to aggregate labour productivity
growth in the USA than it does in the EU. The larger contribution is
due to the fact that ICT-capital compensation makes up a much larger
share of value added in the USA than in the EU, as shown in Table 5.3.
The higher share is due to the fact that the levels of ICT investment in
the EU were much lower than in the USA in the period under consider-
ation, although growth rates were high in both regions. Consequently,
the absolute gap in ICT-capital intensity increased steadily. Table 5.3
shows that this is true for all sectors except personal services. On aver-
age between 1980 and 1995, ICT capital made up only 3.1 per cent of
aggregate value added in the EU but 4.7 per cent in the USA. For the
1995–2005 period, the gap grew to more than two percentage points.
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Figure 5.6. Contribution to aggregate labour productivity of industry ICT-
capital deepening, EU and USA, 1995–2005. Contributions in percentage
points to annual growth rates of value added per hour worked. Industries
ranked on difference between EU and USA. (Source: See Table 5.1.)

This gap can be found in all of the industry groups and is largest in
ICT-producing industries and finance and business services.

By combining ICT-capital deepening with the ICT shares in Table
5.3 as in (5.8), the contribution of ICT-capital deepening in each indus-
try to aggregate labour productivity growth can be derived. The results
are shown in Table 5.4. The first row shows the contribution to aggre-
gate labour productivity growth of ICT-capital deepening in all indus-
tries. This row is reproduced from the corresponding row in Table 5.1.
Subsequent rows decompose the contributions given in the first row
by sector. So, for example, the entry 0.27 for financial and business
services in the EU for the 1995–2005 period indicates that ICT-capital
deepening in this sector contributed 0.27 percentage points to aggre-
gate labour productivity growth in this period. In contrast, ICT-capital
deepening in ICT-producing industries contributed only 0.07 percent-
age points.

In Figure 5.6 the contribution of the twenty-six detailed industries
to aggregate growth in the EU and USA during 1995–2005 is given.
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Industries are ranked on the difference in EU and US growth rates. This
figure shows that only a few industries are responsible for the EU–US
gap in the growth contribution from ICT. Together, financial and busi-
ness services are responsible for more than half of the difference in the
contribution of ICT capital to labour productivity growth between the
EU and the USA (0.26 percentage points out of 0.49 percentage points
difference). The rest is accounted for by the remaining industries. In
twenty-three out of twenty-six industries, the contribution of ICT is
higher in the USA than in the EU. Nevertheless, the ranking of indus-
tries in terms of their contribution is rather similar in both regions. All
industries that are near the top of the distribution in the USA are also
near the top in the EU. The role of ICT in driving productivity growth
is clearly concentrated in market services.

Non-ICT capital

The contribution of ICT capital to aggregate productivity growth has
steadily increased over time as indicated above. However, this does
not imply that the role of non-ICT assets in production is only minor
or eclipsed by the increasing use of ICT assets. On the contrary, the
share of non-ICT capital in value added is much higher than that of
ICT assets and has been rather stable, hovering around 25 per cent of
market economy value added in both the EU and USA since the 1980s
(see Figure 5.5). In Table 5.1 it was shown that the contribution of
non-ICT to European productivity growth during 1995–2005 was still
as high as that of ICT-capital deepening. Rather, the growth in non-
ICT assets per hour worked declined in the EU and this provides an
important reason for the European growth deceleration. Therefore, we
now turn to a discussion of the industry sources of trends in non-ICT
assets.

The contribution of non-ICT capital deepening in an industry to
aggregate labour productivity growth can be calculated as the growth
of non-ICT capital per hour worked in the industry weighted by its
share of non-ICT capital compensation in aggregate nominal value
added (see equation 5.9). The results are given in Table 5.5 and should
be interpreted analogously to the results in Table 5.4 for ICT capital.
The first row shows the contribution to aggregate labour productiv-
ity growth by non-ICT capital deepening aggregated over all indus-
tries. It corresponds to the row ‘contribution from non-ICT capital
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Table 5.5. Contribution of industry non-ICT capital deepening,
EU and USA

EU USA

1980–95 1995–2005 1980–95 1995–2005

Market economy 0.77 0.54 0.44 0.53

Contribution of:
ICT production 0.06 0.05 0.06 0.07
Manufacturing 0.27 0.14 0.10 0.11
Other goods 0.23 0.17 0.09 0.11
Distribution 0.11 0.11 0.06 0.07
Finance & business 0.08 0.05 0.13 0.16
Personal 0.02 0.02 0.00 0.01

Note: The table gives the contribution of non-ICT capital deepening in an industry
to aggregate market economy labour productivity growth. This is calculated as the
industry growth in non-ICT capital per hour worked weighted by its share of non-ICT
capital compensation in aggregate value added (see equation 5.9).
Source: See Table 5.1.

deepening’ in Table 5.1. Subsequent rows decompose the contribu-
tions given in the first row by sector. The results for detailed industries
for the EU are given in Figure 5.7, comparing contributions in the peri-
ods 1980–1995 and 1995–2005. Industries are ranked on differences
in growth between the two periods. The striking finding in Figure 5.7
is that the deceleration in non-ICT capital deepening in the EU was
rather pervasive, as contributions after 1995 declined in nineteen out
of twenty-six industries. The contribution of the mining sector, the
most important contributor during the early period, declined dramati-
cally. But also the contribution of business services, another heavy user
of non-ICT capital, diminished. The manufacturing sector was respon-
sible for more than half of the aggregate deceleration and this decline
was widespread across all manufacturing sectors. Only construction
and retailing showed increased contributions.

One interpretation of the decline in contributions after 1995 is that
the possibilities for European catch-up were mostly exhausted by 1995
and that growth had slowed down to a pace more comparable to the
productivity leader. To investigate this hypothesis, relative levels of
capital inputs would be required. These are provided in Chapter 6 and
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Figure 5.7. Contribution to aggregate labour productivity of industry non-
ICT capital deepening, EU, 1980–2005. Contributions in percentage points to
annual growth rates of value added per hour worked. Industries ranked on
difference between two periods. (Source: See Table 5.1.)

indicate that non-ICT capital services per hour worked in the EU rose
rapidly during the 1980s and were indeed already above the level in
the USA during the early 1990s. This has generally been attributed
to higher wages in Europe relative to the USA, leading to a greater
degree of substitution capital for labour. As discussed in Chapter 2,
moderation in the growth in wages in Europe since the mid 1990s,
driving up the relative price of capital, contributed to the cessation
of this substitution process. Since the mid 1990s relative levels were
more or less stable. In 2005, non-ICT capital services per hour in
the EU market economy were about 7 per cent higher than in the
USA. This is not true for all sectors. While levels in manufacturing,
transport and business services were higher than in the USA, gaps con-
tinued to exist in other goods production and in finance and business
(see Chapter 6).

In focusing on the slowdown in non-ICT capital deepening in the
EU we should not lose sight of the fact that before 1995, non-ICT
capital deepening progressed at a much faster pace than in the USA
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Figure 5.8. Contribution to aggregate labour productivity of industry non-
ICT capital deepening, EU and USA, 1995–2005. Contributions in percentage
points to annual growth rates of value added per hour worked. Industries
ranked on EU. (Source: See Table 5.1.)

in most industries. After 1995 the contributions in the EU and USA
are much more similar. This becomes especially clear in Figure 5.8,
which ranks the contributions to aggregate labour productivity from
non-ICT capital deepening for the 1995–2005 period for both regions.
While the ranking of industries differs in some cases, contributions in
many industries are remarkably close. Utilities, construction, trans-
port services, business services and wholesale trade dominated in both
regions.

Changes in the composition of labour

Changes in the composition of labour force are relatively unimpor-
tant in terms of explaining the aggregate labour productivity growth
differential between the EU and the USA. However, the results at the
industry level do point to some noticeable differences between the two
regions. The contribution to aggregate labour productivity growth can
be calculated as the change in labour services per hour worked in
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Table 5.6. Contribution of change in industry labour composition,
EU and USA

EU USA

1980–95 1995–2005 1980–95 1995–2005

Market economy 0.30 0.21 0.23 0.30

Contribution of:
ICT production 0.02 0.01 0.03 0.03
Manufacturing 0.09 0.07 0.07 0.06
Other goods 0.04 0.03 0.04 0.01
Distribution 0.05 0.03 0.04 0.06
Finance & business 0.08 0.06 0.04 0.10
Personal 0.02 0.01 0.00 0.02

Note: The table gives the contribution of change in labour composition in an industry
to aggregate market economy labour productivity growth. This is calculated as the
industry growth in labour services per hour worked weighted by its share of labour
compensation in aggregate value added (see equation 5.10).
Source: See Table 5.1.

an industry weighted by its share of labour compensation in aggregate
nominal value added (see equation 5.10). The results are given in Table
5.6 and should be interpreted analogously to the results in Tables 5.4
and 5.5. The first row corresponds to the row ‘labour composition’ in
Table 5.1. Subsequent rows decompose the contributions given in the
first row by sector.

Table 5.6 shows that after 1995 the contribution of labour ser-
vices to aggregate labour productivity growth slowed down in the EU,
but increased in the USA. Throughout this period contributions were
generally close around 0.3 percentage points. The table shows that
between 1980 and 1995, manufacturing in the EU showed particularly
large contributions. These are sectors that intensively use craft-level
skills, a traditional area of focus of European upskilling. Figure 5.9
provides the contributions of detailed industries for the period 1995–
2005, ranked on the contributions in the EU. Business and financial
services top the ranking in both regions. In the USA, the contribution
of these industries was noticeably higher than in the EU. These indus-
tries intensively use university graduates, which has long been an area
of strength of the US skill acquisition system.
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Figure 5.9. Contribution to aggregate labour productivity of industry changes
in labour composition, EU and USA, 1995–2005. Contributions in percentage
points to annual growth rates of value added per hour worked. Industries
ranked on EU. (Source: See Table 5.1.)

The earlier lead of the USA in these industries points to possible
ICT–skill complementarities as the USA also leads in the use of ICT in
these sectors. Indeed, there is ample evidence for the USA to suggest
that new technology, and ICT in particular, is complementary (Autor
et al. 1998; Chun 2003) and recent evidence suggests that some Euro-
pean countries lag behind the USA in this respect (O’Mahony et al.
2008). The issue of factor complementarities, which requires factor
demand analysis, cannot be handled in a growth accounting frame-
work and so is not pursued further in this chapter.

Beneath these aggregate figures there are other compositional
changes that appear to impact on all industries, such as the increas-
ing employment of women and older workers, the latter driven by an
aging population, especially in Europe. However, in terms of aggregate
labour composition, the impact of age, leading to greater deployment
of higher wage workers, and the increasing use of females, who typi-
cally earn less than males, tend to counterbalance each other. Hence the
trends, and cross-industry variation, tend to be dominated by changes
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in skill composition. Nevertheless, these worker characteristics are
important and there is some evidence that ICT is age-biased against
older workers in the 50-plus age groups (O’Mahony and Peng 2008).
Daveri and Maliranta (2007) consider Finnish firms located in three
distinct sectors, forestry, industrial machinery and electronics. They
show that the electronics sector shows a productivity profile that first
increases with age but turns negative beyond a certain level of senior-
ity. However, similar profiles are not observed in the other two sectors.
They argue that rapid technical progress can accelerate the deprecia-
tion of skills that occurs naturally as workers age. Hence there may be
variations across industries in the use of older workers that correlate
with technology use. Further work is required to gauge the extent of
this.

5.5 Multi-factor productivity growth

Although the differences in ICT investment play a major role in
explaining the aggregate labour productivity growth differential
between the EU and the USA, trends in MFP growth are most
important, as shown in Table 5.1. In the period 1980–95, the contri-
bution of MFP was comparable in both regions. But while aggregate
MFP growth in the EU strongly decreased after 1995, US growth accel-
erated. As such, trends in MFP can provide an explanation for both
the European slowdown and the US growth resurgence. Which indus-
tries were responsible for these trends? To answer this question we
first provide an overview of the MFP growth rates by industry before
we turn to the contribution of each sector to the aggregate. We start
with a focus on the European slowdown. In Figure 5.10, MFP growth
rates for detailed market industries in the EU are shown for the peri-
ods 1980–95 and 1995–2005. Industries are ranked on growth rates
in the early period. MFP growth rates varied widely across the twenty-
six industries and closely reflect the patterns in labour productivity
shown in Figure 5.1. In the early period the highest growth took place
in agriculture, post and telecommunications and various manufactur-
ing industries such as chemicals, electrical equipment and rubber and
plastics. In contrast, productivity growth was small or even negative in
business services, hotels and restaurants and other personal services.
This ranking did change somewhat after 1995 but more or less the
same industries were ranked at the top and bottom, except for utilities,
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Figure 5.10. Multi-factor productivity growth in the EU, 1980–2005. Annual
compound growth rates of multi-factor productivity (value-added based).
Industries ranked on differences between growth in two periods. (Source: See
Table 5.1.)

which improved remarkably, and petroleum refining and mining, in
which performance deteriorated strongly. Overall MFP growth rates
declined over the two periods in nineteen out of twenty-six industries.

The low MFP growth rates in European industries after 1995 are
in stark contrast with developments in the USA. In Figure 5.11 aver-
age annual MFP growth rates in the EU and USA for 1995–2005 are
compared for detailed industries. In this figure, industries are ranked
on growth rates in the EU. The correlation with the ranking in the
USA is only weak. In the EU post and telecommunications, electrical
equipment manufacturing and utilities topped the ranking. By far, the
fastest growing sector in the USA was electrical equipment manufac-
turing with annual MFP growth of more than 13 per cent, followed by
wholesale trade, automotive trade and agriculture. In the EU, various
industries had strong negative MFP growth rates, including business
services, hotels and restaurants, construction and mining. Construc-
tion and mining also showed MFP declines in the USA, but this was
not the case in the other industries. During this period, MFP growth
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Figure 5.11. Multi-factor productivity growth in the EU and USA, 1995–
2005. Annual compound growth rates of multi-factor productivity (value-
added based). Industries ranked on growth in EU. (Source: See Table 5.1.)

in the EU was higher than in the USA in only ten out of twenty-six
industries, including some high-tech manufacturing industries such as
chemicals, transport equipment and other machinery.

The impact of MFP growth in an industry on aggregate growth can
be determined on the basis of (5.11). The contribution to aggregate
labour productivity growth can be calculated as the growth of MFP
in an industry weighted by its share in aggregate value added. The
results are given in Table 5.7 and should be interpreted analogously
to the results in the previous tables. The first row shows the contribu-
tion to aggregate labour productivity of MFP growth, aggregated over
all industries. It corresponds to the row ‘multi-factor productivity’ in
Table 5.1. Subsequent rows decompose the contributions given in the
first row by sector.

Table 5.7 indicates that the slowdown in European multi-factor pro-
ductivity is not only located in goods-producing sectors, but is also due
to a slowdown in efficiency improvements in distribution and trans-
port services. A more detailed analysis reveals that the declining trend
was widespread over goods and services industries. In Figure 5.12,
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Table 5.7. Contribution of industry MFP growth, EU and USA

EU USA

1980–95 1995–2005 1980–95 1995–2005

Market economy 1.00 0.39 0.78 1.33

Contribution of:
ICT production 0.18 0.28 0.33 0.54
Manufacturing 0.46 0.17 0.24 0.25
Other goods 0.32 0.05 0.18 −0.11
Distribution 0.31 0.13 0.42 0.60
Finance & business −0.18 −0.16 −0.46 0.00
Personal −0.08 −0.07 0.06 0.06

Note: The table gives the contribution of MFP growth in an industry to aggregate
market economy labour productivity growth. This is calculated as the industry value-
added based MFP growth weighted by its share of value added in aggregate value
added (see equation 5.11).
Source: See Table 5.1.

Agriculture

Mining

Construction

–0.30 –0.10–0.20 0.00 0.10 0.20 0.30

EU 95–05 EU 80–95

Petroleum ref.

Hotels and Rest.

Other Services

Business Services

Food and Beverages

Automotive Trade

Retail Trade

Other Manufacturing

Metal

Textiles and Footwear

Other Machinery

Transport

Paper, Print and Publ.

Wholesale Trade

Finance

Non-Metallic Mineral

Transport Equipment

Wood Products

Chemicals

Rubber and Plastics

Electrical Equipment

Utilities

Post and Telecom

Figure 5.12. Contribution to aggregate labour productivity of industry MFP
growth, EU, 1980–2005. Contributions in percentage points to annual growth
rates of value added per hour worked. Industries ranked on difference between
two periods. (Source: See Table 5.1.)
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industries are ranked on the difference in their contribution between
1980–95 and 1995–2005. The biggest contributors to the decline are
other-goods producing industries (agriculture and construction, but
not mining). During 1980–95, these industries were strong drivers of
aggregate MFP growth, contributing 0.8 percentage points, but dur-
ing 1995–2005 their contribution was a mere 0.2 percentage points.
The next three biggest contributors to the decline were services indus-
tries (transport, retail and business services). There was also a declin-
ing trend in most manufacturing industries, especially in chemicals,
textiles and metals. Only the contribution of the post and telecom-
munications sector improved significantly over time. As discussed in
Chapter 2, this broad-based decline might be due to a combination of
exhausted potential for catch-up growth in traditional goods industries
and increasing global competition in low- and medium-tech manufac-
turing.

In contrast to Europe, MFP growth in the USA accelerated in
many industries, especially in market services. Whereas their combined
contribution was about nil in the early period, market services con-
tributed half of US MFP growth in the later period. This was mainly
concentrated in the distribution sector as wholesale, retail and automo-
tive trade ranked second, third and fourth during 1995–2005, together
contributing 0.58 percentage points. Compared to Europe, their con-
tribution to aggregate growth was 0.50 points higher, explaining more
than half of the EU–US difference in MFP growth. In addition, the con-
tribution from the largest single driver of MFP growth, electrical equip-
ment manufacturing, increased even further to 0.54 percentage points
in the USA, while only contributing 0.10 points in the EU. Together
with the trade industries, superior performance in this sector can fully
explain the EU–US MFP growth gap during 1995–2005. Figure 5.13
provides a detailed analysis for the period 1995–2005, ranking indus-
tries on the basis of the difference in growth between the EU and the
USA. Interestingly, financial and business services combined did not
contribute to aggregate MFP growth in either region. But while this
sector was a large drag on aggregate MFP growth in the USA in the
early period, this was no longer true in the later period. In contrast,
this sector continued to contribute negatively to European productiv-
ity growth after 1995, adding another 0.16 percentage points to the
EU–US growth gap. This was overridingly due to weak performance in
European business services. The decline in MFP levels in this sector in
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Figure 5.13. Contribution to aggregate labour productivity of industry MFP
growth, EU and USA, 1995–2005. Contributions in percentage points to
annual growth rates of value added per hour worked. Industries ranked on
difference between EU and USA. (Source: See Table 5.1.)

the 1980s even accelerated after 1995. Measured MFP growth in the
finance sector was only small in both regions and did not contribute
much to aggregate growth, although the sector had grown rapidly in
size.

5.6 Patterns of growth: yeast versus mushrooms

With the availability of more industry-level data, an increasingly
detailed picture of the patterns and sources of growth has become
feasible. At the same time, there is a need to find insightful ways to
summarise the wealth of industry detail. The most straightforward
approach is to aggregate industries into larger groups and analyse the
performance of these groups as a whole. However, by doing this we
run the risk of missing possibly sizeable within-group heterogeneity.
Alternatively, one can provide graphs with detailed industry data, as
we have also done in the first part of this chapter. But these graphs
do not provide a clear interpretation of the overall growth process. So
to complement our discussion we use, in this section, the Harberger
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diagram as a way to characterise the growth pattern of all industries
(Harberger 1998). Specifically, we use these diagrams and a num-
ber of summary statistics to characterise how widespread (yeast-like)
or localised (mushroom-like) are capital deepening and productivity
growth.

These Harberger diagrams can be used to shed light on some of
the hypotheses about productivity growth in the USA and other coun-
tries that have circulated in recent years. At various points, it has
been suggested that the acceleration of US labour productivity growth
and/or the difference with other countries can be traced mostly to ICT
production, the strong performance of a small number of ICT-using
industries or a broad set of services industries. Harberger diagrams pro-
vide an intuitive and standardised way to determine how widespread
growth and changes in growth are within an economy. They can also
be used to determine how evenly new technology spreads across an
economy. For instance, below we use Harberger diagrams to analyse
whether ICT capital is growing at similar or very different rates across
industries.

The Harberger diagram provides a convenient graphical summary
of the industry pattern of growth. The diagram shows the cumulative
contribution of the industries to aggregate growth on the y-axis and
the cumulative share of these industries on the x-axis. It is based on
a dataset of industries and their contributions to aggregate growth,
calculated as outlined in section 5.2. The industries are first ranked
by growth rate to ensure a concave diagram, so the fastest growing
industries are to be found near the origin. The resulting pattern can
have a more yeasty or more mushroom-like character, depending on
the number of industries contributing positively to aggregate growth
and the distribution of growth rates. Growth is yeasty when it is broad-
based and takes place in many industries or firms. Mushroom-like
growth indicates a pattern in which only a limited number of industries
contribute positively to aggregate growth.3

For illustration purposes, Figure 5.14 shows two examples of
Harberger diagrams. For easy comparison, the sum of the industry
contributions is the same for both diagrams, implying equal aggregate

3 The analogy with yeast and mushrooms comes from the fact that yeast causes
bread to expand slowly and evenly, while mushrooms are scattered and pop up
almost overnight, in a fashion that is not easy to predict (Harberger 1998).
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Figure 5.14. Examples of Harberger diagrams.

growth. The diagram on the left is an example of mushroom-type
growth. Not all industries have positive growth, as the downward-
sloping part of the diagram implies some industries have negative
growth. The diagram on the right is an example of more yeasty, bal-
anced growth. It is closer to the straight diagonal line, so the growth
rates of the industries are relatively close to each other and, in addition,
all industries have positive growth.

Diagrams such as these can be useful in quickly identifying how
important certain industries are in achieving growth. To compare
diagrams of different shapes and with different levels of aggregate
growth, Inklaar and Timmer (2007a) devised some useful summary
statistics of the Harberger diagram. Figure 5.14 illustrates that the
general shape of the diagram can be summarised by three statistics,
namely:

(1) aggregate growth, which is the sum of industry contributions
(2) the cumulative share of industries with positive contributions, as

an indicator of the pervasiveness of growth4

(3) the curvature as measured by the area between the diagram and
the diagonal line (the shaded areas in Figure 5.14) divided by
the total area beneath the diagram; this relative area measure lies
between 0 and 1; it is 0 when all industries have equal growth; when

4 Harberger (1998) stresses the importance of the shares of industries that
together make up aggregate growth. In other words, he focuses on the crossing
of the aggregate growth line in Figure 5.14. We feel that a split between
industries with positive growth and those with negative growth is a more
natural distinction.
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Table 5.8. Patterns of market economy MFP growth, 1980–2005

Aggregate MFP
growth

Percentage of
industries with
positive MFP
growth

Relative area
under Harberger

1980–95
1995–
2005 1980–95

1995–
2005 1980–95

1995–
2005

Austria 1.3 1.1 81 74 0.41 0.53
Belgium 0.7 0.0 63 39 0.61 0.99
Denmark 1.1 0.1 73 53 0.54 0.93
Finland 1.4 2.6 73 91 0.43 0.39
France 1.3 0.8 68 56 0.55 0.58
Germany 0.8 0.3 73 59 0.50 0.81
Italy 0.8 −0.7 65 29 0.62 0.56
Netherlands 0.4 1.0 64 63 0.75 0.53
Spain 0.6 −0.9 63 23 0.71 0.49
Sweden 1.7 1.6 68 59 0.64 0.51
United Kingdom 1.6 0.9 74 78 0.40 0.44
European Union 1.0 0.4 73 59 0.47 0.69
USA 0.7 1.3 61 73 0.63 0.48

Note: Harberger summary statistics; see main text.
Source: See Table 5.1.

industry growth rates start to diverge, the relative area increases
to a maximum of 1.5

In Table 5.8 we report aggregate MFP growth, the share of indus-
tries with positive MFP growth and the relative area underneath the
Harberger diagram for European countries and the USA before and
after 1995. The column with aggregate MFP growth shows the famil-
iar picture of a decline in MFP growth in most European countries
and an increase in the United States. What is novel is that in many
cases the decline in aggregate MFP growth coincides with an increase
in the number of industries showing declines in MFP. To illustrate:

5 In practice, the diagrams are not smooth as in Figure 5.15, as we have a discrete
number of industries. Instead, they consist of piecewise linear plots. This means
that the area underneath the diagram can be calculated as the sum of triangles
and squares.
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Figure 5.15. Harberger diagrams of market economy MFP growth in the EU
and USA, 1995–2005. (Source: See Table 5.1.)

before 1995, almost three-quarters of the industries in Europe had
positive MFP growth, while after 1995 this share had dropped below
60 per cent. Furthermore, the relative-area statistic increased from 0.5
to 0.7, implying that growth had become more concentrated among
a few industries, i.e. had become more mushroom-like. MFP growth
in the USA is marked by the reverse pattern: increasing aggregate
growth, a larger share of industries with positive MFP growth and a
more yeast-like pattern as evidenced by the decline in relative area.
This is not a uniform relationship though. For instance, in Spain,
MFP growth declined (and even became negative), but the relative
area declined as well, implying a broad-based decline. MFP growth in
Belgium after 1995 also stands out: while aggregate growth is zero,
almost 40 per cent of industries had positive MFP growth. This is
also an illustration of extremely mushroom-like growth as the rel-
ative area is almost 1. In other words, each of these three statis-
tics conveys distinct information about the patterns of growth across
industries.

Figure 5.15 shows the MFP Harberger diagrams for the period
1995–2005 for Europe and the USA. European growth is characterised
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Figure 5.16. Harberger diagrams of market economy MFP growth in the EU,
1980–95 and 1995–2005. (Source: See Table 5.1.)

by a mix of industries contributing positively and negatively to aggre-
gate growth. In the USA, the MFP growth process is clearly more
yeast-like with only a few industries showing negative growth and
the positive contributions adding up to almost 1.6 per cent. These
diagrams therefore suggest that the growth gap between Europe
and the USA is broad-based: numerous industries show positive
growth in the USA and negative growth in Europe. The alternative
would have been a more mushroom-like pattern, for instance if the
growth gap could have been fully attributed to a larger contribu-
tion from a limited set of industries like ICT production and retail
trade.

Figure 5.16 shows the pattern of the European MFP slowdown after
1995 in Harberger diagrams for both periods. A common factor in
both periods is the large negative contribution from business services
(the rightmost industry in the diagram in both periods). However, for
the 1980–95 period, the contribution was smaller since the average
value added share of business services was only 10 per cent rather
than the 15 per cent for 1995–2005. In addition though, the 1995–
2005 period shows considerably more industries with MFP declines.
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These declines show up in some manufacturing industries but also in
construction and motor vehicle trade. In contrast, growth held up well
in some industries, such as ICT manufacturing, telecommunication
services and utilities. The result of this is a more mushroom-like MFP
growth process.

The Harberger tool can be used in analysing more than just the
industry pattern of MFP growth. Indeed, another useful application is
analysing industry investment patterns. The theory of general-purpose
technologies (for example, Bresnahan and Trajtenberg 1995) suggests
that a new technology spreads across the economy as the new technol-
ogy becomes cheaper and more industries have invested in the comple-
mentary assets. During this initial adoption phase, it might be expected
that the industry pattern of ICT-capital growth would be mushroom-
like, as some industries are new and rapidly adopting the new tech-
nology, while other industries, which have already been through this
phase, are on a more gradual expansion path for their ICT-capital
stock, based on the continued cost declines of those assets. On the
other hand, once all industries have started using ICT and are past
the initial adoption phase, we would expect a very yeast-like process.
Figure 5.17 shows the Harberger diagrams for ICT-capital growth
in Europe and the USA, for the period 1995–2005. In both regions,
growth in ICT capital is very yeast-like. Indeed, the relative-area statis-
tic is 0.13 in Europe and 0.14 in the USA. Also, all industries in the
USA have positive ICT-capital growth and all but one have positive
growth in Europe. In other words, all industries have gone through
an initial adoption period and are now steadily expanding their ICT-
capital stocks. This does not mean that ICT is equally important in all
industries, but it does mean that given differences in investment rates,
the growth rates are very similar.

In summary we would argue that the Harberger diagram provides
a useful additional tool to explore growth of productivity or other
variables and provides an illuminating summary description of the
growth process.

5.7 Concluding remarks

In this chapter we considered the contribution of industries to aggre-
gate growth based on an in-depth analysis of data for twenty-six indus-
tries. Rather than looking at broad industry groups, we have analysed
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Figure 5.17. Harberger diagrams of market economy ICT capital growth in
the EU and USA, 1995–2005. (Source: See Table 5.1.)

trends in input use and productivity growth across all industries to get
a more precise insight into the reasons for the European slowdown
since the mid 1990s and for the growth gap with the USA that has
opened up since then.

In line with our findings in Chapter 4, we find a pervasive trend
of increasing use of ICT capital and skilled labour over time in all
industries, both the EU and the USA. Europe lags the USA in this
respect, as in twenty-four out of twenty-six industries, the contribu-
tion of ICT was higher in the USA than in the EU during the period
1995–2005. This is driven by differences between the two regions
in the shares of ICT in output, rather than by differences in growth
rates. This in turn reflects the earlier adoption of this technology in the
USA. Nevertheless, the ranking of industries in terms of their contri-
bution is rather similar in the two regions. Changes in labour compo-
sition in the period from 1995 are highest in industries that intensively
use high-skilled labour, such as business and financial services, and
the contribution from this source of growth is noticeably higher in
the USA than in Europe. These findings are consistent with a large
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literature that emphasises the complementarity between ICT and
skilled labour.

At the same time, by sharpening the picture we also find that
aggregate trends conceal much heterogeneity among the industries.
The European labour productivity growth slowdown after 1995 was
widespread and took place in twenty out of twenty-six industries.
Growth rates only increased substantially in post and telecommunica-
tions, utilities and finance. All manufacturing industries (except other
manufacturing) experienced a strong slowdown in labour productivity
growth due to slower increases in capital intensity and MFP. While
in the past, increases in the use of capital per hour worked were a
major driver of growth, this was no longer the case as contributions
declined strongly in all manufacturing industries. In addition to lack-
lustre investment, improvements in the efficiency with which labour
and capital were used also faltered as MFP growth rates declined in
almost all manufacturing industries. Declines were especially strong in
technologically less sophisticated industries such as textiles, paper and
food manufacturing, but also took place in more high-tech industries
such as chemicals and transport equipment. Only in electrical equip-
ment manufacturing did MFP growth rates improve. The pervasive
nature of the manufacturing slowdown suggests that economy-wide
factors may be important, especially the moderation of wage growth
in Europe following the implementation of policies to raise the employ-
ment rate and the consequent reduction in incentives to substitute cap-
ital for labour.6 Low- and medium-tech manufacturing also suffered
from global competition from new EU member states and the emerging
economies, especially India and China.

In addition to manufacturing, agriculture, mining and construction
were important sources of growth in Europe before 1995, but growth
also faltered in these sectors. In mining the declining contribution is
related to a sharp downfall in the contribution of capital. Lower con-
tributions from agriculture are an echo of the end of the rationalisation
process and depletion of catch-up potential in most European countries
as indicated by faltering MFP growth. Construction was one of the few
goods-producing industries in which employment actually increased in
the 1990s and this building boom led to a decline in efficiency as MFP
growth even became negative.

6 See Dew-Becker and Gordon (2008) for more evidence on this.
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As discussed before, the European slowdown is all the more surpris-
ing given the acceleration in the US economy. During the period 1995–
2005, labour productivity growth was higher in the USA in nineteen
out of twenty-six industries and this was mainly due to higher con-
tributions from ICT capital (twenty-three industries) and from MFP
(sixteen industries). The analysis using Harberger diagrams highlights
the different industry patterns of growth in the two regions. While
MFP growth in the EU manifests as a mushroom pattern with positive
contributions concentrated in a few sectors, positive MFP growth in
the USA was more widespread across industries, showing a more yeast-
like pattern. Weighted by shares in value added, the EU–US aggregate
growth difference is mainly due to smaller contributions from electrical
equipment manufacturing, business services and automotive, whole-
sale and retail trade services. The gap in electrical equipment manu-
facturing is fully due to much higher rates of innovation in the USA
as indicated by superior MFP growth. Higher growth contributions
from trade industries in the USA are related to higher use of ICT and
in particular faster technological change than in the EU. Business ser-
vices in the EU experienced strong increases in employment and high
levels of investment, but the efficiency with which they were being
used declined, as indicated by negative MFP growth. In contrast, rapid
investment in both ICT and non-ICT capital in the USA took place
while efficiency was maintained.

All in all, this chapter has demonstrated that a detailed industry
analysis is an important first step in understanding sources of compar-
ative growth. The subsequent chapters provide additional analysis of
the determinants of slow productivity growth in Europe.
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Table 5A.1. Growth accounts by industry, EU, 1980–2005

1980–1995 1995–2005

Contributions from Contributions from

Industry

EU

KLEMS

code

Labour

productivity

Labour

composition

ICT

capital

per hour

Non-

ICT

capital

per hour

Multi-factor

productivity

Labour

productivity

Labour

composition

ICT

capital

per hour

Non-

ICT

capital

per hour

Multi-factor

productivity

Agriculture A–B 5.8 0.3 0.0 0.5 5.2 3.0 0.3 0.0 0.6 1.8
Mining C 6.6 0.3 0.2 5.7 0.4 1.3 0.0 0.2 2.8 −1.6
Food and beverages 15–16 2.1 0.3 0.3 1.1 0.4 0.7 0.4 0.2 0.4 −0.3
Textiles and

footwear
17–19 3.4 0.4 0.2 1.1 1.8 1.6 0.4 0.2 0.9 −0.1

Wood products 20 2.9 0.1 0.1 0.6 2.1 2.8 0.1 0.2 0.6 1.8
Paper, print and

publ.
21–22 2.5 0.1 0.4 1.1 0.8 1.9 0.3 0.5 0.8 0.3

Petroleum ref. 23 3.4 0.1 0.5 2.4 0.6 −2.3 0.2 0.1 1.0 −3.5
Chemicals 24 5.9 0.2 0.3 1.2 4.2 2.8 −0.2 0.3 0.8 1.9
Rubber and plastics 25 4.1 0.3 0.2 0.9 2.8 3.0 0.4 0.3 0.7 1.7
Non-metallic

mineral
26 3.4 0.3 0.2 1.4 1.6 2.6 0.3 0.2 0.9 1.1

Metal 27–28 2.3 0.3 0.1 0.7 1.2 1.4 0.4 0.2 0.4 0.5
Other machinery 29 2.9 0.4 0.3 0.8 1.5 1.7 0.3 0.3 0.3 0.7
Electrical

Equipment
30–33 4.9 0.4 0.4 1.0 3.0 4.9 0.3 0.6 0.6 3.3

Transport
equipment

34–35 4.0 0.6 0.2 1.0 2.0 2.6 0.4 0.3 0.5 1.4

Other
manufacturing

36–37 1.2 0.4 0.2 0.6 0.0 1.4 0.3 0.3 0.5 0.2

Utilities E 3.6 0.3 0.4 2.0 1.0 5.1 0.1 0.3 2.2 2.5
Construction F 1.3 0.1 0.1 0.4 0.7 0.2 0.2 0.1 0.5 −0.6
Automotive trade 50 2.0 0.2 0.2 0.7 0.9 0.9 0.3 0.3 0.5 −0.3
Wholesale trade 51 2.2 0.1 0.5 0.8 0.8 2.3 0.0 0.6 0.6 1.1
Retail trade 52 2.3 0.3 0.1 0.2 1.7 1.3 0.2 0.2 0.4 0.4
Hotels and rest. H −1.0 0.3 0.1 0.2 −1.4 −0.3 0.2 0.1 0.3 −1.0
Transport 60–63 3.0 0.3 0.3 0.5 2.0 1.8 0.2 0.4 0.6 0.6
Post and telecom. 64 4.6 0.2 1.3 0.8 2.2 7.6 0.2 1.6 0.8 4.9
Finance J 1.4 0.3 1.1 0.4 −0.2 2.6 0.3 1.2 0.2 1.0
Business services 71–74 0.1 0.5 0.6 0.6 −1.6 −0.2 0.3 0.9 0.2 −1.7
Other services O −0.1 0.4 0.3 0.3 −1.1 −0.2 0.0 0.3 0.2 −0.8

Notes: Growth accounting decomposition of labour productivity growth (annual compound growth rates) by industry. Numbers may not sum
exactly because of rounding.
Source: See Table 5.1.



6 Productivity levels and convergence

6.1 Introduction

When analysing cross-country patterns, growth accounts provide only
a partial analysis. It is now widely accepted that understanding the
pattern of cross-country growth and productivity requires estimates of
relative levels. Models in the technology-gap tradition consider tech-
nological effort as the main determinant of income differences between
countries and international technology diffusion as the driving force
for catch-up. The rate of catch-up of one country with another depends
upon the two forces of innovation and imitation. Innovation refers to
the creation of new technologies unknown to the world and imitation
refers to the spillover of existing technologies from leading to following
countries. The larger the distance from the world technology frontier,
the higher the rate of diffusion to a follower might be. But the cost of
imitation rises as the pool of non-copied ideas becomes smaller and the
potential for growth decreases. The effectiveness of educational sys-
tems, technology policies and market regulation might thus crucially
depend on the distance to the technology frontier (Fagerberg 1994).1

In the same vein, Aghion and Howitt (2006) suggest that the post-
World War II catch-up of European economies to the USA has slowed
down as the technology gap with the USA has narrowed. Policies and
institutions which facilitated imitation of technologies in the past are
not well suited for growth close to the technology frontier. The latter
should be based on innovation in a competitive market environment
and rooted in a country’s own resources such as skilled labour and
research and development. Studies on the impact of these drivers of

1 This advantage of backwardness was first formulated by Gerschenkron (1962),
referring to Veblen. Abramovitz (1989) provides a broader discussion of the
conditions for catch-up and Fagerberg (1994) provides an overview of the early
literature.

189
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economic growth rely heavily on level measures of multi-factor produc-
tivity to indicate the distance of a country to the technology frontier.2

Comparisons of input and productivity levels also provide new
insights into the differences in production structures across countries,
such as in the use of ICT capital or energy inputs. For example, it
is often hypothesised that capital–labour ratios in Europe were much
higher than in the USA because of higher wage–rental ratios (see Chap-
ter 2). They also figure prominently in cross-country studies of tech-
nology spillovers, multi-sector growth and dynamic models of trade.3

Inklaar and Timmer (2008b) provided the first comprehensive set of
comparative productivity levels at the industry level for a large set of
OECD countries that allow such analyses, in the form of the GGDC
Productivity Level database. It is based on a new set of purchasing
power parities (PPPs) for both output and intermediate inputs at the
detailed industry level. In addition, novel measures of labour and cap-
ital inputs are used that take account of differences in the composition
of each input, such as different levels of skills or types of capital goods
such as ICT and other assets. We drew extensively on this database
in our analysis of comparative EU–US performance in Chapter 2 and
again use it extensively here.

In this chapter we describe the main features of the level account-
ing methodology and data sources employed by Inklaar and Tim-
mer (2008b) to construct the GGDC Productivity Level database. We
also provide various applications to illustrate its usefulness and the
importance of having industry-specific measures of productivity and
prices that are rooted in neo-classical theory. Section 6.2 describes the
methodology for comparing levels of output, input and productivity
across countries. The basic methodology, grounded in neo-classical
production theory, has a long history but has never been comprehen-
sively applied in a large cross-country setting, mainly because of a lack
of suitable data. In section 6.3 we describe the basic data sources used
to implement this methodology and discuss the concepts of sectoral
output and input and purchasing power parities that play a pivotal
role. Section 6.4 provides a comparison of the crude productivity level

2 See, for example, Nicoletti and Scarpetta (2003), Griffith et al. (2004),
Cameron et al. (2005), Vandenbussche et al. (2006) and Inklaar et al. (2008).

3 See, for example, Keller (2002), Aghion and Howitt (2006) and Restuccia et al.
(2008).
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measures, previously used in the literature, and the new more data-
intensive measures. The reliability of the new estimates is discussed
in section 6.5. In section 6.6 we present productivity level compar-
isons for 2005 between the EU and the USA, and a breakdown of the
gaps in labour productivity at a detailed industry level. Section 6.7
provides a convergence analysis and illustrates the importance of hav-
ing industry-level measures of productivity. Based on technology-gap
models we investigate possible determinants of productivity growth in
section 6.8. Section 6.9 concludes.

6.2 Level accounting methodology

In this section we present our methodology for comparing levels of out-
put, input and productivity across countries, so-called ‘level account-
ing’. The methodology for level accounting is akin to the methodology
for growth accounting discussed in Chapter 3. Instead of comparing
two points in time, as in growth accounting, we compare two coun-
tries at a similar point in time (Caves et al. 1982a).4 Jorgenson and
Nishimizu (1978) were the first to apply bilateral production mod-
els to cross-country comparisons based on value added. The bilateral
gross output model was first used by Jorgenson, Kuroda and Nishimizu
(1987). Caves et al. (1982b) provide an index procedure for making
transitive multilateral productivity comparisons. Empirical applica-
tions in a large cross-country setting have been scarce, mainly because
of a lack of suitable data. Christensen et al. (1981) is an early example,
providing relative MFP levels at the aggregate level for the G7 countries
(updated in Jorgenson and Yip 2001), and Schreyer (2008) is a more
recent one. At the industry level, applications of this methodology to
small sets of countries can be found in, for example, van Ark and Pilat
(1993), O’Mahony (1999), Lee and Tang (2000), Inklaar and Timmer
(2007b) and Jorgenson and Nomura (2007).

As we are trying to construct a consistent set of productivity mea-
sures for a large number of countries and industries at the same
time, various choices have to be made not only concerning the use
of particular index number formulas, but also about their actual

4 Level accounting is also known as development accounting (see, for example,
Caselli 2005). We keep to the term ‘level accounting’ as it most clearly indicates
both the difference from and the similarity with growth accounting.
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implementation. In this section the basic methodology is laid out. This
essentially consists of two steps. In the first step, PPPs for output,
capital, labour and intermediate inputs for twenty-nine industries are
derived based on data for forty-five sub-industries. This is done with
the price variant of the multilateral index number approach intro-
duced by Caves et al. (1982b) (and also known as the CCD method).
These PPPs are used to implicitly derive quantities of all inputs (cap-
ital, labour and intermediate inputs) and output. In the second step,
productivity comparisons are made for each industry on the basis of
input and output quantities in a bilateral Törnqvist model following
Diewert (1976) and Jorgenson and Nishimizu (1978). This approach is
also known as primal level accounting.5 In this section we first outline
our basic methodology for measuring productivity; this is followed by
our approach to deriving PPPs for outputs and inputs. Our general
notation is as follows. Variable V indicates values in current national
prices and PPP indicates a relative price index across two countries.
Superscripts indicate the type of output or inputs, and subscripts indi-
cate industry j, country c and time t. However, wherever possible
we leave out the subscripts for industry and time to avoid notational
cluttering.

Multi-factor productivity

As in Chapter 3, we assume a gross output production function where
output Y is given as a function of intermediate inputs X, capital
services K, labour services L and technology T as before. Follow-
ing Jorgenson Kuroda and Nishimizu (1987), we define a bilateral
translog index of difference in multi-factor productivity between two

5 Comparisons of multi-factor productivity can be made using the so-called
‘primal’ and ‘dual’ approaches. In the primal approach, relative MFP levels are
based on comparisons of quantities as is also the case here. Alternatively, in the
dual approach they are based on comparisons of prices. Usually, productivity
measures are expressed in terms of relative quantities, as this is most closely
related to the notion of production as a physical process in which quantities of
inputs are converted into quantities of outputs. In theory, the two different
estimates should be close, but in practice this is not always the case, in particular
when production structures differ considerably between the two countries being
compared. We opt for the primal approach as we are interested in a full and
consistent decomposition of output quantities, rather than output prices.
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countries.6 Under the assumptions of competitive factor markets, full
input utilisation and constant returns to scale and using the translog
functional form common in such analyses, we can define the level
of multi-factor productivity in country c relative to the USA (AY

c ) as
follows:

ln AY
c ≡ ln

Yc

YUS
− wY

X ln
Xc

XUS
− wY

K ln
Kc

KUS
− wY

L ln
Lc

LUS
(6.1)

where the weights w are defined as the share of each input in nominal
gross output averaged over the two countries. The value share of each
input is defined as

wY
X,c = pX

c Xc

pY
c Yc

wY
K,c = pK

c Kc

pY
c Yc

(6.2)

wY
L,c = pL

c Lc

pY
c Yc

and the country average shares as

wY
X = 0.5∗(wY

X,c + wY
X,US

)
wY

K = 0.5∗(wY
K,c + wY

K,US

)
wY

L = 0.5∗(wY
L,c + wY

L,US

) (6.3)

such that they sum to unity. The measure of multi-factor productiv-
ity defined in (6.1) is an indicator of the difference in the level of
technology between country c and the USA. As it is based on the
gross output concept, it treats all inputs symmetrically and does not
put additional restrictions on the nature of the technology difference.
Our models of production are bilateral and involve comparisons of a
country c with the USA as base. We chose the USA as the base coun-
try as these comparisons generally generate the highest interest, the
USA being the overall productivity leader. Alternative bilateral com-
parisons, with other countries as the base, can be made using the same

6 Jorgenson and Nishimizu (1978) were the first to apply bilateral production
models to cross-country comparisons based on value added. The gross output
model was first used by Jorgenson, Kuroda and Nishimizu (1987).
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approach by simply replacing the USA by another base country in the
formulas given above.7

In many applications, multi-factor productivity is measured on the
basis of a more restrictive value-added function (AZ

c ). Under the nec-
essary conditions for producer equilibrium in each country, this index
is defined for a country c as follows:

ln AZ
c ≡ ln

Zc

ZUS
− wZ

K ln
Kc

KUS
− wZ

L ln
Lc

LUS
(6.4)

where the weights wZ are defined as the share of each factor input in
nominal value added averaged over the two countries. The value share
of each input is defined as

wZ
K,c = pK

c Kc

pZ
c Zc

wZ
L,c = pL

c Lc

pZ
c Zc

(6.5)

and the country average shares as

wZ
K = 0.5∗(wZ

K,c + wZ
K,US

)
wZ

L = 0.5∗(wZ
L,c + wZ

L,US

) (6.6)

Since we assume constant returns to scale, the shares of labour and
capital compensation in value added sum to unity.

The formulas indicate that comparable volume measures of output
and inputs for the countries are needed. When a single output or input
is compared, physical measures, such as numbers of cars produced or
hours worked, are possible. However, comparisons at the industry or
aggregate level require quantity indices to be calculated implicitly by
the ratio of the nominal values and the relevant price indices. This is
usually done with a purchasing power parity (PPP) that indicates the

7 The disadvantage of using bilateral models is that the level comparisons do not
satisfy transitivity. Alternatively, one can use the multilateral approach
advocated by Caves et al. (1982b), who derive translog multilateral
productivity indices that satisfy the transitivity requirement. The main reason
not to opt for a multilateral approach is that this does not provide a consistent
decomposition of relative output in terms of relative inputs and MFP levels.
This is an important disadvantage given our interest in such decompositions;
see the discussion later in this chapter.
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price of output or input in one country relative to another country.
The value-added volume index for country c is given by

Zc = VZ
c

PPPZ
c

(6.7)

where VZ
c is nominal value added in country c at national prices and

PPPZ
c the price of value added in country c relative to that in the USA.

A volume index of labour services is given by

Lc = VL
c

PPPL
c

(6.8)

with VL
c the value of labour compensation in country c (at current

national prices) and PPPL
c the price of labour services in country c

relative to that in the USA. And similarly for aggregate capital input
in country c:

Kc = VK
c

PPPK
c

(6.9)

with VK
c the nominal value of capital compensation in country c and

PPPK
c the relative price of capital services in country c. It is important to

note here that the measure of K will crucially depend on the approach
taken to measuring capital services. In the ex-post approach it will
be the same measure as used as the weight in (6.4). In the so-called
hybrid approach followed by Inklaar and Timmer (2008b), VK

c will
be based on ex-ante measures of rates of return and be different from
this weight (see section 6.4 for further discussion).

The PPPs for outputs and inputs required in (6.7)–(6.9) are derived
on the basis of detailed sets of output and input prices.8 Prices are
aggregated using the multilateral translog price indices introduced by
Caves et al. (1982b) (CCD indices). In this methodology an artificial
country is created by averaging over all countries in the dataset, and
this constructed country is used as a bridge when making binary com-
parisons between two countries. This creates so-called transitive PPPs
that are base-country independent. As with our MFP indices, the PPPs

8 We aggregate over prices rather than over quantities as variation in prices
across countries is much less than variation in quantities (see also Allen and
Diewert 1981).
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are normalised with the USA at unity. This is further discussed in
section 6.3.

Labour and capital volume indices grounded in production theory
should take into account the composition of each factor input, such
as different levels of skills or types of capital goods, in particular ICT
versus non-ICT assets. For labour, this can be achieved by deflation
with an appropriate PPP (PPPL

c ) based on relative wages of each labour
type l, as follows:

ln PPPL
c =

∑
l

wL
l

[
ln PPPL

l,c − ln PPPL
l

]
(6.10)

where the bar in the last term indicates a geometric average over all
countries indexed by c running from 1 to N, and N is the number of
countries. ln PPPL

l = 1/N
∑

c ln PPPL
l,c and wL

l is the average weight
of labour type l defined as wL

l = 1
2 [wL

l,c + �c(wL
l,c/N)] with wL

l,c the
share of labour type l in total labour compensation in country c: wL

l,c =
VL

l,c/V
L

c . The PPP for each labour type is derived on the basis of relative
wages as described in section 6.3.

The derivation of an appropriate capital PPP is similar to that of a
labour PPP. Suppose one has a PPP for each capital asset type k, then
the aggregate capital PPP is given by:

ln PPPK
c =

∑
k

wK
k

[
ln PPPK

k,c − ln PPPK
k

]
(6.11)

with weights and averages defined analogously as for labour.
For the deflation of value added, a double-deflation procedure is

used based on separate PPPs for gross output and intermediate inputs
as required (Jorgenson, Kuroda and Nishimizu 1987). We follow a
CCD-like approach by taking a geometric mean of all possible binary
Törnqvist indices for a particular country c. First, we calculate the
binary value-added PPP for each country pair (c,d) as follows:[

ln PPPZ
c − ln PPPZ

d

]
= 1

1 − wY
X

[(
ln PPPY

c − ln PPPY
d

) − wY
X

(
ln PPPX

c − ln PPPX
d

)]
(6.12)

The weight wY
X is the share of intermediate inputs in gross output,

averaged over the two countries. PPPY
c is the multilateral index for

output for country c and derived analogously to the derivation of
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labour PPPs, but now using shares of output types in total output
value as weights, and similarly for PPPX

c , which is the multilateral
index for intermediate input. Finally, a Gini-EKS procedure is applied
to multilateralise the set of value-added binaries given in (6.12), as
in Caves et al. (1982b). Together, these equations provide the system
used to derive MFP measures consistent with neo-classical production
theory.

Level accounting

One of the main applications in productivity comparisons is level
accounting. In this approach, differences in output across countries
are decomposed into differences in the weighted level of inputs and
differences in productivity. Below we discuss the decomposition of
differences in value added and in labour productivity. We split the
contribution of capital into ICT and non-ICT assets and the contribu-
tion of labour into total hours worked (H) and differences in labour
composition (LC). Rearranging (6.4):

ln
Zc

ZUS
= wZ

ICT ln
K ICT

c

K ICT
US

+ wZ
N ln

K N
c

K N
US

+ wZ
L ln

LCc

LCUS
+ wZ

L ln
Hc

HUS
+ ln AZ

c (6.13)

where wZ
ICT is the share of ICT-capital compensation in value added,

averaged over the two countries, and similarly for non-ICT. Various
applications of the level-accounting methodology rely on a decom-
position of labour productivity (value added per hour worked). This
decomposition can be derived by subtracting hours worked from the
left- and right-hand sides of (6.13). Let z be labour productivity defined
as the ratio of value added to hours worked, z = Z/H and k the ratio
of capital services to hours worked, k = K/H; then

ln
zc

zUS
= wZ

ICT ln
kICT

c

kICT
US

+ wZ
N ln

kN
c

kN
US

+ wZ
L ln

LCc

LCUS
+ ln AZ

c

(6.14)

This equation shows the four different sources of differences in labour
productivity levels across countries, namely differences in labour
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Table 6.1. Example of input and output comparison, transport
equipment manufacturing, Germany and USA, 1997

Nominal values

Germany
(€ billion)

US
($ billion) PPP (€/$)

Relative volume
(Germany/USA)

Sectoral output 141.8 454.8 1.25 0.25
Sectoral intermediate

inputs
87.2 291.5 0.96 0.31

Energy 2.7 3.7 1.32 0.55
Materials 63.0 180.1 0.94 0.37
Services 21.5 107.8 1.02 0.20

Gross value added 54.7 163.2 2.04 0.16
Labour 43.1 122.6 1.36 0.26

High-skilled 10.4 34.9 1.32 0.23
Non-high-skilled 32.8 87.7 1.37 0.27

Capital 11.6 40.6 1.13 0.42
ICT capital 1.3 10.5 0.94 0.22
Non-ICT capital 10.2 30.1 1.16 0.48

Notes: Relative volumes are derived as nominal value of Germany divided by the
corresponding PPP over the nominal value of the USA, except for capital. Rela-
tive volumes for capital are determined based on the ex-ante approach to capital
measurement; see main text.

composition, ICT capital per hour worked, non-ICT capital per hour
worked and MFP. The calculation of productivity measures and the
decomposition are defined according to the formulas above at each
level of industry aggregation. As such it follows the approach in the
EU KLEMS Growth Accounts described in Chapter 3.

It is useful at this stage to present an example of the level accounting
method to give a flavour of the type of results that can be derived.
We use a comparison of output, inputs and productivity in transport
equipment manufacturing between Germany and the USA in 1997. In
Table 6.1 we give an overview of the nominal output and inputs in
each country and the corresponding PPPs. The values in the first two
columns are at national prices and given in euro for Germany and
dollars for the USA. The PPPs in the third column are given in euro
per dollar. These PPPs are based on industry-specific prices of outputs
and detailed inputs. They show that energy inputs and, particularly,
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labour are more expensive in Germany than in the USA, while mate-
rials and ICT capital are relatively cheap. In the final column we give
relative volumes derived as nominal value for Germany divided by the
corresponding PPP over the nominal value for the USA, except for cap-
ital. Relative volumes for capital are determined based on the ex-ante
approach to capital measurement (see section 6.3). The final column
shows that US transport equipment output is four times greater than
in Germany. The production in the USA uses relatively less energy
and non-ICT capital, but more services inputs and ICT capital than in
Germany.

Table 6.2 builds upon these results and provides a decomposition of
value added and labour productivity (value added per hour worked)
levels in Germany compared to the USA. The contributions of inputs
to the output gap with the USA are based on multiplying the relative
input levels by their share in value added as in (6.13). The residual
is the difference in multi-factor productivity (MFP). The table shows
that MFP in German transport equipment manufacturing in 1997 was
only 57 per cent of the US level. The final columns provide the decom-
position of value added per hour worked based on (6.14). The labour
productivity level in Germany was only 60 per cent of the US level and
this gap is clearly due to the gap in MFP. There is less use of skilled
labour in Germany but this is more than compensated for by the higher
use of non-ICT capital. Instead, it is the efficiency with which labour
and capital is used that drove the gap between Germany and the USA
in 1997.

Extrapolation

Level estimates are typically made for a benchmark year. There are two
basic ways to extend the benchmark over time, say from 1997 to 2005.
One approach is to use volume growth rates of output and inputs for
the period 1997–2005 and apply these to the benchmark. The alter-
native is to derive a new set of PPPs for 2005 and apply those to
nominal values for the same year. Unfortunately, the two approaches
typically do not deliver the same result. The second approach is the-
oretically preferable as it takes into account the prices and quantity
structures of the year under consideration. It provides a snapshot of the
comparative performance in year 2005. This is also known as current-
PPP comparisons, indicating that for the comparisons, PPPs from the



T
ab

le
6.

2.
E

xa
m

pl
e

of
le

ve
la

cc
ou

nt
in

g,
tr

an
sp

or
t

eq
ui

pm
en

t
m

an
uf

ac
tu

ri
ng

,G
er

m
an

y
an

d
U

SA
,1

99
7

A
ve

ra
ge

sh
ar

e
in

va
lu

e
ad

de
d

R
el

at
iv

e
le

ve
l

(G
er

./U
SA

)

C
on

tr
ib

ut
io

n
to

lo
g

va
lu

e-
ad

de
d

ga
p

R
el

at
iv

e
le

ve
l

pe
r

ho
ur

(G
er

./U
SA

)

C
on

tr
ib

ut
io

n
to

lo
g

va
lu

e-
ad

de
d

pe
r

ho
ur

ga
p

V
al

ue
ad

de
d

10
0.

0
0.

16
−1

.8
1

0.
59

−0
.5

2
L

ab
ou

r
in

pu
t

77
.0

0.
26

−1
.0

4
0.

00
−0

.0
5

H
ou

rs
w

or
ke

d
77

.0
0.

28
−0

.9
9

0.
00

0.
00

L
ab

ou
r

co
m

po
si

ti
on

77
.0

0.
94

−0
.0

5
0.

94
−0

.0
5

C
ap

it
al

in
pu

t
23

.0
0.

42
−0

.2
0

1.
51

0.
09

IC
T

4.
4

0.
22

−0
.0

7
0.

81
−0

.0
1

N
on

-I
C

T
18

.6
0.

48
−0

.1
3

1.
75

0.
10

M
FP

(v
al

ue
-a

dd
ed

ba
se

d)
−0

.5
7

0.
57

−0
.5

7

N
ot

es
:L

ev
el

ac
co

un
ti

ng
ex

am
pl

e
of

di
ff

er
en

ce
in

va
lu

e
ad

de
d

an
d

la
bo

ur
pr

od
uc

ti
vi

ty
(v

al
ue

ad
de

d
pe

r
ho

ur
w

or
ke

d)
be

tw
ee

n
G

er
m

an
y

an
d

th
e

U
SA

,b
as

ed
on

(6
.1

3)
an

d
(6

.1
4)

.R
el

at
iv

e
vo

lu
m

es
ta

ke
n

fr
om

T
ab

le
6.

1.



Productivity levels and convergence 201

current year are used. On account of the heavy data requirements of
new benchmarks, the benchmark extrapolation alternative is widely
used instead. It is known as the constant-PPP approach, indicating
that PPPs from a benchmark year are used to make comparisons out-
side that year. Constant- and current-PPP comparisons will differ on
account of standard substitution biases well-known in the price index
number literature. In an international context, they are referred to as
time–space inconsistencies or the ‘tableau effect’.9 The inconsistency
can be significant when relative price and quantity structures between
countries and over time differ considerably, for example if there is a
wide gap between successive benchmark comparisons, or when growth
and structural change in a country is rapid. Typically, these biases will
be greater the further one moves away from the benchmark year.

6.3 Basic data for productivity level comparisons

In this section we provide a short discussion of the underlying sources
of the GGDC Productivity Level database.10 This database provides
productivity level comparisons for thirty OECD countries at a detailed
industry level using the methodology outlined in section 6.2. These
comparisons are made only for a benchmark year, 1997. The database
is based on two main sets of data: a set of national input-output tables
for the nominal values of output and inputs, and a set of PPPs for
deflation. We discuss each in turn.

Sectoral output and inputs

An important consideration when making cross-country comparisons
is the effect of differences in the degree of integration of firms within
an economy. In some countries, an industry may be made up of many

9 Summers and Heston (1991, p. 340) coined the term ‘tableau effect’ and
provided a discussion in the context of the International Comparisons Project.
Various smoothing methods can be used to straighten out these differences
(see, for example, Krijnse-Locker and Faerber 1984), but this implies that, in
the process, benchmark PPPs and/or national price series are modified
compared to the original estimates. This is discussed in detail in Appendix 2 of
Inklaar and Timmer (2008b). See Feenstra, Ma and Rao (2009) for an original
attempt based on econometric smoothing techniques.

10 See Inklaar and Timmer (2008b) for more details.
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small firms that only handle part of the production process, while in
other countries, firms may be more integrated. In the former case,
there will be more intra-industry trade of intermediate products, and
the industry will use more of its own production. This has conse-
quences for comparisons of output and input levels across countries.
In this study we make use of the so-called sectoral output and input
concepts, as introduced by Domar (1961), in which intra-industry
deliveries are netted out. Essentially, each industry is considered to be
completely integrated, i.e. all individual production units in an industry
are combined into a single unit. This assumption is made at all levels of
aggregation. Sectoral output measures will be identical to gross output
at the firm level, but as these move up the hierarchy of industries, they
move closer and closer to value added. Similarly, sectoral intermediate
input measures approach total imports at higher aggregation levels.
Indeed, at the level of the total economy sectoral output is equal to
gross domestic product (GDP) plus imports and sectoral intermedi-
ate input is equal to imports, as all domestic inter-industry deliveries
have been netted out.11 Using the terminology of Durand (1996), this
approach can be called aggregation with integration, as opposed to
aggregation without integration. The main advantage of the aggrega-
tion with integration approach is that differences in integration across
countries will not distort relative measures of inputs and productivity.
A simple example can illustrate this point.

Suppose that we want to compare output, input and productivity
in motor car manufacturing in two countries, A and B. Assume for
simplicity that in both countries 10 cars are produced, using 10 units
of labour. The countries only differ in the number of firms: two in
country A and only one in country B. The first firm in country A pro-
duces car components (engines, bodies, wheels etc.) using 5 units of
labour. The second firm does the final assembly and produces 10 final
cars, using 5 labour units to put together the car components produced
by the other firm. In country B the two activities (car part production

11 To be more precise, sectoral output at the aggregate level equals GDP at basic
prices plus imports at purchasers’ prices; see Aulin-Ahmavaara and Pakarinen
(2007) for a discussion. The term ‘sectoral’ was suggested by Gollop (1979).
This name is somewhat unfortunate, as the concept ‘sector’ is used by
statisticians to indicate institutional sectors. Nevertheless, we keep to the use
of sectoral output and input concepts to indicate the outputs and inputs of a
fully integrated sector.
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and assembly) are integrated in just one firm. So, by construction, the
sectoral output (10 cars) and inputs (10 labour units) are the same
in both countries, as the intra-industry trade of components between
the two firms in country A is netted out. Similarly, productivity lev-
els are identical by definition. However, when outputs and inputs are
aggregated in country A without integration, differences will appear.
Suppose that the output of car components of firm 1 is 5 units.12 Then
the total output in country A of firms 1 and 2 will be 15 (= 10 + 5),
and the total intermediate inputs will be 5. This would suggest that car
manufacturing in country A uses more intermediates than in country B.
Similarly, standard multi-factor productivity (MFP) measures in A will
be lower than in B, as the input–output ratio of the aggregated sector
is higher than the input–output ratio of the integrated sector.13 In the
extreme case of infinite fragmentation, MFP would tend to zero, inter-
mediate input–output ratios to unity and labour– and capital–output
ratios to zero. Hence comparisons of input and productivity across
countries will be sensitive to differences in the degree of integration.
This is clearly an undesirable characteristic of standard non-integrated
measures.

In addition, there is a statistical reason for using sectoral measures.
National statistical offices are known to differ in their recording of
intra-firm deliveries. This will partly depend on the unit of activity
which is surveyed (establishments or enterprises) and the treatment of
sub-contracting transactions. Therefore we prefer to use sectoral mea-
sures in international comparisons.14 Inklaar and Timmer (2007b)
provide a numerical example of the transport equipment manufactur-
ing industry and show that the use of sectoral output measures is also
empirically relevant, besides being conceptually preferable. Ratios of
sectoral to gross output vary from a low 1.1 in the Netherlands, to
over 1.3 in France and the USA. Also the shares of inputs in out-
put change drastically. Typically, the share of material inputs declines

12 For simplicity we abstract from incorporating prices in the example and
assume unit prices for all goods.

13 This follows from the identity that nominal output is equal to the value of
intermediate inputs and value added. With integration, output and
intermediate input are reduced by the same amount, while value added
remains the same. Hence, the ratio of intermediates over output will be lower.

14 When not all establishments of a firm belong to the same industry, this
problem cannot be completely solved by using integrated measures.
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when many of these inputs (parts and components) are produced in
the same industry. In contrast the share of intermediate services and
factor inputs increases.

Measures of sectoral output and input require industry-by-industry
input-output tables (IOTs) with separate information on domestic and
imported supplies of commodities. IOTs are not available for all coun-
tries in a common benchmark year and we used supply and use tables
(see data description below) to construct comparable IOTs in the fol-
lowing way. Let SD be the domestic supply matrix of a particular
country (product×industry) of dimension n×m with n products and
m industries, qD the vector of total domestic supply by product (n×1),
qI a separate vector for imports (n×1) and q total supply (q = qD

+ qI). Further, let U indicate the intermediate part of the use table
(product×industry) of dimension n×m, to be split into domestic (UD)
and imported (UI) such that U = UD + UI. Similarly IID and III indi-
cate the domestic and imported intermediate part of the input-output
table (industry×industry) of dimensions m×m with II = IID + III.

The first step is to split the use table into domestic and imported. For
this, we assume that the import-share of a product used by an industry
is constant over all using industries. This import-share is derived from
the supply table by dividing imports by total supply for each product
as follows:

UI = q̂I q̂−1U (6.15)

where q̂ is the diagonal matrix with the elements of vector q on its
main diagonal and zeroes elsewhere. The domestic use table is then
easily derived as the difference between U and UI:

UD = U − UI (6.16)

Next, one needs to transform supply and use tables into input-output
tables. There are various ways to do this, depending on the assump-
tions made (see, for example, Eurostat 2002 chap. 11). We use the
so-called ‘fixed product-sales structure’ assumption where each prod-
uct has its own specific sales structure, irrespective of the industry
where it is produced. This assumption is more plausible than its alter-
native (fixed industry-sales structure).15 Under the assumption, the

15 Plausibility will depend on the nature of secondary production. Often, the
structure of demand for the secondary products is rather different from the
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intermediate part of the domestic input-output table is derived as fol-
lows:

IID = (SD)′(q̂D)−1UD (6.17)

where a prime is used for transposition. Similarly, imported interme-
diates are derived as follows, implicitly assuming a similar industry-
origin of the imported intermediates as for domestically produced:

III = (SD)′(q̂D)−1UI (6.18)

Using these matrices, sectoral intermediate input can be defined as
follows. Let IID

ij be elements of IID, that is, domestic intermediate
inputs from industry i used by industry j, and similarly for imports,
then total sectoral intermediate input used by j (II j ) is given by:

II j =
∑

i

(
IID

ij + III
ij

)
− IID

jj (6.19)

Similarly, sectoral output of industry j is defined as gross output
minus the intra-industry deliveries (IID

jj ). The data sources for these
variables are discussed next.

Input-output tables are not available for all countries in a common
benchmark year and we used supply and use tables to construct these.
The starting point of our analysis is the national supply and use table
for each country, valued in national currency for 1997. Eurostat makes
these tables available for the European countries on a common industry
classification and at a sufficient level of industry detail for the purpose
of this study. For non-European countries these tables are obtained
from the national statistical offices. They had to be adjusted to the
European industry classification. The value-added block of the tables
distinguishes only two primary factors, namely capital and labour, so
further disaggregation of these factor inputs is required. We use the
labour and capital compensation as given in the EU KLEMS database
in which a correction is made for the labour income of self-employed
workers. Total hours worked and wages for each of the eighteen

primary products. But if, for example, secondary products are mainly trade
and transport services which are delivered together with the primary products,
the fixed-industry sales structure assumption might also be a plausible
assumption. We follow the recommendation by Eurostat (2002).
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labour types are taken from the EU KLEMS database and extended
to thirty types by incorporating more detailed educational attainment
data. Capital compensation is split into three ICT assets (comput-
ers, communication equipment and software) and five non-ICT assets
(residential structures, non-residential structures, transport equipment,
other non-ICT equipment and other assets). The share of each asset in
total compensation is based on capital rental prices using the ex-ante
approach. We multiply the asset- and industry-specific rental prices
by the capital stock taken from the capital input files from the EU
KLEMS database to derive the ex-ante capital compensation by asset
(see below).16

Purchasing power parities (PPPs)

The theoretically most appropriate approach for international compar-
isons of output and productivity levels is to apply PPPs that are based
on the industry-of-origin approach. The industry-of-origin approach
was pioneered by Paige and Bombach (1959) in a comparison of the
United Kingdom and the United States. The earlier work was conve-
niently summarised by Kravis (1976). In the past two decades, this
method was further developed and used in the ICOP project (Interna-
tional Comparisons of Output and Productivity) at the University of
Groningen (van Ark and Pilat 1993; Maddison and van Ark 2002; van
Ark and Timmer 2009) and at the National Institute of Economic and
Social Research (O’Mahony 1999). There are various alternative ways
to obtain PPPs for gross output, partly depending on the data avail-
ability for individual industries. One way is to make use of producer
prices for specified products, but these are scarce. The most widely
used approach to obtain these PPPs is the unit-value-ratio method.
This method makes use of production statistics such as censuses or
business statistics surveys that record the output values and quantities
for product items. By dividing the output value by the corresponding
quantities, one obtains unit values, which can then be used for calcu-
lating unit value ratios for matched items between countries. Because
of a lack of data, this approach can only be used for a limited set

16 The summation of capital compensation over all assets will typically differ
from the capital compensation as given in the National Accounts. The latter is
used in the calculation of MFP; see below.
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of industries. In addition, unit value ratios can suffer from quality-
adjustment problems in international comparisons. Detailed product
characteristics are difficult to observe directly from production statis-
tics as they report quantity and values for product groups rather than
for specified products, and descriptions are often brief.

An alternative to the industry-of-origin approach is to use data from
internationally co-ordinated surveys on expenditure prices such as in
the International Comparisons Program (ICP) under the auspices of
the United Nations and the World Bank (Kravis et al. 1982). Since the
early 1980s the OECD has regularly published estimates of expenditure
PPPs, derived from its joint programme with Eurostat. Expenditure-
based PPP comparisons are based on purchasers’ prices of final goods
and services with a detailed product specification. Hence, to apply
them to output and productivity comparisons by industry, the PPPs
need to be reallocated from expenditure categories to industry groups.
The expenditure approach to sectoral PPPs was pioneered by Jor-
genson, Kuroda and Nishimizu (1987) and most recently applied by
van Biesebroeck (2009) and Sørensen and Schjerning (2008). In gen-
eral, PPPs based on expenditure price surveys suffer less from quality
problems as product comparisons are based on detailed specifications.
However, the approach does also have a number of drawbacks for
comparisons of output and productivity at industry level as it requires
detailed adjustments for margins, taxes and international trade. Fur-
thermore, by definition these PPPs only cover prices for final expen-
diture and do not reflect relative prices of intermediate goods. Fol-
lowing Pilat (1996), Timmer, Ypma and van Ark (2007) argue that a
mixture of PPPs derived from the expenditure and industry-of-origin
approach should be used for productivity comparisons at industry
level, and this approach is followed in the construction of the GGDC
Productivity Level database. Van Ark and Timmer (2009) provide fur-
ther discussion of the alternative approaches to PPPs for productivity
comparisons.

In the GGDC Productivity Level database, output PPPs are defined
from the producer’s point of view and are at basic prices. These PPPs
have partly been constructed using unit value ratios for agricultural,
mining and manufacturing products and transport and communication
services. For the other market industries, PPPs are based on specified
expenditure prices from Eurostat and the OECD, which were adjusted
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to industry level by using relative transport and distribution margins
and adjusting for differences in relative tax rates. PPPs have been made
transitive by applying the multilateral EKS-procedure for a set of thirty
countries (Timmer, Ypma and van Ark 2007).

Intermediate input PPPs reflect the costs of acquiring intermediate
deliveries and match the price concept used in the input-output tables,
hence at basic prices plus net taxes. The data problems in obtaining
input PPPs for individual industries are larger than for output. There
is often no input price parallel to the output PPPs. Business statis-
tics surveys and productivity censuses provide little or no information
on quantities and values of inputs in manufacturing, and for non-
manufacturing industries the information is largely absent. Moreover,
PPPs from the expenditure side, by definition, do not reflect prices of
intermediate inputs as they cover only final expenditure categories.
Therefore, we rely on a transformation of output prices into interme-
diate input prices using the supply and use tables. We assume that
the basic price of a good is independent of its use. That is, we use
the same gross output PPP of an industry to deflate all intermediate
deliveries from this industry to other industries. Unfortunately, (net)
tax matrices are not available for most countries, so gross output PPPs
cannot be adjusted for differences in tax rates across countries. As
net taxes on products are minor for most market industries, this will
probably not greatly affect our level estimates, but further investiga-
tion is needed to substantiate this claim, especially for comparisons
at a detailed level. The aggregate intermediate input PPP for a partic-
ular industry can be derived by weighting intermediate inputs at the
output PPP from the delivering industries. Imported goods are sepa-
rately identified and exchange rates are used as conversion factors for
imports.

PPPs for labour inputs are derived by dividing a country’s wage rate
by the corresponding US wage rate. This must be done at a detailed
level of aggregation as characteristics of workers vary greatly across
countries; see, for example, de la Fuente and Doménech (2006). For
example, the share of college-educated workers in the USA is typically
(much) higher than in the European countries. By having a detailed
breakdown into various labour types, we try to minimise problems
of composition in the determination of relative wages. Labour input
is cross-classified by type of education (five types), age (three types)
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and gender, into thirty groups.17 For each group in each industry,
wages per hour worked are taken from the sources underlying the EU
KLEMS labour composition estimates. They include all costs incurred
by the producers in employment of labour including taxes levied,
health cost payments, other types of insurance and contributions to
retirement pensions paid by the employer and any other financial
benefits.

Ex-ante approach to capital PPPs

Capital PPPs give the relative price of the use of a unit of capital in two
countries from the purchasers’ perspective. To obtain relative prices
for capital input, we follow Jorgenson and Nishimizu (1978). Under
the assumption that the relative efficiency of new capital goods is the
same in both countries, the relative rental price of an asset k between
country c and the base country, the USA (PPPK

k,c) is calculated as

PPPK
k,c = PPPI

k,c

(
pK

k,c/pI
k,c

)
(pK

k,US/pI
k,US

) (6.20)

with PPPI
k,c the relative investment price of asset k between country c

and the USA, and pK
k,c/pI

k,c the ratio of the user cost and the investment
price of asset k in country c (in national prices). This expression is
convenient as data on relative investment prices can be derived on the
basis of price comparisons of investment goods across countries. In the
absence of taxation the familiar cost-of-capital equation for asset type
k is given by (introducing a time subscript):

pK
k,c,t = pI

k,c,t−1rt,c + δk pI
k,c,t − [

pI
k,c,t − pI

k,c,t−1

]
(6.21)

This formula shows that the user cost is determined by the nominal
rate of return (r), the rate of economic depreciation (�) and the asset-
specific capital gains. Note that the rate of return is the same for all
asset types, and that the depreciation rate for an asset type is the same
for all countries. Ignoring second-order effects, the ratio of the user

17 Additional detail on types of education was added to the EU KLEMS database
based on unpublished work by the National Institute of Economic and Social
Research (NIESR).
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cost and investment price needed for the calculation of the PPP can be
approximated by:

pK
k,c

pI
k,c

≈ rt,c + δk −
[(

pI
k,c,t − pI

k,c,t−1

)
pI

k,c,t−1

]
(6.22)

The last term on the right-hand side indicates the asset price change.
Note that this is done for each asset type k in each industry j, using
asset-industry-specific depreciation rates and investment prices.

The rate of return can be calculated in various ways. In the EU
KLEMS growth accounts we make use of the ex-post approach, back-
ing out the industry rate of return as a residual on the basis of the
overall ex-post compensation of capital. In an alternative approach, the
rate of return is determined ex-ante. The ex-post approach is favoured
by most analysts of economic growth, although it has recently been
challenged (see discussion in Chapter 3). The practical and method-
ological reasons to opt for the ex-ante approach are especially strong in
the context of level comparisons. While in an analysis of growth over
time of one country it might be argued that possible deviations from
the assumptions of perfect markets and constant returns to scale only
change slowly, this is much harder to argue in the case of comparisons
across countries. Moreover, an important practical disadvantage of the
ex-post approach is the high volatility of the user cost of capital due to
its nature as a residual measure. Growth accounts are usually made for
analyses of growth during a period of, say, five or ten years in which
these errors are smoothed. However, level comparisons are made for
a benchmark year only and hence are highly sensitive to short-run
fluctuations in the rental prices. This causes problems especially at a
low industry and asset level, as capital compensation frequently turns
out to be low or even negative for some assets in some years. In addi-
tion, the ex-post approach is more sensitive to measurement errors,
for example concerning the classification of investment by asset type.
Given this, we base the rate of return on an ex-ante required rate of
return as indicated by ten-year government bond yields.

6.4 Productivity levels: crude versus data-intensive measures

The preceding discussion has demonstrated that a great deal of data
is required to get close to the theoretical concept of productivity as
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based on neo-classical production theory. Detailed information about
the composition and relative prices of labour and capital are needed for
an accurate comparison of input across countries and industry-specific
output prices are needed for an accurate comparison of output. But an
important question is whether all these refinements matter in practice
or whether a cruder measure that is easier to implement would give
qualitatively similar results. To examine this, we look at various alter-
native comparative measures of inputs and outputs commonly used in
the literature, and then compare a number of alternative productivity
level estimates based on varying data intensity.

In Table 6.3 we present value-added PPPs for the market economy
and four main sectors in the economy (ICT production, manufacturing,
other goods and market services) for 1997. In addition we provide
PPPs for aggregate GDP and exchange rates, as available from the
OECD, that have both been used as alternatives. To deflate industry-
level outputs and inputs, many studies rely on GDP PPPs, assuming
that the following holds:

PP̃P
Z
c, j = PPPGDP

c ∀ j (6.23)

with PPPGDP
c the overall PPP for aggregate GDP as regularly published

by Eurostat and the OECD. As noted in the literature, this approach
ignores the difference in prices across various industries as well as the
differences in prices of intermediate inputs and outputs, and this has
generally been seen as a major weakness (Sørensen 2001; Rogerson
2008). Instead, the value-added PPPs have been derived by separate
deflation of output and intermediate inputs as in (6.12). As shown
in Table 6.3, the ratio of sectoral value added to GDP PPP can vary
between 75 per cent and more than 200 per cent. The PPPs for the
market economy are generally higher than GDP PPPs. This is mainly
due to the fact that the latter includes non-market services which,
according to the OECD results, are expensive in the USA compared to
other countries. Importantly, the table shows large differences in rela-
tive prices across sectors, confirming the findings by van Biesebroeck
(2009) and Sørensen and Schjerning (2008). For example, the PPP for
other goods in Japan is much higher than the PPP for manufacturing
goods. This is mainly due to the high output prices in the agricul-
tural sector, which is famous for its weak competitiveness and strong
import protection (van Ark and Pilat 1993). The use of an overall GDP
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Table 6.4. Measures of labour input, 1997, market economy

Share of
high-skilled
workers
(percentage)

Labour
services per
hour worked
(USA = 1)

Average
hours
worked per
worker

Labour
services per
worker
(USA = 1)

Austria 5.9 0.86 1,659 0.77
Belgium 11.1 0.94 1,474 0.75
Czech Republic 8.5 0.86 2,049 0.96
Denmark 4.8 0.82 1,537 0.68
Finland 26.9 0.87 1,842 0.86
France 9.3 0.95 1,745 0.90
Germany 6.4 0.93 1,526 0.77
Hungary 10.1 0.98 2,111 1.12
Ireland 9.3 0.89 2,023 0.97
Italy 4.9 0.85 1,968 0.91
Netherlands 7.2 0.93 1,486 0.75
Portugal 4.8 0.60 1,912 0.62
Slovenia 9.7 0.83 1,897 0.85
Spain 10.1 0.86 1,768 0.83
Sweden 8.6 0.96 1,740 0.90
United Kingdom 11.0 0.88 1,797 0.86
European Union 8.3 0.89 1,710 0.82
Japan 19.0 0.97 1,837 0.97
United States 23.8 1.00 1,848 1.00

Notes: EU refers to ten countries; see Table 6.3.
Source: GGDC Productivity Level database (Inklaar and Timmer 2008b).

PPP would greatly overestimate productivity levels in this sector. On
balance, the value-added PPPs for manufacturing differ by about 16
per cent from the GDP PPP across our set of countries (absolute log
differences). This directly translates into a 16 per cent difference in
measures of productivity levels. For market services the difference is
comparable (15 per cent), while for other goods it is even bigger (32
per cent).

Next we look at data-intensive measures of labour and capital input.
To ease exposition, we only present results for the aggregate market
economy, though a similar comparison could be made for each of the
detailed industries in our dataset. Table 6.4 presents our measures of
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labour services input per worker compared to those in the USA. When
it comes to measuring labour input volumes, some studies only measure
the relative number of persons engaged while others also account for
differences in average hours worked across countries. Implicitly, these
studies use the following PPP for labour:

PP̃P
L
c, j =

(
VL

c, j

HL
c, j

)/(
VL

US, j

HL
US, j

)
(6.24)

with HL
c, j being the hours worked in industry j in country c, or,

more crudely, the total number of workers, without adjustment for
differences in hours worked. In contrast to our data-intensive measure
given in (6.10), this measure does not account for differences in the
composition of the work-force in different countries. The difference in
skill levels across OECD countries is illustrated in the first column of
Table 6.4, which provides the share of high-skilled workers in employ-
ment. This broadly corresponds to workers with a tertiary education,
such as a bachelor’s degree or higher. Apart from Finland, the USA
appears to have the largest share of high-skilled workers, as also found
by de la Fuente and Doménech (2006) and Cohen and Soto (2007).
However, focusing only on workers with university education is poten-
tially misleading as this approach ignores differences in lower levels
of education. For example, Germany has a comparatively large share
of workers in vocational education categories whose skills are highly
valued in the labour market as reflected in relatively high skill premia.
Vocational education is much less common in the USA. Furthermore,
labour force characteristics such as age and gender are also relevant as
indicators of work experience. Our detailed measures correct for all
these differences. The second column of Table 6.4 shows the amount
of labour services per hour worked based on (6.10). This indicator
varies widely across countries, but all have lower inputs of labour ser-
vices per hour worked than the USA. In addition, as shown in the third
column of Table 6.4, average annual hours worked vary considerably
across countries, between 1,474 hours in Belgium and 2,111 hours in
Hungary, and this should be taken into account as well.18 The final
column of Table 6.4 shows the amount of labour services per worker,

18 What is measured is actual hours worked, not hours paid, so in principle it
takes differences in the number of vacation days, sick days, etc. into account.
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which combines the effects of both differences in hours worked and
compositional differences across countries. Except for Hungary, all
countries have lower inputs of labour services per worker than the
USA. For countries like Belgium, Denmark and the Netherlands, this
is mainly due to lower working hours, while for countries like the
Czech Republic, Portugal and Slovenia differences in labour composi-
tion are most important. These results show that a crude measure such
as total workers leads to an overestimation of labour services in EU
countries relative to the USA.

Finally, as a measure of capital input volumes, most studies use
a measure of the relative capital stock. Typically, as data on capital
stocks is given in national prices, a GDP PPP is used to make them
comparable across countries, as follows:

PP̃P
K
c, j = PPPGDP

c

(
VK

c, j

SK
c, j

)/(
VK

US, j

SK
US, j

)
(6.25)

with SK
c, j the quantity of aggregate capital in industry j in country

c, directly measured as the capital stock summed over all asset types.
Consequently, this crude measure of capital does not take into account
differences in investment prices or differences in the composition of
capital. Our detailed measure given in (6.11) above is based on a com-
parison of capital service levels, accounting for asset heterogeneity and
investment PPPs. Table 6.5 provides a comparison between the crude
measure and our data-intensive measure of capital input for the market
economy in our set of countries. All figures are on a per-hour worked
basis to allow meaningful comparisons. The first column is based on
comparisons of aggregate capital stock as in (6.25). The drawback of
this measure is that it does not take into account differences in invest-
ment prices or the composition of the capital stock. Both issues are
empirically important as indicated by Caselli and Wilson (2004) and
Hsieh and Klenow (2007). Whereas in the past, capital stocks pro-
vided a good proxy for capital input levels, this is no longer the case
in the ICT era. Jorgenson and Vu (2005) and Timmer and van Ark
(2005) highlighted the diverging trends in the use of ICT capital and
its impact on comparative productivity growth rates. This is illustrated
in the second column which presents the share of ICT assets in total
capital compensation. This share is more than 20 per cent in Denmark,
Sweden, the UK and the USA, but less than 11 per cent in the Czech
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Table 6.5. Measures of capital input per hour worked, 1997, market
economy

Capital services per
hour worked (USA = 1)Capital stock per

hour worked
(USA = 1)

ICT share in
total capital
compensation
(percentage) Total ICT Non-ICT

Austria 1.44 13.4 1.12 0.43 1.37
Belgium 1.95 18.0 1.59 0.98 1.81
Czech Republic 0.93 8.3 0.45 0.16 0.55
Denmark 1.40 21.8 1.24 0.80 1.39
Finland 1.23 17.5 1.17 0.54 1.39
France 1.15 16.6 0.90 0.67 0.99
Germany 1.18 18.4 1.06 0.70 1.18
Hungary 0.95 12.9 0.47 0.23 0.55
Ireland 0.83 10.0 0.58 0.17 0.71
Italy 1.25 10.7 1.06 0.42 1.29
Netherlands 1.24 17.2 1.03 0.73 1.13
Portugal 0.49 10.9 0.40 0.13 0.49
Slovenia 0.78 26.9 0.49 0.35 0.54
Spain 1.01 17.0 0.69 0.44 0.77
Sweden 1.18 23.8 1.09 1.29 1.07
United Kingdom 0.84 22.0 0.75 0.68 0.78
European Union 1.14 14.8 0.93 0.60 1.05
Japan 1.18 19.4 1.19 0.91 1.29
United States 1.00 26.8 1.00 1.00 1.00

Notes and sources: Capital stock based on aggregate stocks in national currencies
from EU KLEMS database, March 2008 (see Chapter 3), converted with GDP PPPs
from OECD (2002). Share of ICT in total capital compensation and capital services
based on GGDC Productivity Level database (Inklaar and Timmer 2008b). EU refers
to ten countries; see Table 6.3.

Republic, Ireland, Italy and Portugal. Comparisons based on detailed
measures of capital according to (6.11) are given in the final columns,
for total assets and ICT and non-ICT assets separately. In 1997, cap-
ital intensity was higher in various European countries than in the
USA. This was mainly because of the higher use of non-ICT capital.
As almost all countries use less ICT than the USA, relative capital input
services are lower than relative levels of stocks. In general, the lower
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the share of ICT, the bigger the difference is between the crude and
data-intensive measures.

In addition, relative prices between equipment and other capital
assets such as buildings and structures are known to differ, as the for-
mer are mostly imported, while the latter are domestically constructed.
The price of structures depends largely on local wages and its PPP is
usually close to the GDP PPP. In contrast, PPPs for equipment are
closely related to exchange rates. For countries in which exchange
rates are much higher than the overall GDP PPP, the crude capital
input measures will be overestimated. This is the case, for example,
for the Czech Republic, Hungary and Slovenia. All in all, for these
countries, data-intensive measures of capital input can be as low as
only half the crude measures. But also for other countries, differences
can be sizeable. For example, for France we find a 25 percentage-point
difference.

So far we have shown that crude and data-intensive measures of
labour and capital inputs can differ widely. Each adjustment to output
and input volumes discussed above has a direct impact on the mea-
surement of MFP. Table 6.6 brings the previous tables together by
comparing five alternative productivity level estimates using increas-
ingly data-intensive methods in moving from left to right. Therefore
the first column shows a crude measure, where GDP PPPs are used to
convert output to a common currency, the number of persons engaged
is used as the labour measure and capital stocks are the capital mea-
sure. This measure (MFP1) is comparable to the one used by Bernard
and Jones (1996) and in many subsequent papers. MFP2 then adjusts
MFP1 for differences in the average number of hours worked from
Table 6.4. As this table showed, average hours worked are lower
than in the USA in many countries, so MFP2 will be higher for those
countries than MFP1. Indeed, while Belgium has a productivity level
of 87 per cent of the USA according to MFP1, the level is 101 per
cent according to MFP2. Conversely, since in Hungary the average
number of hours worked is higher than in the USA, MFP2 is 40 per
cent compared to the 44 per cent of MFP1. MFP3 then adjusts MFP2
for differences in the composition of the labour force. Compared to
MFP2, MFP3 shows higher levels compared to the USA for all coun-
tries because, according to Table 6.4, the labour composition effect is
smaller than unity in all countries compared to the USA. Differences
in labour input measures do not translate one to one to MFP, since
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Table 6.6. Alternative measures of market economy MFP levels, 1997
(USA = 1)

MFP1 MFP2 MFP3 MFP4 MFP5

Austria 0.72 0.78 0.86 0.63 0.68
Belgium 0.87 1.01 1.05 0.90 0.96
Czech Republic 0.45 0.42 0.46 0.37 0.48
Denmark 0.75 0.85 0.97 0.90 0.94
Finland 0.76 0.76 0.84 0.82 0.84
France 0.88 0.91 0.94 0.78 0.84
Germany 0.82 0.94 0.98 0.90 0.93
Hungary 0.44 0.40 0.41 0.36 0.47
Ireland 0.99 0.94 1.01 0.87 0.99
Italy 0.82 0.79 0.88 0.74 0.78
Netherlands 0.79 0.92 0.97 0.89 0.94
Portugal 0.56 0.55 0.77 0.68 0.74
Slovenia 0.50 0.49 0.56 0.43 0.49
Spain 0.79 0.81 0.89 0.75 0.85
Sweden 0.84 0.88 0.90 0.82 0.84
United Kingdom 0.83 0.85 0.92 0.78 0.81
European Union 0.82 0.87 0.93 0.81 0.86
Japan 0.69 0.70 0.71 0.52 0.52
United States 1.00 1.00 1.00 1.00 1.00

Measurement alternatives
Output PPP GDP GDP GDP Industry Industry
Labour input Persons Hours by type by type by type
Capital input Stock Stock Stock Stock Services

Notes: EU refers to ten countries; see Table 6.3. Alternatives explained in main text.
Source: Authors’ calculations based on GGDC Productivity Level database (Inklaar
and Timmer 2008b) and EU KLEMS database, March 2008 (see Chapter 3).

they are weighted with the labour costs in value added, which is about
two-thirds.

Instead of a GDP PPP, MFP4 is based on a value-added PPP. MFP4
levels are lower than MFP3 levels in all countries because value-added
PPPs are higher than GDP PPPs. Although this is true for the market
economy as a whole, this will not be the case for all detailed indus-
tries, as shown in Table 6.3. The final step towards our preferred
MFP alternative is an adjustment for capital PPPs and composition,



Productivity levels and convergence 219

as shown in Table 6.5. Differences between capital stock and services
input, weighted by the share of capital in value added (about one-
third) account for the differences between MFP4 and MFP5. Because
of lower levels of capital services per hour worked than capital stocks
per hour worked relative to the USA, MFP5 levels are higher than
MFP4 levels in all countries. For some countries, all these adjustments
almost cancel out: for example, for Ireland both MFP1 and MFP5 are
at 99 per cent of the US level and for Slovenia, MFP1 is 50 and MFP5
is 49 per cent of the US level. However, for most countries the effect
is substantial, between 5 and almost 20 percentage points. For exam-
ple, Germany would appear to be 18 percentage points less productive
than the USA according to the crudest productivity measure but only
7 percentage points according to the data-intensive measure. Further-
more, differences at the detailed industry level tend to be even larger;
see Inklaar and Timmer (2008b).

6.5 Reliability of level estimates

In the previous section we have shown that apart from being concep-
tually superior, data-intensive measures are also different from crude
measures in practice. However, this does not imply that all data issues
have been resolved. It should be stressed that the estimation of PPPs
and MFP levels is still experimental. They are based on a wide variety
of official data sources from national statistical institutes. The relia-
bility of these sources differs and their consistency is far from perfect.
In this section we first discuss two ways to check the reliability of the
estimates: by using alternative methods on the same dataset and by
comparing our industry-level results with estimates at the aggregate
level based on alternative sources. Then we deal with more general
problems in the construction of level estimates.

Single versus double deflation

A particular issue in level accounts is the issue of double deflation of
value added. In theory, the price of value added should be based on the
price of output and the price of intermediate inputs. As such, the data
requirements for a value-added based MFP measure are exactly the
same as for a gross-output based MFP measure. However, in practice,
for reasons discussed below, the prices of intermediate inputs are often
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ignored, and the PPP for gross output is used instead. This approach
is called single deflation, as opposed to double deflation in which the
prices of intermediate inputs are taken into account as in (6.12).

Single deflation has some significant problems. It suffers from a so-
called terms-of-trade bias19 and a substitution bias. First, the terms-
of-trade bias arises when relative prices of output and intermediate
inputs differ for a particular industry. Second, differences in relative
prices of primary factor inputs and intermediate inputs can lead to
differences in the use of intermediate inputs, leading to substitution
effects. Relatively lower intermediate input prices will lead to a higher
use of intermediate inputs compared to the use of capital and labour
inputs in the production process. When using single deflation, this
substitution effect between intermediate inputs and value added is not
reflected in the relative volume measure of value added. In practice,
the terms-of-trade and the substitution biases are difficult to disen-
tangle. The main point here is that as long as relative intermediate
input prices do not move in tandem with relative output prices across
countries, measures of single-deflated value added will be biased. The
double-deflation procedure does not suffer from this bias and therefore
most European countries and the USA have recently adopted double-
deflation techniques in the compilation of value added time series in
their National Accounts. We also apply double-deflation techniques in
our level database.

However, in practice double deflation also has a number of well-
known problems. First, double deflation puts larger requirements on
data, as intermediate input PPPs are needed in addition to PPPs for
gross output. These are not usually readily available and must be
constructed on the basis of input prices for the various countries in
combination with input shares derived from input-output tables (see
section 6.3). Second, double deflation introduces a new possible source
of error which is not present in single-deflation measures, i.e. errors
associated with the measurement of input prices. In many sectors,
material input prices are either unavailable or crudely measured. Hill
(1971) suggests that the use of single deflation may be less misleading
than using double deflation when material input prices are measured

19 Note that the concept ‘terms of trade’ refers to relative prices of outputs and
inputs in the domestic economy, and does not refer to ‘terms of trade’ as used
in international trade literature, in which they refer to the differences in import
and export prices.
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with error. This problem is aggravated by the fact that double-deflated
value added is defined as the output volume minus the intermediate
input volume. A small percentage measurement error in the volume of
gross output appears as a much larger percentage error in the volume
of double-deflated value added than is the case for the volume of
single-deflated value added.20

Inklaar and Timmer (2008b) show that the sensitivity of produc-
tivity level comparisons to the choice of single- or double-deflation
techniques increases with the level of industry detail. At the market
economy level, differences are only large for countries with exchange
rates which are much higher than the GDP PPP in 1997 (for example,
Eastern European countries, but also Denmark). For other countries,
the differences are less than 5 per cent. The EU–US productivity gap
would be 3 percentage points smaller if single deflation were used. Also
at major sector levels, differences are generally small and can go either
way. Differences are smallest for market services, as is to be expected
given the low share of intermediates in output. As such, measurement
errors in intermediate input prices have only a minor impact. Differ-
ences can be larger for goods-producing sectors as the intermediate
input share is much larger; typically shares are 60 per cent, while only
30 per cent in the case of services.

Timmer and Inklaar (2008b) also discuss differences arising from
the use of alternative sets of PPPs: PPPs from the OECD solely based
on expenditure or a mixed set of production and expenditure PPPs.
For example, based on the mixed-set market economy, MFP in the
EU is 86 per cent of that in the USA, while 83 per cent when using
only expenditure prices. More generally, differences can go either way
and will be larger for more detailed industries. Differences are less
for goods production than for market services and often within 5 per
cent bounds. Differences for market services can be especially large for
the trade and transportation sector; for example, the relative EU MFP
level in trade based on expenditure PPPs only is 18 per cent lower than
when based on our preferred mixed PPP set.

Comparison with total economy productivity estimates

The main aim of the GGDC Productivity Level database is to pro-
vide comparative labour and multi-factor productivity estimates at the

20 See Hill (1971), p. 19.
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industry level across a wide set of countries. However, there might be
interest in the consistency of industry-level results with the well-known
estimates of relative labour productivity levels regularly produced by
the OECD and Eurostat. The main reason for making a comparison
of results based on aggregated industry-level data and those based on
aggregate data directly would be as a cross-check on our methodol-
ogy and industry-level data sources. To this end, comparisons can be
made of the labour productivity results for the total economy with esti-
mates by the OECD and Eurostat. The estimates will differ for various
reasons, both methodological and practical.

First of all, the measures will differ as they refer to two different
concepts of GDP. In our study we measure GDP from the production
side, while OECD/Eurostat measures GDP from the expenditure side.
The former explicitly accounts for differences in domestic, import and
export prices, while the latter does not adjust for differences in terms
of trade across countries (see Feenstra et al. 2009). As such, the former
measures the production capacity of a country, while the latter mea-
sures the consumption possibilities. For example, when a country has
to pay relatively high prices for its imports, while receiving low prices
for its exports, GDP measured from the production side will be higher
than when it is measured from the expenditure side. For productiv-
ity comparisons we are interested in the former. Related to this, our
estimates are built up in an input-output framework, deflating outputs
and intermediate inputs with separate PPPs. The OECD/Eurostat esti-
mates are made from the expenditure side, deflating expenditure with
expenditure PPPs only. As is well known, there can be substantial dis-
crepancies between output, intermediate input and expenditure prices
in the National Accounts.

Second, there are differences in the underlying data. The differences
for nominal GDP and persons engaged will be relatively small, but
the differences in estimates of hours worked per person can be size-
able for some countries. One of the biggest obstacles is the conversion
from simple job (or person) counts to estimates of total hours actually
worked as the comparability of hours-worked measures is weak. The
available evidence suggests that cross-country differences in the aver-
age hours worked per person are quite large. Even within the OECD,
economy-wide measures of annual working hours range from just over
1,300 for countries like the Netherlands and Norway to over 2,400
for Korea. Eurostat provides estimates of hours actually worked which
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are (partly) harmonised across countries. Cross-country comparability
can thus be improved in comparison with the use of original national
sources for some countries, but there remains a margin of uncertainty
(Ypma and van Ark 2006). Also, as yet it is unclear how these estimates
match the output measures in the National Accounts, particularly at
the industry level. This uncertainty can only be addressed by further
methodological and statistical work to enhance international compa-
rability, preferably within the System of National Accounts.

Finally, we adjust the treatment of non-market services, by setting its
relative productivity to unity. If all countries measure output by inputs,
this should be the case by definition. In contrast, using the expenditure
PPPs for non-market services from OECD/Eurostat as output PPPs
does not imply a relative productivity level of unity and suggests much
higher productivity in Europe that in the USA in non-market services.
We believe that as many countries still measure nominal output in
these services (largely) by inputs, assuming equal productivity imparts
less error than using the existing expenditure PPPs. As non-market
services typically make up 20 to 30 per cent of total GDP this has a
major impact on comparative GDP per hour levels. For this reason we
prefer to make comparisons only of the market economy, excluding
these sectors.

The conceptual differences between our estimates and those of the
OECD for the aggregate economy can have major effects on compara-
tive performance measures. By way of example, our estimates for GDP
per hour worked in France relative to the USA are 22 per cent lower
than the OECD estimates. Actually, our estimates for hours worked
in the USA are 5 per cent higher, leaving 27 percentage points dif-
ferences for the real GDP measure. Nine percentage points are due
to our treatment of non-market services. Another 5 percentage points
are due to the difference between GDP at basic prices and at pur-
chasers’ prices. The former is the right price concept for productivity
comparisons, while the latter is used in OECD estimates. The differ-
ences due to treatment of non-market services and price concepts also
have an approximately similar effect in comparisons of other Euro-
pean countries with the USA. The remaining 13 percentage points in
the France–USA case are due to terms of trade and inconsistencies
between production and expenditure PPPs. Unfortunately, the latter
two cannot be disentangled and we can only guess about its relative
importance. In the case of France, the exchange rate, which is used
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as PPP for imports, is much lower than the GDP PPP, while the out-
put PPP is much higher. This indicates that the volume of imports is
underestimated in the OECD estimates, while the volume of exports
is overestimated. The impact of this mismeasurement depends on the
size of the trade balance compared to GDP, and will be larger for small
open economies.

Problems in level estimates

Difficulties in measuring productivity growth rates within a country
based on the present system of National Accounts are also prevalent
in comparisons of MFP levels between countries (see Chapter 3 and
also Diewert 2001, 2008; Schreyer 2008). Of particular importance
are data on capital assets such as land and inventories, which are
not included in our set of assets because of missing data. Apart from
software, we do not include other intangible capital, the importance
of which has recently been highlighted.21 Some of the industry output
prices, in particular for services industries like finance and business ser-
vices, are hard to measure, both over time and across countries, as dis-
cussed in Chapter 3. Sometimes, problems for level accounting are even
more severe, such as in comparisons of levels of educational attain-
ment (Mason et al. 2009) and hours worked (see discussion above).
A major challenge in reducing measurement error lies in accounting
for differences in the quality of goods and services produced. Piece-
meal progress on this is being made both within statistical agen-
cies and in the academic world, for example through using hedonic
techniques. The country–product–dummy (CPD) method is a very
simple hedonic model which can serve as a basis for relative price
estimates that better take into account quality differences. Recent
work also suggests that detailed barcode scanner data can be used
to compare product prices across countries at a very detailed level,
drastically reducing the problem of quality differences.22 So far, stud-
ies have focused mainly on improving relative price measures for
manufacturing products and attention increasingly needs to be given

21 See discussion in Chapter 7.
22 See, for example, Heravi et al. (2003) and Goldberg and Verboven (2005) for

an application of hedonics. The former study is based on scanner data.
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to comparisons of prices of services, given their rising importance in
production.

More generally, it is true that more detailed measures of labour
and capital are less reliable than more aggregate measures because of
limited survey evidence, suggesting a trade-off between precision and
measurement error. For example, while an estimate of total workers in
an industry can be made relatively precisely, estimates of hours worked
by university-educated workers are much more uncertain. Typically,
these measures are based on additional survey data with a limited sam-
ple size, such as labour force surveys, and so looking at more detailed
categories of workers tends to increase sampling error. Similarly, aggre-
gate investment by asset type is normally available from the National
Accounts. However, the allocation of assets to using industries is much
less reliable than the aggregate series and depends on a wide variety of
assumptions and scattered evidence. More generally, estimates based
on sectoral data are less reliable due to sampling, reporting or other
errors, while estimates based on aggregate data are more robust as
errors tend to be averaged out (Griliches 1986; Diewert 2001).23

Clearly, the sophistication of the methodology followed in the con-
struction of the level comparisons adds to the vulnerability of the
estimates as it makes use of detailed measures of capital and labour
services, separate industry-level PPPs for output and various types of
inputs. Our point estimates will be more accurate than crude estimates
derived solely on the basis of capital stocks, hours worked and GDP
PPPs. But the variance of our estimates will be higher as well. The
choice between an estimate which is precisely wrong or approximately
correct ultimately depends on its use. Inklaar and Timmer (2009b)
provide a new systematic approach to estimating measurement error
in comparative measures of productivity. They find that although mea-
surement error is higher for detailed measures, this seems to be out-
weighed by the improvements in precision of the estimates in cross-
country regression studies. If there is an interest in specific estimates
for a country at a detailed industry level, it would be advisable to con-
sider alternative estimates as well. Some of these are provided in the
GGDC Productivity Level database, such as single-deflated measures
and alternative PPP measures. In general, detailed industry estimates

23 For example, see the discussion of the findings in Inklaar et al. (2008) by
Wendy Carlin, Jonathan Temple and a panel (Inklaar et al. 2008, pp. 171–8).
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should never be interpreted without additional, more qualitative, evi-
dence from careful industry case studies, for example such as described
in Baily and Solow (2001). On the other hand, if a set of level estimates
for econometric cross-country analyses is needed, then this database
provides a unique opportunity to improve estimation models.

6.6 Productivity gaps and accounts

In this section we provide an overview of levels of output, input and
productivity for European countries and the European Union as a
whole, relative to the United States. In all tables, the European Union
refers to ten countries of the old EU-15 as before: Austria, Belgium,
Denmark, Finland, France, Germany, Italy, the Netherlands, Spain and
the United Kingdom. We first present figures for the EU as a whole
and in later tables take a more detailed look into levels in individual
member states.

EU–US productivity accounts

The figures presented are all for the year 2005, which is the latest year
available in the EU KLEMS March 2008 database. They are based
on the benchmark level comparisons for the year 1997 discussed in
the previous sections. Volume growth rates of output and inputs are
taken from the EU KLEMS database and used to extrapolate the 1997
benchmark. Table 6.7 provides relative levels in the EU market econ-
omy and four major sectors for the year 2005, in comparison with the
USA. In terms of labour productivity, a large gap looms between the
two regions. In the market economy, value added per hour worked in
the EU is less than 70 per cent of the US level. In Table 6.8 a break-
down of the labour productivity gap is made based on (6.14). Relative
input levels from Table 6.7 are weighted by their average share in
value added to calculate the contribution of inputs to the labour pro-
ductivity gap. Table 6.8 reads as in the following example. The first
row indicates that the (log) labour productivity gap between the EU
market economy and the USA was 37 percentage points. Of this gap,
8 percentage points were due to labour composition differences. Dif-
ferences in capital intensity mattered less, accounting for 5 percentage
points. Although ICT intensity was much lower in the EU (see Table
6.7), non-ICT levels were higher and hence contributed positively. The
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remaining gap of 24 per cent is explained by the differences in the
efficiency with which labour and capital are used, as measured by
multi-factor productivity.

Tables 6.7 and 6.8 also provide a decomposition for four major
sectors in the economy. Gaps in labour productivity are rather different
across the sectors and also the intensity with which labour and capital
inputs are used varies. In all sectors, European labour productivity
suffers because of the less qualified labour force compared to that of the
USA. The gap in the use of capital plays an important role in explaining
the lagging performance in ICT production and non-manufacturing
goods production, but not in manufacturing and market services. In
manufacturing, use of capital per hour is even higher than in the USA
on account of the extensive use of non-ICT capital. The most important
is the gap in multi-factor productivity which explains at least half of the
gap in labour productivity for each sector, and as much as two-thirds
in the case of market services.

Relative input and productivity levels for twenty-six detailed indus-
tries are given in Table 6.9. In 2005, the EU was leading the USA in
labour productivity in seven industries, including mining, chemicals,
rubber and plastics, and post and telecommunications. But in most
industries the productivity gap between the EU and the USA is large:
EU levels are less than half in agriculture, textiles, electrical equipment
and utilities. In almost all industries, labour services per hour worked
in the EU are lower than in the USA indicating a pervasive skill gap
not only in most services but also in manufacturing industries. The use
of capital, on the other hand, is frequently higher in the EU than in the
USA, in particular in manufacturing. Out of thirteen manufacturing
industries, eight have higher levels of capital services per hour worked.
In services industries, however, capital use is generally lower, particu-
larly in trade industries, finance and post and telecommunications. As
before, in most industries it is not so much differences in the use of
factor inputs that drive labour productivity gaps with the USA. Instead
it is the lower efficiency with which factor inputs are used as measured
by (value-added based) multi-factor productivity, given in the fourth
column.

Based on the industry data a decomposition of the aggregate EU–US
labour productivity gap can be made. The contribution of each indus-
try is calculated by multiplying the log gap in labour productivity (log
level of the EU over the USA) by the share of each industry in market



Table 6.9. Relative levels of inputs and productivity in the EU, twenty-six industries, 2005 (USA = 1)

Value added per
hour worked

Labour services
per hour worked

Capital services
per hour worked

Multi-factor
productivity
(value-added
based)

Multi-factor
productivity
(gross-output
based)

Agriculture 0.37 0.98 0.58 0.49 0.70
Mining 1.23 0.97 0.80 1.37 1.21
Food and beverages 0.93 1.07 1.17 0.89 0.96
Textiles and footwear 0.43 0.98 1.06 0.44 0.71
Wood products 1.05 0.90 1.39 1.06 1.00
Paper, print and publ. 0.84 0.96 1.29 0.82 0.90
Petroleum ref. 0.59 0.91 0.84 0.69 0.91
Chemicals 1.26 0.89 0.99 1.37 1.12
Rubber and plastics 2.21 0.92 1.09 2.30 1.38
Non-metallic mineral 1.79 0.95 1.41 1.70 1.26
Metal 0.87 0.94 1.13 0.89 0.95
Other machinery 0.85 0.97 0.60 1.06 1.02
Electrical equipment 0.25 0.82 0.67 0.31 0.60
Transport equipment 0.52 0.94 1.34 0.51 0.76
Other manufacturing 0.88 0.99 0.88 0.94 0.91
Utilities 0.47 0.96 0.70 0.63 0.73
Construction 0.95 1.00 0.96 0.94 0.97
Automotive trade 0.91 0.87 0.91 1.00 0.99
Wholesale trade 0.60 0.71 0.61 0.86 0.89
Retail trade 0.85 1.11 0.46 0.99 0.99
Hotels and rest. 0.59 1.02 1.04 0.62 0.79
Transport 0.59 0.93 0.90 0.63 0.76
Post and telecomms 1.39 0.91 0.61 1.78 1.42
Finance 0.99 0.97 0.76 1.18 1.13
Business services 0.57 0.86 0.85 0.58 0.69
Other services 1.03 0.92 2.76 0.80 0.88
Market economy 0.69 0.89 0.86 0.79 n.a.

Note: EU refers to ten countries; see Table 6.3.
Source: Inklaar and Timmer (2008b), appendix tables.
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Figure 6.1. Industry contributions to the EU–US gap in labour productivity,
market economy, 2005. The contribution of each sector is calculated by multi-
plying the log gap in labour productivity (log of the ratio of the EU level to that
of the USA) by the share of each sector in market economy value added. The
grey bar indicates the contribution of the log gap in multi-factor productivity
and the black bar the contribution from log gaps in capital and labour services
per hour worked. (Sources: Values for 1997 from GGDC Productivity Level
database (Inklaar and Timmer 2008b) extrapolated with KLEMS database,
March 2008 (see Chapter 3).)

economy value added. This is analogous to the method used for the
industry contributions to aggregate growth described in Chapter 5. In
Figure 6.1 we provide the contributions of twenty-six detailed indus-
tries. The bars indicate the contribution of each sector to the overall
gap. Each bar is decomposed into the contribution of differences in
input use and MFP. The grey part indicates the contribution of the
log gap in multi-factor productivity and the black part the contribu-
tion from log gaps in capital and labour services per hour worked.
By far the biggest contribution to the EU–US labour productivity gap
is from business services, accounting for almost a third of the aggre-
gate gap. The MFP gap in business services looms especially large
and because of the large size of this sector in the economy, it makes
a major contribution. Other sectors also contribute, but to a lesser
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degree, either because the productivity gaps in these sectors are rela-
tively small (for example, for trade services) or because the sector is rel-
atively unimportant in size (for example, ICT production, utilities and
transport).

Productivity gaps in European countries

Next, we turn to an analysis of productivity gaps between individual
European countries and the USA. Table 6.10 provides relative levels in
the market economy for the year 2005, in comparison with the USA.
As before, a breakdown of the labour productivity gap is made based
on (6.14) and shown in Table 6.11. In terms of labour productivity, a
wide range of levels is found within the European Union. In Belgium,
the Netherlands and Sweden labour productivity levels are 85 per cent
or more of the US level. Gaps in the use of human and physical capital
are small, and efficient use is made of factor inputs as indicated by high
MFP levels. In the new member states levels are 40 per cent or less of the
US level in 2005, despite rapid growth in the preceding decade. This is
partly based on gaps in the use of capital, but mainly due to weak MFP
performance which is only half of the US level. Future growth must
come not so much from increasing investment in physical and human
capital, but much more from improvements in the way inputs are used.
The long distances to the technological frontier suggest large potential
gains from adopting new technologies developed elsewhere. A particu-
lar feature of the small Scandinavian countries, Denmark and Finland,
is the gap in human capital that contributes 10 percentage points or
more to the labour productivity gap. After a long decade of stagnation,
the Mediterranean countries, Italy and Spain, have fallen to labour pro-
ductivity levels just above half the US level. This is mainly due to low
levels of MFP, but in Spain this is also due to the still existing gap in
capital intensity. In the other major continental countries, France and
Germany, gaps in input use are only minor and the labour productivity
gap is mainly due to MFP gaps. In the UK, gaps in human and physical
capital contribute about one-third to the gap with the USA and indi-
cate some room for catch-up based on investment. In general, though,
it can be concluded that gaps in MFP are by far the most important
drivers of labour productivity gaps between European countries and
the USA.
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Technology gaps

Relative MFP levels can also be used as indicators for the technological
distance between countries. They are often used in analyses based
on technology-gap models (see section 6.8). As argued by Jorgenson,
Gollop and Fraumeni (1987) and Jorgenson et al. (2005), the best
measure of technological change is multi-factor productivity growth
based on gross output. This measure treats all inputs symmetrically and
does not rely on separability of value added and intermediate inputs. As
such it reflects technical change in the use of all inputs, not only labour
and capital. Similarly, the best measure for the technological distance
between countries is the relative level of gross-output based MFP as
defined in (6.1). The last column of Table 6.9 provides these levels for
our twenty-six detailed industries. It is shown that in 2005 the EU leads
the USA in eight industries: mining, post and telecommunications,
finance and five manufacturing industries. In other major industries,
like construction, retail and automotive trade, MFP levels are on a par.
Big gaps are found for industries like agriculture, business services and,
in particular, electrical machinery. This wide range of gaps testifies to
the importance of a detailed industry analysis. Aggregate productivity
statistics might suggest that the EU is trailing the USA in terms of
innovation and technological prowess, but the technological distance
between the regions is highly industry-specific and the USA is not
leading in all industries.

This becomes even more clear when we look at the levels of individ-
ual European countries. In Table 6.12 we provide for each industry
the countries ranked first, second and third in terms of MFP levels
in 2005. In addition, the average level of the set of thirteen countries
to the frontier country is given in the last column. Clearly, coun-
tries seem to specialise in different manufacturing industries, ranging
from the Netherlands in food to Finland in wood products, Ireland in
chemicals and the USA in electrical equipment. Also in industries that
are less open to international trade, technological leadership varies,
with the USA leading in hotels and restaurants and business services,
while the Netherlands leads in transport, Denmark in trade and other
services and Sweden in telecommunications. At the same time, these
estimates have to be evaluated with care, as discussed in the previous
section.
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Table 6.12. Technology leaders, major sectors, 2005

Average
level
relative to
frontier

Rank in MFP levels

First Second Third

Agriculture USA Denmark Sweden 0.59
Mining Netherlands Belgium Italy 0.27
Food and beverages Netherlands Italy Ireland 0.63
Textiles and footwear Belgium USA Netherlands 0.53
Wood products Finland France Sweden 0.58
Paper, print and publ. Ireland Belgium Finland 0.50
Petroleum ref. France UK Ireland 0.34
Chemicals Ireland Finland Netherlands 0.29
Rubber and plastics Belgium Portugal France 0.43
Non-metallic mineral Italy Belgium Germany 0.57
Metal Italy Netherlands Sweden 0.80
Other machinery UK France Germany 0.65
Electrical equipment USA Finland Sweden 0.51
Transport equipment Italy USA Spain 0.37
Other manufacturing UK Denmark Finland 0.37
Utilities Sweden USA Finland 0.46
Construction Finland Austria Belgium 0.55
Trade Denmark Finland Germany 0.67
Hotels and rest. USA Austria Spain 0.65
Transport Netherlands Portugal USA 0.32
Post and telecomms Sweden UK France 0.30
Finance Ireland Denmark Portugal 0.47
Business services USA Ireland Portugal 0.67
Other services Denmark Germany France 0.84

Notes: MFP is based on gross output. Average is over all EU-15 countries plus USA.
Source: Authors’ calculations based on Inklaar and Timmer (2008b).

6.7 Convergence analysis

A key issue in modelling economic growth is whether there is a
tendency for productivity levels to converge to a common level or
whether differences in levels can continue indefinitely or even increase
over time. Initially, this research was mainly focused on explaining
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patterns of convergence and divergence at the aggregate level.24 More
recently, studies of differences in performance at the sectoral level have
appeared, motivated by the influential study of Bernard and Jones
(1996). They found that across a set of selected OECD countries, con-
vergence in the aggregate does not necessarily imply convergence at the
industry level. In particular they found that during the period 1970–87
manufacturing showed little evidence of productivity convergence, in
contrast to the services sector in which convergence was strong. These
findings have not gone undisputed. Sørensen (2001) showed that the
finding of non-convergence in manufacturing heavily depended on the
choice of a set of purchasing power parities (PPPs) to convert national
currencies into comparable units. Bernard and Jones (1996) used one
set of aggregate GDP PPPs to convert all sectoral variables. How-
ever, as sectoral prices do not move in tandem over time, their findings
became highly sensitive to the choice of the base year for the PPPs. Typ-
ically, manufacturing prices grow much slower than prices of services
and a common PPP would not capture this difference. It was concluded
that research relying on international comparisons of sectoral produc-
tivity and income should proceed with caution until sector-specific
PPPs are available.25 In this section we revisit the analysis of Bernard
and Jones (1996) using the more data-intensive productivity mea-
sures presented in this chapter and extend their findings. For this we
take our 1997 benchmark productivity levels and extrapolate them to
1970 and 2005 using relative MFP growth rates from the EU KLEMS
database.26

As Islam (2003) argues in his survey, a test for productivity conver-
gence should examine the dispersion of productivity levels over time
(�-convergence). A regression where productivity growth is explained
by initial productivity levels can be used (β-convergence), but a signif-
icant coefficient on initial productivity levels is only a necessary, but
not a sufficient condition for a smaller dispersion in productivity levels
over time. Although β-convergence is useful in many economic mod-
els (see next section) we rely on �-convergence here. Figure 6.2 shows

24 See Islam (2003) and Barro and Sala-i-Martin (2004) for an overview.
25 Bernard and Jones (2001), p. 1169; see also Harrigan (1999), Caselli (2005)

and Rogerson (2008), p. 251.
26 For the 1970–9 period, we partly rely on educational attainment data from de

la Fuente and Doménech (2006) to estimate labour composition change.
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Figure 6.2. Standard deviation of multi-factor productivity levels, 1970–2005.
Standard deviation based on MFP levels (value-added based) for thirteen
countries (three-year moving average). (Source: Based on Inklaar and Timmer
(2009a), fig. 1.)

the result of our industry group analysis for the 1970–2005 period.
The figure plots the standard deviation of productivity levels relative
to the USA for three industry groups, namely manufacturing, mar-
ket services and other goods-producing industries. This latter group
includes agriculture, mining, utilities and construction. Given the long
time-span, we were forced to reduce our sample to the thirteen coun-
tries with sufficient data.27 Looking at the 1970–87 period covered
by Bernard and Jones (1996), their qualitative findings are confirmed:
convergence in market services and no convergence in manufacturing
and other goods-producing industries. This pattern does not change
in subsequent years: market services continue to show convergence,
while the other two sectors even show some evidence of divergence
since the mid 1990s. This contrasting convergence pattern across sec-
tors confirms the key message from Bernard and Jones (1996) that an
industry perspective is very important in the convergence debate.

27 These are Australia, Austria, Belgium, Denmark, Finland, France, Germany,
Italy, Japan, the Netherlands, Spain, the United Kingdom and the United
States.
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Table 6.13. Testing for convergence across countries

1980 2005 Difference T3-test

Agriculture 0.22 0.22 0.00 −0.06
Mining 1.00 0.58 −0.41 4.04∗

Food and beverages 0.08 0.10 0.02 −0.73
Textiles and footwear 0.15 0.13 −0.02 0.81
Wood products 0.23 0.24 0.02 −0.35
Paper, print and publ. 0.10 0.13 0.03 −2.19∗

Petroleum ref. 0.20 0.21 0.02 −0.33
Chemicals 0.16 0.19 0.03 n.a.
Rubber and plastics 0.36 0.36 0.00 −0.04
Non-metallic mineral 0.21 0.18 −0.03 0.87
Metal 0.20 0.15 −0.05 1.90∗

Other machinery 0.15 0.12 −0.02 0.80
Electrical equipment 0.17 0.17 0.00 −0.05
Transport equipment 0.17 0.15 −0.01 0.78
Other manufacturing 0.42 0.27 −0.15 3.13∗

Utilities 0.12 0.12 0.00 0.02
Construction 0.14 0.18 0.04 n.a.
Trade 0.36 0.23 −0.13 3.09∗

Hotels and rest. 0.18 0.15 −0.03 1.16
Transport 0.27 0.27 −0.01 0.31
Post and telecomms 0.19 0.34 0.14 −2.02∗

Finance 0.19 0.23 0.05 −0.85
Business services 0.14 0.12 −0.02 0.79
Other services 0.20 0.11 −0.09 4.14∗

Notes: ∗ Denotes a standard deviation in 2005 that is significantly different from
that in 1980 at the 5% level. T3-test is a test for a significant difference between
standard deviations. This statistic asymptotically has a standard normal distribution.
‘n.a.’ denotes that the test statistic could not be calculated on account of specific
parameter values; see Carree and Klomp (1997). Columns 1 and 2 show standard
deviation based on data for twenty countries.
Source: Inklaar and Timmer (2009a), table 5.

This is further confirmed in Table 6.13 where we look at patterns
of convergence in each of our twenty-four detailed industries. Data
limitations require us to restrict the analysis to the 1980–2005 period.
Across industries, the evidence for convergence and divergence is also
diverse: thirteen industries have lower standard deviations in 2005
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than in 1980 while eleven have higher standard deviations. The final
column of Table 6.13 shows a test statistic for the equality of standard
deviations from Carree and Klomp (1997). Taking into account that
the standard deviations over time are not independent, they formulate
a test statistic that is asymptotically normally distributed. Five of the
industries have a significantly positive test statistic, implying significant
convergence, while two show significant divergence. Interestingly, two
of the significantly converging industries are in manufacturing, which
does not converge in aggregate. Similarly, post and telecommunica-
tions, an industry in market services, is one of the industries that show
significant divergence, while aggregate market services show conver-
gence. In summary, the detailed industry perspective reinforces Bernard
and Jones’ (1996) main message that convergence patterns differ sub-
stantially across industries.28

Given the fact that learning and knowledge spillovers typically take
place at the level of firms, rather than industries, it will be interesting to
link the industry-level convergence analysis to the burgeoning literature
on firm-level productivity. Typically, it is found that within countries
there is a large dispersion in productivity across firms, such that it is
quite possible that the top firms in a lagging country are above some
firms in a leading country. This naturally raises the question of the
frontier to which firms are converging. Further linking of industry- and
firm-level databases might throw new light on these issues (Bartelsman
et al. 2008; Griffith et al. 2009).

6.8 Determinants of productivity growth

In the previous chapters we showed how investment in physical capital
and human capital account for a substantial portion of labour pro-
ductivity growth in many countries. At the same time we found that
cross-country differences in labour productivity growth are mainly
due to differences in the efficiency with which the inputs are used, as
measured by MFP growth. To gain further insight into the causes of
MFP growth differences, it is necessary to move beyond the growth
accounting framework and explain differences in MFP growth. Such
analysis crucially requires estimates of relative levels as well as growth

28 Using PPPs based on expenditure prices only, van Biesebroeck (2009) arrives
at the same conclusion; see also Sørensen and Schjerning (2008).
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rates. In this section we use regression analysis to gauge statistically
the importance of a number of potential determinants of MFP growth,
based on a dynamic catching-up, or technology-gap, model as is com-
monly used in the literature.29 Of the many possible determinants, we
focus on whether ICT use and the use of skilled labour generates exter-
nalities and whether regulatory barriers to entry hamper productivity
growth.

A technology-gap model of productivity growth

Following the technology-gap model, MFP growth in an industry is
determined by the strength of the domestic innovation process and the
speed of imitation of best-practice technologies developed elsewhere.30

The potential for technology transfer is captured by the technology gap
relative to the global productivity leader. But the social and technolog-
ical capabilities of an economy determine to what extent an industry
innovates and exploits imitation opportunities.31 Aghion and Howitt
(2006) argue that traditional European institutions are mostly suited
to catching up to the technology frontier and not so much to fos-
tering innovation. For example, educational systems are more geared
towards vocational schooling rather than higher education; capital
markets are biased towards large incumbent firms rather than start-
ups; labour market regulation promotes on-the-job training but hin-
ders reallocations across firms; and innovation systems, including, for
example, patent protection laws and public R&D institutes, stimu-
late incremental innovation rather than major breakthroughs. To cap-
ture this idea, additional variables reflecting these institutional differ-
ences across countries are added to a standard catch-up model. Such
variables might influence MFP growth by affecting the pace of inno-
vation and the speed of technology imitation. For example, Griffith
et al. (2004) find that spending on research and development (R&D)
in manufacturing industries increases the pace of innovation but also
speeds up technology imitation.

29 See, for example, Nicoletti and Scarpetta (2003), Griffith et al. (2004),
Cameron et al. (2005), and Vandenbussche et al. (2006).

30 Innovation is defined as the development of technologies which are not only
new to a country, but also new to the world.

31 Fagerberg (1994) surveys the earlier literature; see also note 1 above.
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The basic model to be estimated is then:

�ln MFP = β (Technology gap) + γ X + δ(X ∗ Technology gap)

(6.26)

where X denotes one of several possible determinants of MFP of policy
interest. The key parameters are β, which quantifies the importance of
technology imitation that depends on the size of the technology gap, γ

which shows the direct effect of X on productivity growth and � which
gauges whether X has a larger effect on productivity growth for indus-
tries that are farther away from the frontier (positive sign) or closer to
the frontier (negative sign). The regressions will also include dummies
to control for fixed country-specific, industry-specific and time-specific
factors. In this section, we look at three possible determinants of MFP
growth, namely the use of ICT capital, the use of university-educated
workers and regulatory barriers to entry, as all three have been sug-
gested as important drivers of productivity growth. Moreover, the
latter two also play a prominent role in the recommendations of the
Sapir Report (Sapir et al. 2004). Based on our technology-gap measures
presented in the previous sections, we can begin testing the importance
of our potential explanatory variables for cross-country differences in
MFP growth.32

Spillovers from ICT capital

The first variable to be tested is ICT use. ICT, like other types of fixed
capital, contributes to labour productivity growth by increasing the
amount of capital input per hour worked. In previous chapters we
showed that ICT use accounted for a major part of labour productiv-
ity growth, under the assumption that the benefits of ICT capital are
reflected by the price paid for its use. A more contentious hypothesis
is that ICT generates positive externalities, i.e. benefits that are higher
than the costs being paid by the investor. Such externalities could
be caused by, for example, network effects or complementary invest-
ments, such as organisational change, that go unmeasured. The evi-
dence on externalities from ICT use is mixed. There is some firm-level

32 The analysis in this section is based on an earlier vintage of data than used in
the rest of this book, namely the March 2007 version of the EU KLEMS
database and a preliminary version of the GGDC Productivity Level database.
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Table 6.14 Relationship between technology gaps, ICT use and
productivity growth

Dependent variable: MFP growth

1 2 3

Technology gap 0.016∗∗∗

(0.004)
0.016∗∗∗

(0.004)
0.012∗∗∗

(0.004)
ICT use −0.090∗∗

(0.041)
−0.212∗∗∗

(0.068)
Technology gap ∗ ICT use 0.221∗∗

(0.108)
Number of observations 6,864 6,864 6,864

Notes: The table shows OLS regression estimates, explaining annual MFP growth
by the gap relative to the frontier, ICT use and the interaction between the
technology gap and ICT use. ∗, ∗∗ and ∗∗∗ denote coefficients significantly different
from zero at, respectively, the 10%, 5% and 1% levels. Standard errors, consistent
for heteroscedasticity and autocorrelation, are in parentheses. The industry-level
data are a balanced panel for twenty-six market industries in each of the eleven
countries for the period 1980–2004 and all regressions include country, industry
and year dummies.

and industry-level research for the USA that suggests super-normal
returns to ICT, but a recent survey and meta-analysis concludes that
the hypothesis of normal returns seems to hold (Stiroh 2004). The
evidence for countries other than the USA is more scattered and these
national studies are generally not directly comparable.33 Using the EU
KLEMS database, we can focus on MFP and test for externalities of
ICT use across a larger group of countries and industries. The exter-
nalities should show up as a positive correlation between ICT use and
MFP growth, as indicated in the model above.

Table 6.14 shows the results of this exercise. We first show a regres-
sion in which only the technology gap is used to explain MFP growth.
The technology gap is defined as minus the log of the relative MFP

33 See, for example, Brynjolfsson and Hitt (2003) for a firm-level study and
Stiroh (2002) and Basu et al. (2004) for industry-level studies. OECD (2004)
provides a collection of national studies. Basu et al. (2004) and O’Mahony and
Vecchi (2005) are among the very few cross-country studies of the productive
impact of ICT and find super-normal returns to ICT use in the USA, but not in
the UK. Draca et al. (2007) provide an overview.
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level, so that a larger gap equals a lower relative level. Column 1
indicates that industries that are further away from the technological
frontier show faster MFP growth. In the light of the theoretical models
discussed above, this might be interpreted as the result of interna-
tional technology transfers, which benefit laggard countries more than
countries close to the frontier. This finding of �-convergence of MFP
levels within service industries confirms earlier analysis by, for exam-
ple, Bernard and Jones (1996) and Nicoletti and Scarpetta (2003).

The results in Table 6.14 show that the evidence of positive exter-
nalities of ICT on MFP growth is weak. We measure ICT adoption
as the share of ICT-capital compensation in gross output. Column 2
actually shows a significant negative relationship between ICT use and
MFP growth. This would imply that the returns to ICT investments are
lower than their costs. The size of this effect depends on the distance to
the technology frontier as indicated by the interaction effect in column
3. Countries that are further away from the frontier benefit more from
ICT investment than countries that are close to the frontier. Neverthe-
less, the marginal effects of ICT use are significantly negative for the
majority of industries (about 90 per cent of the observations). This is
also economically significant. For example, the median MFP gap of
all industries is 0.33, so at the median ICT use (0.9 per cent), MFP
growth is overestimated by 0.14 percentage points. As a result, our
cross-country analyses do not suggest any positive externalities to the
use of ICT. If anything, the contribution of ICT to labour productivity
growth is somewhat overestimated by the growth accounting method.
However, this possible overestimation cannot explain the large cross-
country differences in MFP growth.

Spillovers from skilled labour

Skilled labour has also been suggested as another driver of techno-
logical change and an important source of productivity growth. Van-
denbussche et al. (2006) present a model where economies with a
larger share of university-educated workers exhibit a faster rate of
innovation, because skilled labour has a comparative advantage for
innovation compared to imitation. Hence the growth-enhancing effect
of skilled labour will be stronger for economies closer to the frontier
as the opportunities for growth through imitation decrease. Vanden-
bussche et al. (2006) present cross-country evidence supporting this
model and their study has been used in the Sapir Report (Sapir et al.
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2004) to support the policy argument that higher education stimulates
innovation. Their finding of skill externalities is all the more impor-
tant because in an earlier study, Krueger and Lindahl (2001) conclude
that while there is a high private return to education, the evidence for
externalities at the level of industries or aggregate economies is far
from conclusive.

However, the study of Vandenbussche et al. (2006) has two impor-
tant drawbacks. First, growth differences between countries are only
analysed at the aggregate level, instead of across industries within
countries, which leaves open the possibility that the positive correlation
between human capital and MFP growth is due to a country-specific
factor that is correlated with both human capital and growth.34 The
second drawback is that they rely on crude MFP measures that do not
take into account differences in hours worked or in the educational
attainment of the labour force. This means that their analysis cannot
make a distinction between private and social returns to education.
Only findings of social returns (or externalities) would provide a solid
basis for policy initiatives.

In Table 6.15, we show that while the use of crude MFP mea-
sures provides a weak confirmation of the Vandenbussche et al. (2006)
results, when using data-intensive MFP measures, the positive corre-
lation between human capital and MFP growth is absent. In the left
panel, we replicate the set-up by Vandenbussche et al. (2006), using
aggregate economy data, no country fixed effects and crude MFP mea-
sures. Columns 1 and 2 show a significant positive effect of high-skilled
workers on MFP growth. The interaction term also has a negative sign
as predicted by the model of Vandenbussche et al. (2006), but is not
significant. However, the positive effect of the share of high-skilled
workers disappears once data-intensive MFP measures are used, as
shown in columns 3 and 4. In the last columns, we rework the analysis
for our set of twenty-six market industries. The industry-level esti-
mates are consistent throughout and do not provide evidence that a
larger share of high-skilled workers has an impact on MFP growth.
Our results for the use of skilled labour are therefore similar to those

34 See Temple (2000) for a more extensive discussion of the problem with
cross-country growth regressions. This possibility is not entirely dispelled by
the fact that the positive correlation between human capital and MFP growth
disappears once taking into account country-fixed effects.
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for ICT use: there is no evidence of productivity externalities from
employing university-educated workers. As for ICT, this means that
the contribution of a higher-educated work-force to labour productiv-
ity growth is well captured in the growth accounting exercises in this
book.

The impact of regulatory barriers to entry on MFP growth

Analysing the effect of competition on productivity growth has taken
great flight in recent years (see, for example, Aghion and Griffith 2005
and Crafts 2006 for overviews). The outcome of recent theoretical
work is that more competition in product markets stimulates produc-
tivity growth because it stimulates innovation. Moreover, this effect
might be stronger when an industry is closer to the technology fron-
tier as those industries need to rely more on innovation compared to
imitation.35 Testing this prediction is not straightforward, as compe-
tition in product markets cannot be observed directly. In some cases,
changes in the regulatory regime can be used as a proxy for changes in
competition. For example, Griffith et al. (2006) use information on the
implementation of the European Single Market Programme in differ-
ent years and different countries and assume a stronger effect in some
manufacturing industries than others in order to establish that deregu-
lation improved productivity growth in manufacturing by stimulating
spending on R&D. Eventually, the liberalisation of market services
that is mandated in the EU Services Directive may provide a similar
testing ground for the effects of regulation on productivity growth in
market services.

In the meantime, the product market regulation measures compiled
by the OECD are the most useful for the purpose of measuring the
impact of regulation on productivity. Nicoletti and Scarpetta (2003)
describe the OECD Product Market Regulation Database measures in
detail and provide the first systematic empirical analysis of the impact
of regulation on productivity in a cross-country setting. Their study
has been highly influential and has been another source of inspira-
tion for the Sapir Report (Sapir et al. 2004). Nicoletti and Scarpetta
(2003) find some evidence that entry liberalisation in services increases

35 See, for example, Acemoglu, Aghion and Zilibotti (2006) for such a model.
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productivity growth, which supports the theoretical notion that entry
barriers decrease the intensity of competition. Paradoxically, they find
an impact of deregulation in services on productivity growth in manu-
facturing industries, but not in services industries.36 The mixed nature
of the results may be due to the fact that there is insufficient change
over time in the barriers to entry in some industries. For example, in
most countries, barriers to entry in retail trade hardly changed in the
period for which data are available. To identify the effects of barri-
ers to entry, an even more detailed focus on an industry with more
variation in the regulatory measures might be needed.

Inklaar et al. (2008) provide such a detailed analysis and some of
their main results are reproduced here.37 In particular, they looked at
barriers to entry in two individual industries: transport and storage
services and post and telecommunication services. For both industries,
the OECD constructed a time-series of barriers to entry covering the
entire sample period from 1980 onwards and both industries experi-
enced substantial entry liberalisation in most countries. This is most
strongly so in post and telecommunications, which changed during the
1990s from a very restrictive to an almost fully liberalised industry
environment in nearly all countries.38 Table 6.16 shows that there is
little effect of changes in barriers to entry in the transport industry,
but that in post and telecommunications, lower barriers are strongly
related to higher MFP growth (columns 3 and 4). This finding pro-
vides support for the notion that lower barriers to entry promote
productivity growth by increasing competition in the latter sector.
In general though, for other services sectors, no evidence could be
found. It might be that the OECD summary measures of regulation
do not capture all the complexities of product market regulation and
their interaction with labour market regulation. Also, most regulations
are fine-grained and industry-specific such as land zoning in retailing,
accounting standards in business services or sanitation requirements in

36 In their Table 8, Nicoletti and Scarpetta (2003) report a significant impact of
entry liberalisation in services on productivity growth across all industries.
However, in Table 7 they show that this entry liberalisation trend in services
did not significantly affect productivity growth in services.

37 The full details of the approach, including extensive robustness analyses, can
be found in Inklaar et al. (2008).

38 See Conway and Nicoletti (2006) on the trends and also Boylaud and Nicoletti
(2000) on regulation and performance in telecommunications.
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Table 6.16. The effect of barriers to entry on productivity growth in
services

Dependent variable: MFP growth

Transport and storage
Post and

telecommunications

1 2 3 4

Technology gap 0.115∗∗∗ 0.128∗∗∗ 0.077∗∗∗ 0.068∗∗∗

(0.035) (0.041) (0.023) (0.023)
Barriers −0.012 −0.007 −0.041∗∗∗ −0.060∗∗∗

(0.008) (0.008) (0.012) (0.021)
Barriers ∗ technology gap −0.011 0.037

(0.014) (0.029)
Number of observations 264 264 264 264

Notes: Dependent variable is MFP growth in the transport industry or the telecom-
munications industry. All regressions include country and year dummies. For further
notes, see Table 6.15.
Source: Inklaar et al. (2008), table 11.

the hotel business. In addition, overall entry barriers will also include
other costs such as fixed start-up costs.39 This points to the importance
of detailed regulatory and productivity measures to analyse the impact
of regulation on productivity. Chapter 7 provides a further discussion.

6.9 Concluding remarks

Economic growth analysis has been hampered by a lack of data of
sufficient quality on industry productivity levels. Neo-classical produc-
tion theory implies that accurate productivity level estimates require
industry-specific relative output and input prices and a thorough
accounting for the heterogeneity of inputs. Although each of these
problems is widely acknowledged and has been partially addressed
in various studies, the GGDC Productivity Level database presented
in this chapter is the first that provides a comprehensive treatment.

39 See Baily and Kirkegaard (2004) and Crafts (2006) on some of these
considerations. Also see Kox and Lejour (2005) on the impact of differences in
regulation across countries.
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It does so at an industry level and using detailed data on inputs and
outputs. As shown in this chapter, the differences between crude and
data-intensive measures are very important in practice: there are con-
siderable differences across countries in average hours worked; the
composition of the work-force in terms of educational attainment and
experience; the use of ICT and non-ICT capital; and prices of both
industry output, intermediate inputs and investment. Accounting for
these differences has a substantial impact on productivity level esti-
mates. In particular, this chapter has emphasised the importance of
having detailed industry measures for analyses of catch-up and con-
vergence based on technology-gap models. Results are sensitive to the
type of data used, and industry trends differ from the aggregate.

Our preferred productivity measures take into account many of the
criticisms that have been raised against cruder estimates. However,
this does not imply that all data issues have been resolved. As dis-
cussed in section 6.5 and Chapter 3, there are a number of areas for
further improvement in the basic statistics underlying the measure-
ment of productivity growth and levels. Of particular importance is
extending data on capital assets, such as land and intangible capital.
Some of the industry output prices, in particular for services industries
like finance and business services are hard to measure, both over time
and across countries. And international comparisons of educational
attainment levels and hours worked need to be improved. More gen-
erally, it is true that more detailed measures of labour and capital are
less reliable than more aggregate measures on account of limited sur-
vey evidence. Notwithstanding these remaining issues, we would argue
that our productivity level estimates provide a fruitful starting point
for further research. They should increase the degree of trust in cross-
country growth analyses, especially research employing econometric
specifications that include technology-gap variables.



7 Drivers of productivity growth
in Europe

7.1 Paths for productivity growth in Europe

In this book we have documented and analysed Europe’s produc-
tivity performance since the mid 1990s and compared it to growth
since the 1970s, as well as to the productivity record of the United
States. On both counts, Europe’s performance has been disappointing
as labour productivity growth has seriously slowed since 1995, while
it has accelerated in the United States. In this book we have analysed
the determinants of Europe’s poor productivity performance using a
new database on productivity at the industry level, the EU KLEMS
database.

While our findings confirm the established view that the growing
role of ICT and continued improvements in human capital are impor-
tant drivers of labour productivity growth, this appears not to be
the main reason that Europe has failed to show faster productivity
growth. While there are differences across European countries and
between Europe and the USA, ICT investment has become a more
important source of growth everywhere, as illustrated in Chapter 3.
Slower productivity growth in Europe since the mid 1990s has been
mainly related to a slowdown in the efficiency with which labour
and capital are used, as measured by multi-factor productivity (MFP)
growth. Indeed one key finding of Chapter 2 is that European growth
could benefit from exploiting the increased potential for productivity
growth in market services. In contrast to earlier suggestions in the lit-
erature, services industries such as trade and business services may see
rapid labour productivity growth, as evidenced by the US experience.
Given that market services are likely to continue to grow as a share
of the economy in both regions, they are potentially a major source of
economic growth. But until the mid 2000s Europe had not exploited
this opportunity, leading to a growing gap in the productivity level

252
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between Europe and the USA. By 2005, the market services sector in
Europe was 20 per cent less productive than in the USA.

In addition to slow productivity growth in market services, labour
productivity growth in goods production, a traditional European
strength, also slowed considerably after 1995. In part, this is related
to the end of the catching-up in traditional sectors of the economy,
such as agriculture in France, Italy and Spain. But labour productiv-
ity growth has also slowed down across most manufacturing indus-
tries. To some extent, this can be traced to slower capital deepening.
Indeed if investment rates do not adjust, faster employment growth
and falling unemployment numbers will lead to slower increases in
capital per hour worked. Most importantly though, MFP growth has
slowed down in virtually all goods-producing industries, as discussed
in Chapter 5.

European economies therefore face a major challenge if they are to
increase economic performance and living standards through produc-
tivity growth. To grasp the significance of this challenge we illustrate
a few productivity growth scenarios, making use of the historical MFP
performance in the periods 1980–95 and 1995–2005. Figure 7.1 illus-
trates a number of possible scenarios. The baseline scenario for both
the USA and Europe assumes that the industry growth rates of MFP for
1995–2005 will be maintained, using the 2005 value-added shares to
compute market economy growth. This implies a widening productiv-
ity gap between Europe and the USA since US MFP growth was quite
rapid over this period, while European MFP was close to stagnation.
We also look at two alternatives for European growth. In the first,
labelled ‘manufacturing renaissance’, we assume that MFP growth in
manufacturing industries would return to its 1980–95 rates. This sce-
nario considerably raises the contribution of the manufacturing sector
to aggregate MFP growth, but since manufacturing makes up a shrink-
ing part of Europe’s economies (see also Chapter 4), market economy
MFP growth in the USA would still outpace that of Europe. The other,
more optimistic, alternative assumes that Europe will be able to close
the current MFP level gap of 20 per cent by 2020 by way of faster
market services MFP growth. As the figure shows, this would require
aggregate MFP growth in Europe to increase to almost double the
US growth rate, sustained for fifteen years and with three-quarters of
aggregate growth coming from market services industries. This sug-
gests a major challenge for Europe in closing the productivity gap with
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Figure 7.1. Sector contributions to market economy MFP growth scenar-
ios, Europe and USA (Sources: Authors’ estimates using MFP growth rates
and value-added shares from the EU KLEMS database March 2008 (see
Chapter 3) and market economy productivity levels from the GGDC
Productivity Levels database (Inklaar and Timmer 2009a).)

the United States.1 Whatever scenario is ultimately realised, there are
a number of areas for research on growth that will be important for
researchers, statisticians and policy analysts for years to come. In this
chapter we briefly discuss a number of important areas for empirical
research, without the intention of providing an exhaustive overview of
the studies in the field of economic growth.2

To begin, efforts should be made to improve measures of output in
services to better monitor the performance of this sector. Specifically,
this requires more research into how we should conceptualise output

1 We also considered a slower growth scenario for the USA, assuming a
slowdown of the MFP growth rate to the average growth rate between 1980
and 1995. This puts US MFP growth at a similar rate as the baseline scenario in
Europe. So if US MFP growth stagnates while Europe continues its growth rate
as before, the productivity gap between the two regions will at best stay the
same. Only if one of the two more optimistic scenarios in Europe were to be
realised, could it overtake the US level if the latter grows at the slower rate.

2 The Handbook of Economic Growth, edited by Aghion and Durlauf (2005),
provides a good starting point for those interested in a wider overview.
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in financial services but also a renewed focus on non-market services
such as health and education (section 7.2). To better understand the
process of innovation, and its relation to productivity, the crucial role
of intangible capital needs to be recognised. Expenses on intangibles
such as R&D, licences and organisational innovations can be impor-
tant sources of productivity growth. By considering these expenses as
investments in knowledge, their contribution to growth can be mea-
sured within the standard growth accounting framework (section 7.3).
This research will require a further integration of the research fields of
innovation and economic growth.

There are other areas within the innovation research field that are
also of immediate relevance for productivity. The growth accounting
approach, which has been applied in the EU KLEMS project reported
in this book, is essentially a supply-side approach to the sources of eco-
nomic growth. The role of demand in inducing innovation paths and
boosting productivity growth is still not well understood and deserves
further attention (section 7.4).

There is also a significant literature on how competition impacts on
innovation, but more empirical research is needed to determine the
optimal level of competition to support innovation. Competition will
also have a direct effect on productivity as more intense competition
increases the rate of resource reallocation. It can lead to a faster exit of
less productive firms and a greater chance for more productive entrants
to gain a foothold and grow quickly after start-up. Government policy
can have a large influence on resource reallocation through its regu-
lation of entry barriers and the resulting degree of competition in an
industry. This is discussed in section 7.5. Section 7.6 concludes.

7.2 Measuring services productivity

A key obstacle to a better understanding of services productivity and
its determinants is the challenge of measuring output in services. As
we discussed in Chapter 3, measurement practices in the framework
of today’s National Accounts are less than perfect in providing an
accurate measure of the productivity performance of these industries.
In market services, there are major challenges in the measurement of
output and productivity in financial and business services. In addition,
there is an increased need for improvement in measurement practices in
the non-market services of government, health and education, if only
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because of their large shares in the economy. Both financial services
and non-market services deserve attention in view of the difficulties
in conceptualising their output and productivity performance, which
go beyond standard statistical measurement issues such as adequately
capturing quality improvements in deflators.

Financial services

While there have been many (anecdotal) suggestions that the financial
sector has been one of the sectors that has perversely driven US growth
during the past decade or so,3 measured productivity growth in finan-
cial services has in fact been quite low in both the USA and Europe
(see Table 2.4). However, it is questionable whether the estimates of
productivity growth in the financial sector adequately reflect the per-
formance of the financial sector. As the discussion on bank output
in Chapter 3 showed, current statistical practices are not up to the
task of measuring output and productivity adequately. There is some
circumstantial evidence that measured growth in European banking
has been overstated in recent years. By the same token, the benefits of
financial innovation are often called upon in discussions of regulation
in the financial sector, but their quantitative importance is generally
unknown.4 Before we are able to measure these factors, we still need
more clarity on what it is that banks and other financial institutions
actually provide: is it mostly transaction services or does it also include
intermediation services such as providing information on risk profiles,
and to what extent is bearing risk a ‘productive service’? There is a
large literature on what banks do (see, for example, Stiroh 2000), but
more effort is needed to translate new conceptual insights into the
coherent measurement framework of the National Accounts and to
find ways of implementing these output and productivity concepts in
day-to-day statistical practice.5

As is well known, the importance of the financial sector for economic
growth goes beyond its direct contribution to aggregate output. One

3 See, for example, Paul Krugman’s query on ‘how much of the apparent US
productivity miracle, a miracle not shared by Europe, was a statistical illusion
created by our bloated finance industry?’ (http://krugman.blogs.nytimes.
com/2009/04/16/reconsidering-a-miracle/)

4 See, for example, Frame and White (2004).
5 See Basu et al. (2009) for an initial attempt.
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of its key roles is to allocate financial resources to stimulate economic
activity in other industries. There is considerable empirical evidence
that a better-developed financial system enhances economic growth
and financial institutions can help to select and finance the most prof-
itable investment projects (Levine 2005). However, important ques-
tions remain. For instance, the role of finance in resource allocation
has only recently started to receive empirical attention in new stud-
ies based on firm-level data. Furthermore, recent evidence suggests
that the growth benefits from a more efficient financial system level
off beyond a certain level of financial development.6 And following
the global financial crisis in 2008–9, the issue of the optimal business
model and structure in the banking industry to safeguard the stability
of the financial system and deliver growth-enhancing competition has
become pressing.

Non-market services

The growing share of economic activity in non-market services, such as
health and education, has made a better understanding of productivity
growth increasingly important. Measurement of output in non-market
services is still the Achilles’ heel of empirical productivity studies. By
definition, output measurement in this sector defies the current practice
of deflating revenue or sales by an appropriate price index. Instead,
input measures are often used, implicitly assuming no productivity
growth. In recent years, much effort has been devoted to this issue
by national and international bodies responsible for developing per-
formance statistics for these sectors, mainly by experimenting with
genuine output measures based on quantity indicators. But many con-
ceptual and practical issues remain in attempts to apply the concepts
in international comparisons.7 It is common practice to divide non-
market services into those individually consumed (health, social ser-
vices, education) and collective services (criminal justice and policing,
defence, general government administration). The conceptual issues

6 On resource allocation, see, for example, Wurgler (2000) and Aghion et al.
(2007). On efficiency, see, for example, Manning (2003) and Inklaar and
Koetter (2008).

7 See, for example, Eurostat (2001), the Atkinson Review (Atkinson 2005) and
recent work at the Centre for the Measurement of Government Activity at the
UK Office for National Statistics and at the OECD.
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that need to be addressed for individual services include the use of
‘activities’ rather than costs as output measures, and the choice of
weights to employ to aggregate across activities. Activities or other
volume indicators need to be enhanced to yield quality-adjusted out-
put measures and need to take account of product and process inno-
vations in service provision. Conceptual problems are more severe for
collective services.

A few examples illustrate some of the issues that face researchers
attempting to tackle these problems. Recent studies on output mea-
surement in the health sector have resorted to readily available mea-
sures of survival rates and reductions in waiting times in adjusting for
quality.8 However, in order to estimate properly the effect of treatment
on the health of individuals, studies should go beyond these traditional
measures and somehow include quality-of-life or disability-free metrics
based on characteristics such as mobility, absence of pain, etc.

In the case of education services, arguably the best available evidence
on quality in schools comes from standardised academic achievement
tests, which are designed to be as comparable as possible across dif-
ferent schools and regions and, more recently, across countries in the
OECD PISA study. Indeed there are arguments that improvements in
quality, as measured by performance in tests, might have a consider-
ably larger impact on economic growth than a proportionate increase
in average years of schooling (Hanushek and Kimko 2000). However,
there is some concern about whether tests provide sufficiently com-
parable indicators of academic performance, especially when used to
assess students from different educational systems.

Even greater conceptual and practical problems arise when dealing
with collective services, with difficulties even in defining activities. The
Atkinson Review (Atkinson 2005) implied that, other things being
equal, the volume of protective services should increase in line with the
quantity protected. A number of problems are faced when applying this
principle to protective services (police, fire service, defence services).
For example, as both people and property are protected, the volume
of the former is probably best measured by a head-count, while the
latter is measured by an index of the capital stock. But the relative
degree of protection offered by these services to different groups of

8 For example, Dawson et al. (2005).
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people and property may differ. For defence, a balanced view needs to
be formed of what the armed services actually provide defence against
(O’Mahony and Stevens 2006).

7.3 The role of intangible capital

As advanced economies become more knowledge-intensive, they make
increasing use of a whole range of intangible assets, related to infor-
mation technology, knowledge and firm-specific competencies. These
are assets that are not physically present, but rather are embedded
in the firm’s organisational structure or in its human resources. They
crucially contribute to the firm’s and the economy’s innovation and
productivity performance. To the extent that such unmeasured invest-
ments in intangibles generate additional output growth in the future,
their growth benefits end up in the measured multi-factor productivity
(MFP) residual. There is scope, however, to measure such investments
and their productivity impact more explicitly.

Until the mid 1990s, conventional measures of investment, as
included in the National Accounts of countries, consisted primarily of
tangible assets such as equipment and structures. In the 1993 version
of the System of National Accounts (ISWGNA 1993) the treatment of
intangibles began to change with the decision to capitalise software
expenditures and include them as an investment that contributes to
GDP. This treatment has recently been extended to include scientific
R&D in National Accounts measures, mostly as a satellite account (for
example, in Canada, the Netherlands and the USA), and by the decision
of the United Nations in the 2008 revision of the System of National
Accounts. Still, the full range of value-building intangible assets are not
yet likely to be accorded the same treatment as software and scientific
R&D in the National Accounts, even though surveys show that assets
like management capability, marketing and employee-training expen-
ditures are important complementary investments to R&D. According
to Corrado et al. (2005), there is no clear-cut distinction between
tangibles and intangibles that would justify a distinction between the
former being capitalised and the latter being expensed. In fact, any
outlay that is intended to increase future, rather than current, con-
sumption should be treated as a capital investment.

Various definitions of intangible capital are possible, with differ-
ent coverage of activities, but most definitions are offspring from
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Schumpeter’s classification, including the development of new prod-
ucts and production processes, organisational change, management,
marketing and finance (Schumpeter 1934). Corrado et al. (2005) were
the first to develop an estimate of a broad range of intangibles for the
USA in the 1990s, distinguishing three categories:

(1) Computer software, which is already capitalised in the National
Accounts.

(2) Innovative property, which includes both scientific property and
‘non-scientific’ R&D. The latter includes the development of inno-
vative new financial products and architectural modelling. Spend-
ing on this exceeded the amount spent on the conventional science-
lab type.

(3) Firm-specific competencies, which is the largest category, covering
brand capital, worker training and management capability. For
example, investment in brand names was measured as a fraction
of advertising spending. As discussed below, the choice of what
to include in this broad category is still an important issue of
discussion and requires further research.

The key finding of the research by Corrado et al. (2005) is that intangi-
ble investment by US businesses averaged $1.2 trillion per year during
the 1998–2000 period, an amount that is roughly the same as invest-
ment in tangible capital at that time.9 Replication of this study for
a number of European countries suggests that levels in Europe were
lower than in the USA: the percentage of intangible investment relative
to GDP ranged from around 5% in Italy and Spain, to 7–8% in France
and Germany, 10% in the United Kingdom and 13% in the United
States (Hao et al. 2008; Marrano et al. 2009).

By capitalising intangibles, their impact on growth can also be anal-
ysed with the standard growth accounting approach. This has been
done first for the USA by Corrado et al. (2009) and more recently
for several European countries following the same methodology.

9 This is also the amount by which nominal GDP is increased by the
capitalisation of this broad list of intangibles. In percentage terms, the resulting
estimate of GDP is 10 per cent larger. The software portion of this is already
included in current GDP estimates, but this amounts to only 13 per cent of the
$1.2 trillion increase. Even if scientific R&D were added, as suggested in the
new System of National Accounts, this percentage would rise to 28 per cent,
leaving more than 70 per cent of intangibles unaccounted for.
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Figure 7.2. Intangibles and labour productivity growth in Europe and the
USA, 1995–2003, market economy. EU-5 is a weighted average of growth
accounts for France, Germany, Italy, Spain and the UK. Data is from Hao et
al. (2008). The original source for the USA is Corrado et al. (2009) and for the
UK, Marrano et al. (2009). For Germany, France, Italy and Spain, intangible
investment is estimated from a combination of National Accounts, surveys of
statistical offices and trade associations and corporate financial reports. EU
KLEMS provides the output of industries that produce intangibles, deflators
and depreciation rates of tangible assets and software and databases. Corrado
et al. (2009) provides the deflators of all intangible assets and the depreciation
rates of intangible assets excluding software and databases.

Figure 7.2 shows a summary of the growth accounting results for
the market economy in the five largest European economies (France,
Germany, Italy, Spain and the United Kingdom) and the United States.
Labour productivity growth is decomposed both by excluding and
including intangibles as investment. The figure shows that the contri-
bution from intangibles to labour productivity growth is rather high.
In the USA the intangibles’ contribution is even as high as the contribu-
tion of tangible investment. In Europe, the contribution of intangibles
is somewhat lower, both compared to the USA and compared to tan-
gibles, but still sizeable. The MFP residual is somewhat smaller, but
there are no large differences in this respect between Europe and the
USA, and a large MFP gap remains.
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Despite the significant progress in measuring intangible capital, there
are important remaining challenges in adequately determining its con-
tribution to growth and growth differentials (Hulten and van Ark
2008; Nakamura 2010). Intangibles are often created within firms and
not mediated by the market, which makes it particularly challenging
to include them in an accounting system that typically relies on mar-
ket prices to measure marginal revenues. In addition, the rate and
profiles of depreciation of intangible assets are difficult to determine,
and may be different from what standard geometric depreciation pat-
terns for tangible capital imply. An important conceptual concern is
the non-rival nature or, more generally, the externalities created by
several intangible investments (Nakamura 2010). These drive a wedge
between productivity effects at firm level and at higher levels of aggre-
gation. Positive externalities may be large for some intangibles, such
as R&D, while negative externalities may also exist, for example from
market stealing through the benefits of advertising.10 But for other
types of intangible capital, such as brand equity and organisational
competencies, many effects are firm-specific, meaning that firms can
exclude competitors from gaining access to its benefits.11

Despite these conceptual and measurement challenges, the inclu-
sion of intangibles in a growth accounts framework is an important
research track to pursue, despite the marginalistic principles of the
underlying model, as it provides an important benchmark for further
research. For example, it is very useful to provide a breakdown of
intangible investment by industry in view of the different nature of
intangibles in services from those in manufacturing, as the latter relies
more on scientific R&D.12 The linkages between technology, invest-
ment, organisation and productivity can also be further analysed in a
firm-level regression framework. For example, Bloom and van Reenen
(2007) link the intangible of corporate management practices to pro-
ductivity and show significant cross-country differences, with US firms
on average better managed and more productive than European firms.
In particular, it is suggested that US multi-nationals are organised in
a way that allows them to use new technologies such as ICT more
efficiently than non-US firms (Bloom et al. 2009).

10 See, for example, Bloom et al. (2007) who find that (positive) technology
spillovers quantitatively dominate negative market spillovers.

11 See Corrado et al. (2009). 12 See, for example, Baldwin et al. (2008).
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7.4 Demand, productivity and innovation

Research on productivity and innovation has typically been charac-
terised by a strong emphasis on the supply side: what investments are
needed to drive growth and raise productivity, and what resources
are required to support innovation. In comparison there has been lit-
tle attention paid to the demand side of innovation and productivity.
Schmookler (1966) was an early contributor who argued that the pace
of patenting followed demand for the industry’s products, and Rut-
tan (2001) more broadly argues that innovation is often induced by
market demand. Recent research has found some support for this in
the pharmaceutical industry, but other studies suggest these effects are
not ubiquitous.13 Moreover, Bartelsman et al. (1994) find that indus-
try productivity is affected by the activity level of its customers in the
short run, but this effect disappears over longer time horizons.

In general most demand-induced innovation studies have focused
on manufacturing. While one might equate ‘technology upgrading’
with the introduction of new vintages of machinery, formal R&D
and other hard science, in particular in manufacturing, the concept
of technology as used in economic theory is actually much broader
and therefore also applicable to services. ‘Technology’ describes the
available knowledge about the various ways in which inputs, such as
capital and labour, can be combined in the production of goods and
services (Hulten 2001). For service industries in particular, this may
be more strongly related to changes in organisational structure, man-
agement and work practices than ‘hard’ technological changes. Service
activities also tend to be less standardised and more customised than
manufacturing production, and depend strongly on the interaction
with the consumer, and are therefore more embedded in company and
management cultures and other intangibles. These types of technology
might less easily spill over from one firm to another than manufacturing
technologies.

13 For instance, Finkelstein (2004) finds that vaccine research is stimulated by
policies that increase the market size for these vaccines. Acemoglu and Linn
(2004) find support for demand-induced innovation in the pharmaceutical
industry when using demographic trends as an exogenous determinant of
market size. On the other hand, Acemoglu, Cutler, Finkelstein et al. (2006) do
not find such an effect using the introduction of Medicare as a determinant of
market size.
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In Chapter 2 we argued that the slow but steady shift of demand
towards services seems to have had a negative impact on aggregate
productivity growth in Europe, as productivity growth in services in
general is lower than in goods production. Baumol already put this
hypothesis forward in his cost-disease model for services (Baumol
1967, 2007).14 According to this model the rapid rise in the share
of services in total economic output reflects the perverse increase in
demand for services that are characterised by rapid cost increases
and low productivity. Recently however, the cost-disease model has
been challenged in the light of rapid productivity growth in US ser-
vices (Triplett and Bosworth 2006). In Chapter 2 we also showed that
trade and business services were responsible for the lion’s share of the
productivity growth gap between the USA and the EU. While sup-
ply factors such as innovation and market reforms certainly played a
role, these sectors were also the ones that experienced a very rapid
increase in demand during the 2000s. In the US retail sector, for exam-
ple, the rapid rise in consumption strengthened scale effects, through
the spread of ‘big boxes’, and efficiency effects, through high adoption
rates of new innovations. Gordon (2007) argues that the big-box effect
represents an ‘exceptional’ advantage to the USA due to preferences,
long distances, infrastructure, etc. and might not be easily repeated
in Europe. Scale and efficiency effects may also have resulted from
a rapid rise in outsourcing of ancillary processes such as accounting,
marketing, legal, etc. by US firms, leading to high demand for more
productive business services.

Demand factors may also play a role in personal services, such as
food preparation, childcare and cleaning services, and impact on the
measured productivity differential between Europe and the United
States. For example, Freeman and Schettkat (2005) show how dif-
ferent shares of household and market-based provision of those per-
sonal services impact on employment growth, but there could also be
implications for productivity. The argument would be that in many
European countries the current market for these services is not large
enough to justify investment in innovation through intangible assets.
More research is required to establish those links between demand,
innovation and productivity in services.

14 See Oulton (2002) for a moderated view, taking into account the role of
services as intermediate inputs.
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7.5 Resource reallocation, competition and regulation

Productivity growth in Europe may also benefit from a more flexi-
ble approach towards labour, product and capital markets in which
resources can flow to their most productive uses. In general, the effi-
ciency of resource allocation is an area of growing interest given
the wider availability of firm-level datasets and theoretical work that
recognises the importance of differences across firms in productivity
and other factors. There is a wide range of studies that have iden-
tified the impact of exit and entry on productivity and stress the
importance of more productive firms increasing their market share
relative to less productive competitors.15 For instance, Klapper et
al. (2006) have shown that legal entry barriers across Europe hold
back entry of new firms and retard the subsequent growth of new
entrants. There is also evidence emerging that the dynamics of entry
and exit and subsequent growth play a role in explaining part of
the productivity differential between Europe and the USA, as sug-
gested for example by Bartelsman et al. (2004) and Bartelsman et al.
(2005).

Based on newly developed measures of regulation in the OECD
Product Market Regulation Database, Nicoletti and Scarpetta (2003)
provide the first systematic empirical analysis of the impact of reg-
ulation on productivity in a cross-country setting, in particular for
manufacturing.16 Alesina et al. (2005) provide evidence that various
measures of regulation in product markets, in particular entry barri-
ers, are negatively related to investments. However, industry-level evi-
dence on the impact of regulations on productivity in market services
is still weak, except for telecommunications, as we have also shown in
Chapter 6. A related strand of literature focuses on the indirect effects
of regulation on growth through its impact on innovation.17 Griffith
et al. (2006) argue that the European Single Market Programme has
increased the degree of competition within manufacturing industries

15 Foster et al. (2001) and Foster et al. (2008) provide recent overviews of the
empirical literature. Restuccia and Rogerson (2008) and Hsieh and Klenow
(2009) provide theoretical models that permit the quantification of the role of
market distortions in the allocation of resources.

16 Conway and Nicoletti (2006) present updates of their indicators for
non-manufacturing industries.

17 See Aghion and Griffith (2005) for an overview.
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and as a result, innovation. This relationship is not necessarily lin-
ear. Aghion et al. (2005) show that competition should not be too
tough since firms need to earn enough rents to pay for innovative
investments, but competition should also be tough enough to provide
a motive for innovation. Also, the impact of product market deregu-
lation on employment and productivity might be mediated by labour
market institutions (Gust and Marquez 2004; Griffith et al. 2007). In
an overview, Crafts (2006) argues that there is substantial evidence
that restrictive product market regulations hinder technology transfer
and have a negative impact on productivity, in particular in the wake
of a new technology era based on ICT.

More empirical research is needed to identify the optimal level of
competition and study the relationship to productivity. Most likely,
the productivity effects will be highly industry-specific, depending, for
example, on the size and maturity of the industry and the industry con-
centration, but also on the nature of the education system, the avail-
ability of capital for start-ups, the sophistication of the consumer and
the characteristics of the legislative framework. These studies should
provide the tools not only to quantify the importance of resource real-
location but also to explain why it is greater in some countries and
industries than in others. Indeed, our analysis in this book has demon-
strated that industry heterogeneity should not be ignored and could
be exploited. This is demonstrated by, for example, Bassanini et al.
(2009), who show that the effect of strict dismissal regulations differs
systematically across industries, and, likewise, Klapper et al. (2006)
show that the effect of entry barriers is industry-specific. These sys-
tematic differences are useful in part because they allow for method-
ologically more convincing evidence, but also because they provide
new insights into why some industries are showing faster growth than
others.

The findings will prove particularly relevant for policy analysts as
well, since this research could provide further motivation for changing
market entry regulations. The drive in Europe during the first decade of
the twenty-first century towards a greater openness of service product
markets, for example through the adoption of a Services Directive
specifically aimed at creating a common market for services across
the European Union, may hold the potential to increase productivity
across Europe in the coming decades.
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7.6 Concluding remarks

The aim of this final chapter has been to outline the main findings of
this book and suggest a number of implications and new directions
for research and policy analysis based on those findings. In particular,
we emphasise that the key to faster productivity growth in Europe is
in market services. Here lie the opportunities in terms suggested by a
large productivity gap with the USA; a weight in the economy size-
able enough to have a substantial impact on aggregate growth; and
challenges in understanding and influencing the drivers of productivity
growth in this sector. We have highlighted a number of areas where
we believe a greater emphasis on research and analysis is required to
support economic policy. In particular, we discussed important chal-
lenges in the measurement of output, but also of crucial inputs in the
form of intangible capital. A greater understanding of how develop-
ments in the financial sector influence productivity in the rest of the
economy also seems highly relevant. We also emphasised how the role
of demand factors in services innovation and productivity growth is
poorly understood and how more effort is needed to understand the
patterns of resource reallocation between firms.

We started this book with two main perspectives on Europe’s falling
behind, with some observers focusing on the restrictive regulations of
product and labour markets and others stressing the failings of the
European innovation system. As the discussion in this chapter has
made clear, we believe that these are still the most relevant perspec-
tives for understanding Europe’s growth performance. Throughout
this book we have aimed to demonstrate the limitations of looking
only at aggregate trends and growth performance at the macro level.
We have shown that the industry sources of the European slowdown
are different from the sources of the US growth advantage; that the
use of ICT and human capital differs considerably across sectors; that
productivity dynamics vary widely by industry and that European pro-
ductivity levels are ahead of the USA in some industries and behind in
others. Indeed, the industry perspective adopted here helps to under-
stand better the effects of regulation and innovation on European
growth and productivity. We believe that these findings are the tip of
the iceberg and that there is great promise in further exploiting dif-
ferences across industries to gain a deeper understanding of European
growth.



References

Abel, J. R., E. R. Berndt and A. G. White (2007), ‘Price Indexes for
Microsoft’s Personal Computer Software Products’, in E. R. Berndt
and C. R. Hulten (eds.), Hard-to-Measure Goods and Services: Essays
in Honor of Zvi Griliches, University of Chicago Press, Chicago, pp.
269–89.

Abernathy, F. H., J. T. Dunlop, J. H. Hammond and D. Weil (1999), A Stitch
in Time: Lean Retailing and the Transformation of Manufacturing –
Lessons from the Apparel and Textile Industries, Oxford University
Press, Oxford.

Abraham, K. G. (2005), ‘What We Don’t Know Could Hurt Us: Some Reflec-
tions on the Measurement of Economic Activity’, Journal of Economic
Perspectives, 19(3), pp. 3–18.

Abramovitz M. (1989), ‘Thinking about Growth’ and Other Essays on Eco-
nomic Growth and Welfare, Cambridge University Press, Cambridge.

Acemoglu, D. and J. Linn (2004), ‘Market Size in Innovation: Theory and
Evidence from the Pharmaceutical Industry’, Quarterly Journal of Eco-
nomics, 119(3), pp. 1049–90.

Acemoglu, D., P. Aghion and F. Zilibotti (2006), ‘Distance to Frontier,
Selection, and Economic Growth’, Journal of the European Economic
Association, 4(1), pp. 37–74.

Acemoglu, D., S. Johnson and J. A. Robinson (2002), ‘Reversal of Fortune:
Geography and Institution in the Making of the Modern World Income
Distribution’, Quarterly Journal of Economics, 117(4), pp. 1231–94.

Acemoglu, D., D. Cutler, A. Finkelstein and J. Linn (2006), ‘Did Medicare
Induce Pharmaceutical Innovation’, American Economic Review, 96(2),
pp. 103–7.

Aghion, P. and S. N. Durlauf (2005), eds., Handbook of Economic Growth,
North-Holland, Amsterdam.

Aghion, P. and R. Griffith (2005), Competition and Growth: Reconciling
Theory and Evidence, MIT Press, Cambridge, MA.

Aghion, P. and P. Howitt (2006), ‘Joseph Schumpeter Lecture. Appropri-
ate Growth Policy: A Unifying Framework’, Journal of the European
Economic Association, 4(2–3), pp. 269–314.

268



References 269

(2007), ‘Capital, Innovation, and Growth Accounting’, Oxford Review
of Economic Policy, 23(1), pp. 79–93.

(2009), The Economics of Growth, MIT Press, Cambridge, MA.
Aghion, P., T. Fally and S. Scarpetta (2007), ‘Credit Constraints as a Barrier

to the Entry and Post-Entry Growth of Firms’, Economic Policy, 22(52),
pp. 731–79.

Aghion, P., N. Bloom, R. Blundell, R. Griffith and P. Howitt (2005), ‘Compe-
tition and Innovation: An Inverted-U Relationship’, Quarterly Journal
of Economics, 120(2), pp. 701–28.

Ahmad, N. (2003), ‘Measuring Investment in Software’, OECD/STI Work-
ing Papers, no. 2003/6, Paris.

Aizcorbe, A. and S. Kortum (2005), ‘Moore’s Law and the Semiconduc-
tor Industry: A Vintage Model’, Scandinavian Journal of Economics,
107(4), pp. 603–30.

Akkermans, D. H. M., C. Castaldi and B. Los (2009), ‘Do “Liberal Market
Economies” Really Innovate More Radically than “Coordinated Mar-
ket Economies”? Hall & Soskice Reconsidered’, Research Policy, 38,
pp. 181–91

Alesina, A., S. Ardagna, G. Nicoletti and F. Schiantarelli (2005), ‘Regulation
and Investment’, Journal of the European Economic Association, 3(4),
pp. 791–825.

Allen, R. C. and W. E. Diewert (1981), ‘Direct versus Implicit Superlative
Index Number Formulae’, Review of Economics and Statistics, 63(3),
pp. 430–5.

Atkinson, T. (2005), Measurement of Government Output and Productiv-
ity for the National Accounts (Final Report of the Atkinson Review),
HMSO.

Aulin-Ahmavaara, P. and P. Pakarinen (2007), ‘Integrated Industry and
Economy-wide TFP-Measures with Different Prices in Different Uses’,
Economic Systems Research, 19(3), pp. 253–76.

Autor, D. H., L. F. Katz and A. B. Krueger (1998), ‘Computing Inequality:
Have Computers Changed the Labour Market?’ Quarterly Journal of
Economics, 113(4), pp. 1169–210.

Baily, M. N. and J. F. Kirkegaard (2004), Transforming the European
Economy, Institute for International Economics, Washington,
DC.

Baily, M. N. and R. M. Solow (2001), ‘International Productivity Com-
parisons Built from the Firm Level’, Journal of Economic Perspectives,
15(3), pp. 151–72.

Baldwin, J. R. and W. Gu (2007), ‘Multifactor Productivity in Canada:
An Evaluation of Alternative Methods of Estimating Capital Services’,
Canadian Productivity Review, 9, pp. 1–53.



270 References

Baldwin, J., W. Gu, A. Lafrance and R. MacDonald (2008), ‘Intangible
Capital in Canada: R&D, Innovation, Brand, and Mining, Oil and
Gas Exploration Expenditures’, paper for the 30th General Conference
of the International Association for Research in Income and Wealth,
Portoroz, Slovenia, 24–30 August, 2008.

Balk, B. M. (2003), ‘The Residual: On Monitoring and Benchmarking Firms,
Industries and Economies with Respect to Productivity’, Journal of
Productivity Analysis, 20(1), pp. 5–47.

(2009), ‘Measuring Productivity Change without Neoclassical Assump-
tions: A Conceptual Analysis’, Statistics Netherlands Discussion Papers,
09-023, The Hague.

Barro, R. J. and X. Sala-i-Martin (2004), Economic Growth, 2nd edn, MIT
Press, Cambridge, MA.

Bartelsman, E. J. and M. Doms (2000), ‘Understanding Productivity: Lessons
from Longitudinal Microdata’, Journal of Economic Literature, 38(3),
pp. 569–95.

Bartelsman, E. J., R. J. Caballero and R. K. Lyons (1994), ‘Customer- and
Supplier-Driven Externalities’, American Economic Review, 84(4), pp.
1075–84.

Bartelsman, E. J., J. Haltiwanger and S. Scarpetta (2004), ‘Microeconomic
Evidence of Creative Destruction in Industrial and Developing Coun-
tries’, Tinbergen Institute Discussion Papers, no. 04-114, Amsterdam.

Bartelsman, E. J., J. Haskel and R. Martin (2008), ‘Distance to Which Fron-
tier? Evidence on Productivity Convergence from International Firm-
level Data’, CEPR Discussion Papers, no. 7032, London.

Bartelsman, E. J., S. Scarpetta and F. Schivardi (2005), ‘Comparative Anal-
ysis of Firm Demographics and Survival: Evidence from Micro-level
Sources in OECD Countries’, Industrial and Corporate Change, 14(3),
pp. 365–91.

Basker, E. (2007), ‘The Causes and Consequences of Wal-Mart’s Growth’,
Journal of Economic Perspectives, 21(3), pp. 177–98.

Bassanini, A., L. Nunziata and D. Venn (2009), ‘Job Protection, Legisla-
tion and Productivity Growth in OECD Countries’, Economic Policy,
24(58), pp. 349–402.

Basu, S., J. Fernald, N. Oulton and S. Srinivasan (2004), ‘The Case of
the Missing Productivity Growth: Or, Does Information Technology
Explain Why Productivity Accelerated in the United States but not in the
United Kingdom?’, in M. Gertler and K. Rogoff (eds.), NBER Macro-
economics Annual, MIT Press, Cambridge, MA, pp. 9–63.

Basu, S., R. Inklaar and J. C. Wang (2009), ‘The Value of Risk: Measur-
ing the Service Output of U.S. Commercial Banks’, Economic Inquiry,
forthcoming.



References 271

Baumol, W. J. (1967), ‘Macroeconomics of Unbalanced Growth: The
Anatomy of Urban Crisis’, American Economic Review, 57(3), pp. 415–
26.

(2007), ‘On Mechanisms Underlying the Growing Share of Service
Employment in the Industrialized Economies’, in M. B. Gregory, W.
Salverda and R. Schettkat (eds.), Services and Employment: Explain-
ing the U.S.–European Gap, Princeton University Press, Princeton,
pp. 63–80.

Baumol, W. J., S. A. B. Blackman and E. N. Wolff (1985), ‘Unbalanced
Growth Revisited: Asymptotic Stagnancy and New Evidence’, American
Economic Review, 75(4), pp. 806–17.
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