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This article describes the contents and the construction of the EU KLEMS Growth and Productivity
Accounts. This database contains industry-level measures of output, inputs and productivity for 25
European countries, Japan and the US for the period from 1970 onwards. The article considers the
methodology employed in constructing the database and shows how it can be useful in comparing
productivity trends. Although growth accounts are the organising principle, it is argued that the
database is useful for a wider range of applications. We give some guidance to prudent use and
indicate possible extensions.

Internationally comparable studies of the relationships between skill formation,
investment, technological change and growth have been hampered up to now 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 com-
parability of studies difficult. This article describes the construction 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 and Productivity Accounts. 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 mea-
sures are developed for 25 individual EU member states, the US 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
production theory. It provides a clear conceptual framework within which the inter-
action between variables can be analysed in an internally consistent way.

The data series, publicly available on http://www.euklems.net, can be used by
researchers employing growth accounting to consider sources of output and pro-
ductivity growth in cross-country comparisons or studies of particular industries and
different time periods, such as in Jorgenson et al. (2005) for the US and van Ark et al.
(2008) for Europe versus the US. 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. Due to its wide country and
industry coverage, potential applications of the database vary widely. For example,
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there has been considerable research on the issue of whether technical change is
skill-biased and on the impact of information and communications technology (ICT)
on the demand for skilled labour (e.g. Autor et al., 1998; Machin and van Reenen,
1998). Typically researchers estimate wage share equations by labour type and include
a variable measuring some aspect of technological change. EU KLEMS is likely to be
useful in such exercises as the database contains information on hours and wage bill
shares cross-classified by skill, gender and age and provides a breakdown of capital
into ICT and non-ICT assets. EU KLEMS data can also be combined with data from
other sources to consider relationships between competition, education, R&D,
innovation and growth (examples include Griffith et al., 2004; Aghion et al., 2005;
Vandenbussche et al., 2006; Aghion and Griffith, 2005; Inklaar et al., 2008). More
broadly, the database allows evaluation of various monetary, tax, innovation, com-
petition and other industrial policies. And it might be used in studies of international
specialisation and outsourcing (along the lines of, for example, Harrigan (1997) and
Antr!as and Helpman (2004) to name but a few) as well as studies of income
inequality and wage setting (Koeniger and Leonardi, 2007). Frequently, due to a lack
of data, many of these studies rely on industry panels. However this raises some
serious issues of interpretation since many relationships are known to vary across
industries. The EU KLEMS database with its rich data across countries allows for the
first time estimations industry-by-industry so that the cross-section panel dimension in
the data is country, rather than industry.

As with any resource, users need to understand the theoretical and practical
underpinnings of the database in order to optimise the research benefit. The main
purpose of this article is therefore to summarise the methodology employed in con-
structing the database and so guide researchers on appropriate uses. Naturally this
requires that we also consider the practical limitations of the database and indicate
areas for further improvement. In addition we illustrate the usefulness of the database
by highlighting some interesting findings on trends and levels of productivity in Eur-
ope relative to the US.

The remainder of this article is organised as follows. Section 1 considers theoretical
and practical measurement issues and summarises data sources. Section 2 describes
trends in productivity and input use in Europe and the US and considers relative
productivity levels. Section 3 is essentially a user’s guide, summarising what is in the
dataset, and outlines issues related to the use of the database in both growth
accounting and econometric analysis. This Section ends with some health warnings.
The EU KLEMS database is a dynamic resource that will be added to and revised over
time. Section 4 considers future developments, those already planned and suggestions
on ways forward in the longer term.

1. Theory and Measurement Issues

This Section considers the measurement of output and productivity growth both in
theory and practice. It begins with an outline of the growth accounting method which
is the organising principle underlying the construction of the database. However it is
important to emphasise that much of EU KLEMS is a resource independent of this
method as many basic input series are provided as well.
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1.1. Theoretical Background

To assess the contribution of the various inputs to aggregate economic growth, we
apply the growth accounting framework. This methodology has been theoretically
motivated by the seminal contribution of Jorgenson and Griliches (1967) and put in a
more general input–output framework by Jorgenson et al. (1987). It is based on pro-
duction possibility frontiers where industry gross output is a function of capital, labour,
intermediate inputs and technology, which is indexed by time, T. Each industry,
indexed by j, can produce a set of products and purchases a number of distinct
intermediate inputs, capital and labour inputs to produce its output. The production
function is given by:

Yj ! fj"Kj ;Lj ;Xj ;T # "1#

where Y is output, K is an index of capital service flows, L is an index of labour service
flows and X is an index of intermediate inputs, either purchased from domestic
industries or imported. Under the assumptions of competitive factor markets, full input
utilisation and constant returns to scale, the growth of output can be expressed as the
cost-share weighted growth of inputs and technological change (AY), using the translog
functional form common in such analyses:1

D ln Yjt ! "vX
jt D ln Xjt $ "vK

jt D ln Kjt $ "vL
jt D ln Ljt $ D ln AY

jt "2#

where "vi denotes the two-period average share of input i in nominal output defined as
follows:

vX
jt !

P X
jt Xjt

P Y
jt Yjt

; vL
jt !

P L
jt Ljt

P Y
jt Yjt

; vK
jt !

P K
jt Kjt

P Y
jt Yjt

"3#

and "vL $ "vK $ "vX ! 1. Each element on the right-hand side of (2) indicates the
proportion of output growth accounted for by growth in intermediate inputs, capital
services, labour services and technical change as measured by multifactor productivity
(MFP), respectively. It is common to define aggregate input, say labour, as a Törnqvist
quantity index of individual labour types as follows:2

D ln Ljt !
X

l

"wL
l ;jtD ln Ll ;jt "4#

D ln Kjt !
X

k

"wK
k;jtD ln Kk;jt "5#

D ln Xjt !
X

x

"wX
x;jtD ln Xx;jt "6#

1 To be more precise, A reflects Hicks-neutral technical change. Because of our approach to capital
measurement it only includes disembodied technical change, see also the discussion in Section 3.2.4.

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 et al., 1987).

F376 [ J U N ET H E E C O N O M I C J O U R N A L

! The Author(s). Journal compilation ! Royal Economic Society 2009



where D ln Ll,t 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,
and similarly for K and X. As we assume that marginal revenues are equal to marginal
costs, the weighting procedure ensures that inputs which 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.

For many analyses it is useful to subdivide total intermediate inputs into three
groups: energy, materials and services (E, M, S) such that:

D ln Xjt ! "wE
jt D ln X E

jt $ "wM
jt D ln X M

jt $ "wS
jtD ln X S

jt : "7#

With "wE
jt the period-average share of energy products in total intermediate input costs

in industry j at t and similarly for materials and services. Input volume growth of E, M
and S are defined in terms of their components as

D ln X E
jt !

X

xeE

"wE
x;jtD ln Xx;jt "8#

D ln X M
jt !

X

xeM

"wM
x;jtD ln Xx;jt "9#

D ln X S
jt !

X

xeS

"wS
x;jtD ln Xx;jt "10#

with "wE
x;jt the period-average share of product x in total energy costs in industry j at t,

and similarly for materials and services.
To analyse the separate impact of ICT and non-ICT capital, we divide capital input

growth into two groups of assets: ICT (ICT) and non-ICT (N) assets, such that:

D ln Kjt ! "wICT
jt D ln K ICT

jt $ "wN
jt D ln K N

jt "11#

with "wICT
jt the period-average share of ICT assets in total capital costs in industry j at t,

and similarly for non-ICT assets. Volume growth of ICT and non-ICT are defined as:

D ln K ICT
jt !

X

keICT

"wICT
k;jt D ln Kk;jt "12#

D ln K N
jt !

X

keN

"wN
k;jtD ln Kk;jt "13#

with "wICT
k;jt the period-average share of ICT-asset k in total ICT-capital costs in industry

j and similarly for non-ICT assets.
In terms of labour inputs, it is useful to split the volume growth of labour input 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 Hl,jt

indicate the hours worked by labour type l in industry j at time t, and Hjt total hours
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worked by all types (summed over l) then we can decompose the change in labour
input as follows:

D ln L jt !
X

l

wl ;jtD ln
Hl ;jt

Hjt
$ D ln Hjt ! D ln LCjt $ D ln Hjt "14#

with "wl ;jt the period-average share of labour type l in total labour costs in industry j.
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.4

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

D ln Yjt ! "vX
jt "wE

jt D ln X E
jt $ "vX

jt "wM
jt D ln X M

jt $ "vX
jt "wS

jtD ln X S
jt

$ "vK
jt "wICT

jt D ln K ICT
jt $ "vK

jt "wN
jt D ln K N

jt

$ "vL
jt D ln LCjt $ "vL

jt D ln Hjt $ D ln AY
jt :

"15#

The contribution of each intermediate and capital input is given by the product of its
share in total costs and its growth rate. The contribution of labour input is split into
hours worked and changes in the composition of hours worked, and any remaining
output growth is picked up by the multi-factor productivity term A. This term is also
known as total factor productivity. An example of the application of this methodology is
discussed in Section 3.1.

Finally the EU KLEMS database also includes estimates of productivity levels. Com-
paring productivity levels across countries is in many ways analogous to comparisons
over time. However, while one typically compares productivity in one year with pro-
ductivity in the previous year, there is no such natural ordering of countries. Therefore
the comparison should not depend on the country that is chosen as the base country.
There are various index number methods that can be used to make multilateral
comparisons. We use the method suggested by Caves et al. (1982). This index mirrors
the Törnqvist index approach used in our growth accounting, but all countries are
compared to an artificial !average" country (AC), defined as the simple average of all N
countries in the set. Gaps in multi-factor productivity levels can be derived by sub-
tracting the compensation-weighted relative inputs from relative output as follows
(industry and time subscript suppressed for convenience):

3 The first term is also known as !labour quality" in the growth accounting literature (see e.g. 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".

4 The growth accounting calculations in EU KLEMS included 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 one could subdivide the contribution of labour 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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Lc
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with "vs the input shares in gross output averaged between country c and the average
country AC. A comparison between two countries, say Germany and the US, can be
made indirectly: by first comparing each country with the average country and then
comparing the differences in German and US levels relative to the average country.
Inklaar and Timmer (2008) provide further discussion.

1.2. Practical Implementation

The EU KLEMS database has largely been constructed on the basis of data from
national statistical institutes (NSIs) and processed according to harmonised proce-
dures. 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 harmonisation of the basic country data has focused on a number of
areas including a common industrial classification and the use of similar 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 follows the concepts and conventions of the System of National
Accounts (SNA) framework, and its European equivalent (ESA), in many respects.
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 by group
of variables: output and intermediate inputs, labour input and capital input. This
will be discussed in more detail below.

Nominal and price series for output and total intermediate inputs 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
were bridged according to a common link-methodology. In cases where industry detail
was missing additional statistics from censuses and surveys were used to fill the gaps.
Series on intermediate inputs are broken down into energy, materials and services
based on supply-and-use tables using a standardised 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.

Labour service input is based on series of hours worked and wages of various
types of labour. These series are not part of the core set of National Accounts
statistics put out by NSIs; typically only total hours worked and wages by industry are
available from the National Accounts. For these series additional material has been
collected from employment and labour force statistics. We cross-classify hours
worked by educational attainment, gender and age (to proxy for work experience)
into 18 labour categories (respectively 3 & 2 & 3 types). 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 earnings surveys when wages were not
included in the LFS. In other instances, an establishment survey, or social-security
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database was used (Timmer et al., 2007). Care has been taken to arrive at series
which are time consistent, as most employment surveys are not designed to track
developments over time and breaks in methodology or coverage frequently occur.
Labour compensation of 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 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
characteristics for self-employed as for employees when information on the former is
missing. These assumptions are made at the industry level.

Capital input series by industry are generally not available from the National
Accounts. At best, capital stocks are estimated for aggregate investment without dis-
tinguishing various asset types. In EU KLEMS, capital input is measured as capital
services, rather than stocks. It has been measured as the weighted growth of stocks of
eight assets as in (11)–(13).5 The weights are based on the rental price of each asset
which consists of a nominal rate of return, depreciation and capital gains.6 The
nominal rate of return is determined ex post as it is assumed that the total value of
capital services for each industry equals capital compensation. Capital compensation is
derived as gross value added minus labour compensation. This procedure yields an
internal nominal rate of return that exhausts capital income and is consistent with
constant returns to scale. The nominal rate of return is the same for all assets in an
industry but is allowed to vary across industries.

For each individual asset, stocks have been estimated on the basis of investment
series using the perpetual inventory method (PIM) with geometric depreciation pro-
files. Depreciation rates differ by asset and industry but have been assumed identical
across countries. Appendix B provides more details on capital service calculations. 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. Although the ESA provides a classification of capital assets, it is not always
detailed enough to back out investment in information and communication equip-
ment. Additional information has been collected to obtain investment series for these
assets, or assumptions concerning hardware-software ratios have been employed. When
the deflator for computers did not contain an adjustment for quality change, a
harmonised deflator based on the US deflator has been used as suggested by Schreyer
(2002).

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. All aggregations of output and
input volumes across industries use the Törnqvist quantity index. For example, the
growth rate of total economy capital services is given as a weighted average of capital
services growth across industries as follows:

5 These assets are residential structures, non-residential structures, transport equipment, information
technology equipment, communication technology equipment, other machinery and equipment, software
and other fixed capital assets.

6 Taxes have not been included due to a lack of data. Also, the assets do not cover land and inventories.
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D ln Kt !
X

j

"uK
jt D ln Kjt "17#

with "uK
jt the period-average share of industry j in total economy capital compensation.

Similar industry aggregations are used for labour and value added. This is akin to the
!direct aggregation across industries" approach as developed by Jorgenson et al. (1987,
ch. 2). It 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 trace the source of aggregate growth to the underlying industry
sources explicitly.7

Aggregations are also made across countries. To do so use is made of industry-
specific Purchasing Power Parities (PPPs) which reflect differences in output price
levels across countries at a detailed industry level. The PPPs are given for the bench-
mark year 1997. PPPs are also needed to adjust output and inputs for differences in
relative price levels between countries in levels comparisons. This price adjustment is
often done by means of GDP PPPs which 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. The EU KLEMS database makes use of a new and
comprehensive dataset of industry PPPs for 1997, in combination with a benchmark set
of Supply and Use tables. PPPs for value added are constructed by double deflation of
gross output and intermediate inputs within a consistent input-output framework. In
addition, relative price ratios for labour and capital input are developed – for details
see Inklaar and Timmer (2008). Level estimates are discussed also in Section 3 below.

1.3. Comparison with OECD STAN

Empirical implementation of the growth-accounting methodology for European
countries has been scarce. Despite the publication of an OECD handbook on pro-
ductivity measurement (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 one European NSI, i.e. Statistics Denmark, has pub-
lished MFP-measures on a regular basis.8 The OECD and the Groningen Growth and
Development Centre maintain MFP series for OECD economies but not at the industry
level.9

Because of the lack of useful statistics, various scholars have based their analysis on
the OECD Structural Analysis database (STAN) and its predecessor the International

7 See Jorgenson et al. (2005, ch. 8) for an elaborate discussion.
8 Several European NSIs are experimenting with growth accounting statistics, including Statistics Neth-

erlands, Statistics Sweden, Statistics Finland and ISTAT (the Italian NSI). Outside Europe, the Australian
Bureau of Statistics, Statistics Canada and the US Bureau of Labor Statistics (BLS) maintain a detailed
productivity programme.

9 For OECD productivity programme, see http://www.oecd.org. For GGDC series, see Total Economy
Growth Accounting database at www.ggdc.nl, described in Timmer and van Ark (2005). Also see O’Mahony
(1999) and Inklaar et al. (2005) for international comparisons at the industry-level for a limited set of
countries.
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Sectoral Database (ISDB). Interestingly, these databases were never designed for pro-
ductivity analysis and as a result researchers had to apply additional methods and make
ad hoc adjustments, for example in the calculation of capital stocks.10 This was done
mostly for the purpose of one single study, which hindered validation and replication
of results by others. The OECD STAN database 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 almost exclusively based on data
published in the latest vintage of the National Accounts of each country. In addition,
EU KLEMS uses additional sources such as earlier vintages of the National Accounts,
industry surveys, labour force surveys and capital formation surveys. While essentially
complementary in many respects, the EU KLEMS database goes beyond STAN by
providing:11

' Long historical time series
' Breakdown of industries to a common level of industry detail
' A breakdown of intermediate inputs into energy, materials and services
' A breakdown of hours worked by type of worker
' A breakdown of investment into various asset types
' Calculation of capital stocks and services using a harmonised methodology
' Estimates of multi-factor productivity (MFP) based on growth accounting

Productivity measures based on aggregate concepts of inputs as in STAN can be
seriously biased. The EU KLEMS database shows that there is a general shift towards
more skilled and more experienced workers in the labour force. As such, labour ser-
vices grow faster than suggested by a crude measure of hours worked, unadjusted for
changes in labour composition. Similarly, especially in the past decade, the importance
of short-lived ICT assets relative to non-ICT assets has increased. Consequently, capital
service input growth rates are higher than capital stock growth rates as ICT assets
deliver more services per unit of capital stock. Not accounting for this shift in the
composition of capital biases input measures downwards, and consequently MFP
measures upwards.

In general, one can say that the differences in labour productivity growth rates
between STAN and EU KLEMS are relatively minor, underlying the complementary
nature of the two databases for basic data. This is useful since STAN provides data for
some OECD countries not yet in EU KLEMS plus additional information on trade
flows. Differences in output and employment growth are generally negligible, although
differences in estimates of hours worked might be bigger (see also Section 3.2).12 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 measurement in EU KLEMS often

10 Instead STAN was intended for tracking knowledge spillovers (in combination with other OECD data-
bases such as ANBERD and the input-output database) and general structural analyses.

11 STAN includes a number of variables not included in EU KLEMS, most notably imports and exports by
product group.

12 Possible differences are due to differences in the vintage on the National Accounts series used and in the
use of different index-number formulae 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.
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differs from the practice used in the National Accounts of a particular country. In
addition, EU KLEMS provides estimates of the changes in the composition of the
capital stock and in the labour force, which cannot be derived with the STAN database.

In Table 1 we illustrate the differences between input and productivity growth rates
based on EU KLEMS and those based on STAN for a particular sector (distributive trade)
and for those countries for which STAN has capital stock estimates (Germany, Italy, Spain
andtheUS). Indeed,differences inlabourproductivitygrowthrates(valueaddedperhour
worked) are generally small. But differences in the capital stock estimates can be sizeable
due to the different methodologies employed. The adjustments for capital and labour
composition in EU KLEMS provide additional information not available in STAN.13

In addition to improving MFP estimates, detailed data on various input types are
useful in their own right. They can for example be used in studies of energy efficiency,
services outsourcing, skill formation and skill premia and investment in ICT assets.

2. Growth and Productivity in Europe, Japan and the US

The data provided in the EU KLEMS database can be used for the study of a variety
of issues. In this Section we highlight some interesting findings in an analysis of
productivity growth and level differences across Europe, Japan and the US focusing on
the market economy.14

Since the mid-1990s, labour productivity growth in most European countries has
significantly slowed compared to earlier decades. In contrast, labour productivity
growth in the US accelerated, so that a new productivity gap has opened up. On the
basis of EU KLEMS data, van Ark et al. (2008) argue that this is attributable to the
slower emergence of the knowledge economy in Europe over the period 1995–2004.
When looking at the growth accounts from the perspective of the emerging knowledge

Table 1

EU KLEMS and STAN Estimates of Productivity Growth, Distributive Trades, 1995–2004
(annual average volume growth rates, in %)

Germany Italy Spain
United
States

STAN EUK STAN EUK STAN EUK STAN EUK

Labour productivity growth of which contribution by 1.9 1.9 0.9 0.9 0.2 0.6 4.6 4.4
capital stock growth 0.7 0.5 2.9 1.3 1.2 0.8 1.2 0.9
changes in capital composition – 0.1 – 0.2 – 0.3 – 0.2
changes in labour composition – 0.0 – 0.5 – 0.4 – 0.3
MFP growth (value added based) 1.2 1.3 %2.0 %1.1 %1.0 %0.9 3.4 3.1

Notes. Contributions of factor inputs are calculated as the share of input times the growth rate, in percentage
points.
Source. STAN estimates based on OECD, STAN database, release March 2008. EUK from EU KLEMS database,
release March 2008, see Timmer et al. (2007). Figures might not add due to rounding.

13 See Inklaar et al. (2008) for a discussion of the sensitivity of results to alternative productivity measures in
the context of a study on the impact of regulation and skilled labour on productivity catch up.

14 Market economy in EU KLEMS excludes the real estate sector, public administration and education,
health and social services, due to problems in measuring productivity in these sectors, see Section 4.2.
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economy, they focus on the summed contributions of three factors: direct impacts from
investments in information and communication technology, changes in labour com-
position mostly driven by greater demand for skilled workers and multifactor pro-
ductivity growth, which includes the impact of innovation and intangible investments
such as organisational changes related to the use of ICT. Table 2 reproduces the
calculations underlying their findings, updated to 2005 and including some additional
European Union countries and Japan. The first column of Table 2 shows the growth
rate of output in the market economy of 16 European countries, the EU total, Japan
and the US between 1995 and 2005. The second and third columns divide that growth
into changes in hours worked and changes in output per hour – or labour productivity.
Columns 4–7 divide up the growth in labour productivity into four factors: changes in
labour composition, investments in ICT, other types of investments and multifactor
productivity. The final column in Table 2 shows the !knowledge economy" contribu-
tions as defined above and highlights the discrepancy between growth in Europe and
the US noted by van Ark et al. (2008).

One key observation to be drawn from this Table is that the main difference in
labour productivity growth between individual European economies and the US is to
be found in multifactor productivity, not in differences in the intensity of the pro-
duction factors. For the EU as a whole, the labour productivity growth gap is 1.4
percentage points of which 0.9 can be explained by lower MFP growth in the EU.
Lagging ICT investments explains only 0.4 percentage points of the growth-gap, while
growth differences in non-ICT capital per hour and in labour services per hour are
negligible. The same story holds for most European countries. Similarly, the sources of
labour productivity growth in Japan are very similar to those in the EU, except that
employment growth in Japan was negative.

Within Europe, there is also a divergence of labour productivity growth rates. This is
not so much due to differences in input growth rates. In particular, in all countries
there have been positive contributions of changes in labour composition and from
investment in ICT. Instead differences in multifactor productivity seem to have driven
the divergence across Europe. In Belgium, Denmark and Germany, MFP growth is
below 0.5% per year and in Italy, Czech Republic and Spain it is even negative. In
contrast, MFP growth in Finland, Hungary and Ireland is around 3%. Note in the case
of these countries, MFP also captures some element of conventional catch-up growth as
they lagged relatively far behind the rest in 1995.

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. For example, studies on
the impact of differences in education, research and development or market regulation
across countries rely heavily on level measures of MFP which indicate the distance to
the technology frontier.15 Inklaar and Timmer (2008) provide new productivity level
estimates which complement the EU KLEMS growth accounts. Table 3 shows relative
MFP levels for the market economy and a division of this into four sectors: ICT goods
and services production, manufacturing, other goods production and market services.

15 See e.g. Cameron et al. (2005), Griffith et al. (2004), Nicoletti and Scarpetta (2003), Vandenbussche et al.
(2006) and Inklaar et al. (2008).
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These estimates suggest that in 2005 the US had a significant MFP lead over all
European countries. Relative MFP in the EU is only 79% of the US. This gap is mainly
in market services, ICT production and other goods production (around 80%), rather
than in manufacturing (90%). In fact, in manufacturing MFP levels in 2005 in some
countries are close to the US or even above, including Belgium, Finland, France,
Germany, Ireland and Netherlands. In contrast, in market services significant pro-
ductivity gaps with the US exist in almost all European countries, in particular Italy. In
Japan large gaps are to be found in both manufacturing and market services.

Figure 1 traces the developments of relative input and productivity levels in the
European market economy over the period 1980–2005 by extrapolating the level esti-
mates with growth rates from the EU KLEMS database. Up to the mid-1990s labour
productivity in Europe caught up with the US, continuing the long-term trend since
the Second World War. This narrowing of the labour productivity gap was mainly due
to higher investment in Europe than in the US. Capital intensity levels increased from
about 82% of the US level in 1980 to 95% in 1995, while relative MFP levels remained
more or less constant. This period of rapid capital intensification was primarily related
to the high wage/rental ratios in Europe compared to the US (van Ark et al., 2008).
This trend reversed in the mid-1990s as investment in ICT in the US soared and relative
cost of labour in the EU countries declined due to policies to raise the employment
rate. At the same time the MFP gap between the EU and the US widened which, as
implied by Table 3, is concentrated in market services.

This short description of productivity in the EU compared to the US illustrates some
of the uses of the database. To date, EU KLEMS data have also been used to study the

Table 3

Relative Levels of Multifactor Productivity, 2005 (US! 1)

Market
economy

ICT
production Manufacturing

Other goods
production

Market
services

Austria 0.67 0.48 0.75 0.97 0.63
Belgium 0.86 0.50 1.09 1.03 0.80
Czech Republic 0.44 0.18 0.54 0.57 0.42
Denmark 0.84 0.51 0.70 0.84 1.01
Finland 0.90 1.24 1.07 0.86 0.78
France 0.80 0.93 0.97 0.75 0.80
Germany 0.85 0.80 0.97 0.75 0.84
Hungary 0.47 0.45 0.51 0.54 0.45
Ireland 0.93 0.52 1.54 0.56 0.87
Italy 0.65 0.61 0.82 0.78 0.60
Netherlands 0.92 0.53 0.96 0.81 1.03
Portugal 0.61 0.43 0.54 0.56 0.78
Slovenia 0.46 0.33 0.66 0.27 0.51
Spain 0.71 0.41 0.65 0.90 0.77
Sweden 0.84 2.58 0.85 0.95 0.76
UK 0.77 0.90 0.91 0.78 0.77

EU 0.79 0.77 0.90 0.79 0.79
Japan 0.47 0.66 0.60 0.33 0.46
US 1.00 1.00 1.00 1.00 1.00

Notes. For industry classification, see Appendix Table 2. EU refers to (weighted) average of the old EU-15
countries shown in the Table. MFP is based on value added. Based on GGDC Productivity Level database, see
Inklaar and Timmer (2008).

F386 [ J U N ET H E E C O N O M I C J O U R N A L

! The Author(s). Journal compilation ! Royal Economic Society 2009



role of general purpose technology on economic growth (Jalava and Pohjola, 2008),
the issue of embodiment of energy-saving technologies (Kratena, 2007), the impact of
market regulation on productivity growth in services (Inklaar et al., 2008), the impact of
structural change on productivity (Maudos et al., 2008) and studies of European
competitiveness (European Commission, 2007).

3. A Short Description of the EU KLEMS Database

This Section is a brief guide to the use of the EU KLEMS database. It begins with a
description of the data series and then considers some measurement issues which
might impact on researchers" use of the data. It highlights the main issues and looks
at some problems that might arise when using the data in these contexts – readers
should refer to the methodology and sources document (Timmer et al., 2007) for
details.

3.1. Country/Industry/Variable Coverage

The second public release of the EU KLEMS database in March 2008 covers 25 EU
countries, as well as Australia, Japan and the US. In general, data for 1970–2005 are
available for the !old" EU-15 countries, while series from 1995 onwards are available for
the new EU member states which joined the EU on 1 May 2004. Appendix Table 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 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 volumes and prices of employment.
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Fig. 1. Productivity and Capital Intensity Levels in Europe, Market Economy, US ! 100
Notes. EU refers to EU-15. Authors" calculations based on Inklaar and Timmer (2008).
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Most series are part of the present European System of National Accounts (ESA 1995)
and can be found in the National Accounts of all individual 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 1.1. Finally,
additional series are given which have been used in generating the growth accounts
and are informative by themselves. These include, for example, various measures of the
relative importance of ICT capital and non-ICT capital, and of the various labour types
within the EU KLEMS classification.16

At the lowest level of aggregation, data were collected for 71 industries. The
industries are classified according to the European NACE revision 1 classification. But
the level of detail varies across countries, industries and variables due to data limi-
tations. In order to ensure a minimal level of industry detail for which comparisons
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 62 industries for the period from 1995 and 48
industries pre-1995. Growth accounts are available for 31 industries as given in
Appendix Table 2. This list also includes higher level industry aggregates provided in
the EU KLEMS database.

Growth accounts are included for 14 EU countries (excluding Greece) and for the
Czech Republic, Hungary and Slovenia from the New Member States, Australia, Japan
and the US. For all other countries only labour productivity and its underlying data
series are included. Appendix Table 3 provides more details on the period-coverage for
each variable. Finally, data are also provided for four institutional country groupings:
EU-25, EU-15, EU-10 and Euro zone.17

It is useful at this stage to present an example of the growth accounting method. In
Table 4 we show output growth decomposition for one industry: Business services
excluding real estate (ISIC 71 to 74) for the period 1995–2005. The decomposition is
shown for a number of large European countries, Japan and the US by way of example.
In the lowest panel we provide the share of each input in the value of output, which
under the growth accounting assumptions, equals total costs, averaged over 1995 and
2005. In the middle panel one can find the growth rate of each input and in the upper
panel the contribution of each input to gross output growth (which is derived by

16 The basic labour and capital input data series are also publicly available at the EU KLEMS website,
except for some countries where confidentiality had to be respected.

17 Aggregate tables are provided for four institutional country groupings: EU-25 (all member states of the
EU as of 1 May 2004), EU-15 (all member states of the EU as of 1 January 1995), EU-10 (all states which joined
the EU on 1 May 2004) and Euro (all countries in the euro zone as of 1 January 2001). We also provide an
aggregation for those countries for which there is long-run capital and labour composition data. These
groups are called EU-15ex and Euroex.
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multiplying its share by its growth rate). It can be seen that output in this industry
showed significant growth during the past decade in all countries, and that its sources
of growth were highly varied. Labour is the most important input taking up about 40%
to 50% of total costs in this industry. Labour’s contribution to output growth is high as
hours worked increased rapidly in all countries and there was a concomitant shift of
hours towards higher skilled workers as indicated by the positive and high contribution
of the change in labour composition. Also the use of intermediate inputs grew rapidly
for all types of intermediates but, due to its large share in total costs, growth in pur-
chased services contributed most to output growth. As to be expected, the fastest
growing input in all countries was ICT capital with annual average growth rates of 9%
or more and, although its share in costs is still modest, its contribution to output was
sometimes higher than for the traditional non-ICT assets. Finally, MFP growth
appeared to be small and often negative. It indicates that the overall efficiency with
which intermediate, capital and labour inputs have been used was not increasing (see
below for an interpretation of MFP figures).18

Table 4

Decomposition of Gross Output Growth in Business Services, 1995–2005

Gross
output

Intermediate inputs Labour input Capital input MFP

Total Energy Materials Services Total
Hours
worked

Labour
composition Total ICT Non-ICT

Contribution to gross output volume grcwth
Spain 6.7 3.7 0.1 1.1 2.4 2.6 2.2 0.4 1.2 0.3 0.8 %0.8
France 3.9 2.2 0.0 0.4 1.9 1.5 1.3 0.2 0.8 0.4 0.5 %0.6
Germany 2.8 1.4 0.0 0.1 1.2 1.4 1.4 %0.1 2.7 1.1 1.5 %2.7
Italy 4.1 2.1 0.1 0.3 1.7 2.3 2.2 0.1 0.5 0.2 0.3 %0.9
Japan 4.1 1.3 0.0 0.1 1.3 1.5 1.2 0.3 1.0 0.7 0.3 0.3
UK 7.2 3.1 0.1 0.1 2.9 2.0 1.7 0.3 1.6 0.9 0.7 0.5
US 6.0 2.9 0.1 0.9 2.0 1.6 1.1 0.2 2.1 1.4 0.6 %0.5
Volume growth
Spain 6.7 8.2 9.7 7.8 8.3 6.1 5.2 0.9 10.0 12.1 9.0 %0.8
France 3.9 5.0 1.4 5.1 5.1 3.4 3.0 0.4 6.7 9.7 5.4 %0.6
Germany 2.8 4.1 2.6 3.1 4.3 4.0 4.2 %0.2 8.5 17.4 6.0 %2.7
Italy 4.1 5.0 2.5 3.4 5.7 6.2 5.8 0.4 2.6 16.2 1.6 %0.9
Japan 4.1 3.0 3.4 1.1 4.4 3.4 2.7 0.8 7.3 11.0 4.1 0.3
UK 7.2 7.6 5.3 3.4 8.2 4.5 3.8 0.7 11.7 19.0 7.3 0.5
US 6.0 8.5 5.9 13.3 7.3 3.1 2.1 0.5 14.5 22.3 7.8 %0.5
Average share in nominal gross output of 1995 and 2005
Spain 100.0 45.3 1.5 14.4 29.4 42.6 12.1 2.7 9.4
France 100.0 45.2 1.2 7.2 36.7 42.5 12.3 3.9 8.4
Germany 100.0 33.5 0.7 4.0 28.9 34.6 32.0 6.4 25.6
Italy 100.0 41.9 2.4 9.4 30.1 37.7 20.4 1.5 18.9
Japan 100.0 42.7 0.8 12.6 29.2 44.0 13.3 6.2 7.1
UK 100.0 40.6 1.1 4.2 35.3 45.7 13.7 4.6 9.1
US 100.0 34.4 0.9 6.5 27.0 51.4 14.3 6.2 8.1

Notes. Business services refer to NACE industries 71 to 74, thus excluding real estate. Contribution of inputs
calculated as the share of input times the volume growth rate. Figures might not add due to rounding.
Calculations based on EUKLEMS database, release March 2008, see Timmer et al. (2007).

18 Negative MFP growth in business services in the US has also been found by Jorgenson et al. (2005) and
Triplett and Bosworth (2006).

2009] F389E U K L E M S D A T A B A S E

! The Author(s). Journal compilation ! Royal Economic Society 2009



3.2. Measurement in EU KLEMS: Some Health Warnings

Some general remarks on usage of EU KLEMS data are also warranted. The data are
suitable for both growth accounting and econometric exercises but the issues touched
on below caution that the user should also 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 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 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 econo-
metric analysis with judicious use of methods.

In addition it should be emphasised that growth accounting is useful as a descriptive
tool but that it is merely accounting and says nothing about causality. 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. In addition comple-
mentarities between various types of inputs are not taken into account, e.g. between
skills and ICT capital. More fundamentally, proximate sources of growth such as input
growth are endogenous to deeper causes of growth such as technical change, institu-
tions, geography or macro-economic policies (Maddison, 1995). But growth accounting
provides a useful starting point to the identification of the contributions of the prox-
imate sources of growth. It also 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 underlying 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.

Below we discuss some general issues which are important for potential users, 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 et al. (2007).

3.2.1. 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 measurement 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
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problems boil down to the fact that service activities are intangible, more heteroge-
neous than goods and often dependent on the actions of the consumer as well as the
producer. A distinction should be made for 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 mea-
surement of output volumes, 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 forward in the measurement of the nominal
value and prices. Output measures in the National Accounts should give a fairly
accurate – albeit not perfect – internationally comparable picture of developments in
market services.19

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 is provided by the public
sector, namely public administration, education, health and social services.20 The main
problems in measuring output in non-market sectors relate to the lack of market prices
that allow aggregation across diverse outputs, in addition to the need to incorporate
quality improvements.21 Typically, in the past, nominal output was measured by wages,
sometimes including 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 EU 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. The data cannot be used as evidence that, say, health services in one
country are more efficient or better than in another country in some overall sense. But
EU KLEMS data may well be useful in considering the use of ICT or skilled labour in
the health sector across countries.

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 dwell-
ings, so again productivity measures for this industry need to be interpreted with care.
Given the measurement problems in regard to non-market sector and real estate, EU
KLEMS presents aggregates for the total market economy which excludes both.

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 inter-
mediate 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 in the period before. Earlier estimates
in EU KLEMS are sometimes based on historical input–output tables which were not

19 See Appendix A in Inklaar et al. (2008) for a survey of the current state of services output measurement
practices.

20 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.

21 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.
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integrated with the National Accounts and only available for benchmark years, neces-
sitating interpolation and on occasion assuming EMS shares constant over time or
across a sub-set of industries.

3.2.2. 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 affects levels
comparisons (OECD, 2008, Annex 1). Incorporating adjustments for composition is
more contentious. In EU KLEMS, skill levels are divided into high, medium and low
categories22 – this division is dictated by the need to keep the number of categories
relatively low given sample sizes in the underlying surveys. This fairly aggregate division
can lead to biases in the aggregate composition adjustment if employment trends and
wage shares differ within categories. The extent of these biases also relate to the
comparability of educational attainment and qualifications across countries, since some
sub-categories with relatively 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. In addition 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.

It is also important to note that the level of independent industry detail is much
lower for labour composition than other variables, again dictated by the survey samples.
In many cases the detail is restricted to 15 industries, largely one-digit sectors but with
manufacturing divided into three groups: intermediate goods, investment goods and
consumer goods. 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 will just reproduce
this assumption. 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 self-
employed are often not (sufficiently) covered in the labour force surveys. Similarly, for
most countries, labour type characteristics 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 measured 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 (many) fewer
hours than men.

The growth accounting section of EU KLEMS presents estimates of volume of labour
input and labour services. Implicit in the construction of these series is the assumption
that each type of labour is paid its marginal product. In some circumstances this
assumption is not appropriate, e.g., if there is widespread monopsony power within an
industry (Manning, 2003) or an industry approximates a bilateral monopoly. These

22 See EU KLEMS methodology document (Timmer et al., 2007) for definition of each educational group
in each country.
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problems might be addressed by inclusion in regression equations of variables that
proxy for collective bargaining. 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.

3.2.3. Capital input
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 industries in the so-called capital-flow matrix is generally not 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.23 Also
within EU KLEMS various assumptions have been used to generate the capital-flow
matrix, in particular for the breakdown of computing equipment (IT) and commu-
nications equipment (CT) by industry. In most cases, EU countries provide estimates of
software by industry for recent years, although the extent of backdating and industry
coverage varies, and sufficient survey information to allow separate identification of
computing and communications equipment. However 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 industries. Hence there is more likelihood of error
and non-comparability in these series than for other assets, especially in earlier periods.

Another particular problem concerns the issue of ownership versus use of capital
assets. In general, assets are allocated to the industry of ownership, i.e. 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 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.

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 due to a
lack of data. Inventories can be especially 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 productivity
measures of most other industries, especially since land is often included with
structures investment.

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 depre-
ciation 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. As a
second-best solution constant rates are assumed.

23 For example, to distribute parts of equipment, computers and software the BEA uses occupation-by-
industry data, rather than investment survey data (Meade et al., 2003).
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One of the more stringent assumptions in capital service measurement is the
assumption of constant returns to scale. Capital services are constructed employing
user costs of capital as weights assuming an ex post rate of return (see Appendix B for
details). However ex post rates of return can only be derived under constant returns to
scale as in the KLEMS accounting system nominal input costs equal nominal output
revenue. Alternatively, user costs can be based on ex ante measures in which an exo-
genous rate of return is derived outside the accounting system. This enables one to
estimate costs alongside revenues and allows for non-zero profits. The use of ex ante
rates of return in capital services has first been suggested by Diewert (1980) and is
gaining stronger support, in particular in situations where not all assets are covered; see
e.g. Oulton (2007). Further analysis has shown that that the impact of alternative
methods on capital services growth is small for most industries (Erumban, 2008).

3.2.4. Multi-factor productivity
In our approach to growth accounting, MFP growth measures disembodied techno-
logical 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. In addition, one might also be interested in a proxy for
embodied technological change. 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
alternative measures of capital input.

MFP growth rates in EU KLEMS are occasionally negative, especially for some
services industries. This might seem improbable as, under strict neo-classical
assumptions, MFP growth measures disembodied technological change and negative
MFP would indicate technological regress. However, in practice measured MFP in-
cludes a range of other effects.24 First, in addition to technical innovation it also
includes the effects from organisational and institutional change. For example, the
successful reorganisation of a business to streamline the production process will
generally lead to higher MFP growth in 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).

Second, MFP measures pick up any deviations from the neo-classical assumption
that marginal costs reflects marginal revenues. If, for example, ICT investments
have been driven more by herd behaviour than by economic fundamentals, as
may have occurred in the run up to the dot.com bubble, marginal costs might
be higher than marginal revenues. Consequently, MFP is underestimated and the
contributions of ICT investment to growth are overestimated as growth account-
ing assumes that marginal cost reflects marginal revenue. Conversely if there
were above normal returns to ICT its contribution would be underestimated
(O’Mahony and Vecchi, 2005). Or, in the case of imperfect competition, an
increase in mark-ups will be picked up by a decline in measured MFP, keeping

24 See Hulten (2001) for an elaborate biography of the MFP concept.
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the capital–labour ratio constant. One way to relax the underlying market-clearing
assumptions and allow for mark-ups and varying returns to scale is to use cost
shares rather than output value shares (Hall, 1988; Crafts and Mills, 2005).
However this requires independent estimates of the cost of capital through
ex ante rates of return as discussed above.

Third, being a residual measure, MFP growth also includes the effects from changes
in unmeasured inputs, such as research and development and other intangible
investments (Corrado et al., 2006). Finally, MFP includes measurement errors in inputs
and outputs, such as underestimation of the quality change of new services products,
which might be proceeding faster today than in the past, although there is little hard
evidence available so far.

MFP measures can be derived at various levels of aggregation. Gross output
decompositions are most meaningful at the lowest level of aggregation, viz., estab-
lishments. As soon as aggregates of gross output are decomposed, one runs into
problems of comparability over time and across countries, depending on differences in
vertical integration of firms. Ideally, decomposing gross output should be done on a
sectoral output measure which excludes intra-sectoral deliveries of intermediates
(Gollop, 1979). Measures of sectoral output require detailed symmetric domestic
input–output tables, which are not available on a sufficiently large scale for all Euro-
pean countries. Also, a coherent framework for aggregation in an open economy has
not yet been developed, as the standard methods ignore the role of imports. Therefore,
we present gross output decompositions only at the lowest possible industry level,
depending on the level of detail of output and inputs, and do not show any industry
aggregates. In the current database we also present the decomposition of value added
growth, which is insensitive to the intra-industry delivery problem. The decomposition
results for the latter are shown for all aggregation levels, up to total economy.

In summary, this Section has identified a number of issues that can affect the uses of
EU KLEMS data. Some are unavoidable since the database relies heavily on National
Accounts data and so need to await further developments in NSIs. In this respect, by
confronting various data-sources within and across countries, the EU KLEMS database
is useful in indicating 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. But, 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.

4. Future Developments

This article 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 Canada, China, India,
South Korea and Taiwan. While the EU KLEMS data can provide descriptive analysis of
growth and its contributors, potentially its greatest benefit will be in future research
where it is linked to additional databases. The following extensions seem to be
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particularly promising: inclusion of innovation indicators and intangible investment;
international trade and environmental pollution indicators and measures of firm-level
dynamics. The EU KLEMS consortium is engaged in research that should begin pop-
ulating some of these variables, although the coverage across countries, industries and
time will be less comprehensive than the variables in the current dataset.

To explain differences in productivity growth, additional information on innova-
tion inputs and outputs will be needed. Investment in intangibles, such as innovative
property through research and development and firm-specific economic compe-
tences such as organisational capital and brand equity, has become increasingly
important for growth. Although some of these concepts are intuitive at the firm-
level, the development of industry-aggregates provides particular challenges, in
particular with respect to rates of depreciation and prices series to derive volume
measures.25 In addition innovation output measures such as patent counts will be
added to the database.

For studies of outsourcing and international trade, further integration of trade
statistics is highly desirable. Through the use of a supply-and-use framework, as in
EU KLEMS, bilateral product-level trade statistics can be mapped into an industry
classification, and inter- and intra-industry trade flows can be traced. A particular
challenging extension would be the inclusion of environmental pollution indicators.
This database can be instrumental in studying the relationships between economic
growth, socio-economic development and environmental quality within an inter-
national framework.

Another promising avenue for further research is in the linking of firm-level-based
variables that might affect industry productivity trends. Candidate variables are those
related to market structure such as concentration rates and share of foreign firms, and
dynamics of the industry such as entry and exit rates or average age of firms. An obvious
link will be to firm level databases such as the Amadeus company accounts database or
data on entry and exit at the plant level from national production surveys (Bartelsman
et al., 2005). An additional potentially useful avenue of research is to match data from
labour market databases to EU KLEMS. For example data from the UK Workplace
Employee Relations Survey (WERS) is currently being aggregated to industry level and
matched to EU KLEMS. Labour Force Surveys offer a potentially rich source of data, for
example, on the use of migrant labour, the extent of workplace training and flexible
working arrangements.

Finally, while an industry database has its own uses, it may also facilitate com-
parative research based on data at the firm level that are unaffected by restrictions
imposed by aggregation. In this way, the EU KLEMS database can provide industry-
country measures of variables such as productivity, ICT and skilled labour that can
be used as control variables or interactions in conjunction with firm level data.
Industry measures can also be used to benchmark firm-level distributions, which
are typically not comparable across countries due to different coverage of firms
(Bartelsman et al., 2005).

From the outset, the consortium and its European Commission sponsors were
committed to ensuring the EU KLEMS database was a public good, with free access to

25 See Corrado et al. (2006) on the measurement of intangibles.
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both the research and policy community. It is hoped that it provides a stepping-stone
and encouragement for others to further develop the database through a process of
addition or links to compatible data. Although open-source databases are not partic-
ularly abundant in our profession, there is little doubt they generate external benefits
for both producers and users.

University of Birmingham and NIESR
University of Groningen

Appendix A. EU KLEMS Institutes
The following is a list of institutes participating in the EU KLEMS project: Rijksuniversiteit
Groningen (RUG), Groningen; National Institute of Economic and Social Research (NIESR),
London; Centre d"#etudes prospectives et d’informations internationales (CEPII), Paris; Centre
for Economic and Business Research (CEBR), Copenhagen; CPB Netherlands Bureau for Eco-
nomic Policy Analysis, The Hague; Statistics Netherlands, The Hague; Deutsches Institut für
Wirtschaftsforschung e.V. (DIW), Berlin; Federaal Planbureau, Brussels; Istituto di Studi e Analisi
Economica (ISAE), Rome; ISTAT, Rome; Instituto Valenciano De Investigaciones Economicas
(IVIE), Valencia; Helsingin kauppakorkeakoulu (Helsinki School of Economics), Helsinki; Sta-
tistics Finland, Helsinki; Austrian Institute of Economic Research (WIFO), Vienna; The Vienna
Institute for International Economic Studies (WIIW); AMsterdam Business and Economic
Research (AMBER); The Conference Board Europe (TCBE), Brussels; Dale Jorgenson and
associates, Cambridge; University of Konstanz; University of Birmingham; Pellervo Economic
Research Institute (PTT), Helsinki; Hitotsubashi University, Tokyo; Statistics Luxembourg;
Statistics Sweden. See also http://www.euklems.com.

Appendix B. Measurement of Capital Services Growth
According to the perpetual inventory model (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:

Si;T !
X1

t!0

@i;t Ii;T%t "A:1#

with Si,T the capital stock (for a particular asset type i) at time T, oi,t the efficiency of a
capital good i of age t relative to the efficiency of a new capital good and Ii,T%t

the investments in period T % t. An important implicit assumption made here is that the
services by assets of different vintages are perfect substitutes for each other. As in most
studies, a geometric depreciation pattern is applied. With a given constant rate of
depreciation di which is constant over time, but different for each asset type, we get oi,t !
(1 % di)

t%1, so that:

Si;T !
X1

t!0

"1% di#t%1Ii;T%t ! Si;T%1"1% di# $ Ii;T : "A:2#

If one assumes that the flow of capital services from each asset type i (Ki) is proportional to the
average of the stock available at the end of the current and the prior period (Si,T and Si,T%1), one
can aggregate capital service flows from these asset types as a translog quantity index to:

D ln K ! ln KT % ln KT%1 !
X

i

"vi"ln Si;T % ln Si;T%1# "A:3#
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where weights are given by the average shares of each component in the value of capital
compensation "vi ! 1=2"vi;T $ vi;T%1# and vi;T ! pi;T Si;T=

P
i

pi;T Si;T .
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, because the annual amount of capital services delivered per euro of investment in ICT is
much higher than that of an euro invested in, say, buildings. While an ICT asset may typically be
scrapped after 5 years, buildings may provide services for decades. In addition, ICT assets have a
high user cost due to rapidly declining prices. For example, the user cost of IT-machinery is
typically 50% to 60% of the investment price, while that of buildings is less than 10%. Therefore
one euro of IT capital stock gets a heavier weight in the growth decomposition than one euro of
building stock. This different weight on capital services is picked up by using the rental price of
capital services, pK

k;t , which reflects the price at which the investor is indifferent between buying
or 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 $ dkpI
k;t % "p

I
k;t % pI

k;t%1# "A:4#

with it representing the nominal rate of return, dk 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.

The nominal rate of return is determined ex-post as in the endogenous 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 derived as a residual as
follows:

ij ;t !
pK

j ;tKj ;t $
P
k
"pI

k;j ;t % pI
k;j ;t%1#Sk;j ;t %

P
k

pI
k;j ;tdk;j Sk;j ;t

P
k

pI
k;j ;t%1Sk;j ;t

"A:5#

where the first term pK
j ;tKj ;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.

Table A1
Variables in EU KLEMS Database

Labour productivity variables
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)
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
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
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Table A1
Continued

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)
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 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 year)
GOConII Contribution of intermediate inputs to output growth (percentage points)
GOConIIM Contribution of intermediate energy inputs to output growth (percentage points)
GOConIIE 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

Additional labour and capital variables
CAPIT ICT capital compensation (share in total capital compensation)
CAPNIT Non-ICT capital compensation (share in total capital compensation)
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)
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Table A2
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 30t33
Post and telecommunications 64
GOODS PRODUCING, EXCLUDING ELECTRICAL MACHINERY GOODS
TOTAL MANUFACTURING, EXCLUDING ELECTRICAL MexElec
Consumer manufacturing Mcons
Food products, beverages and tobacco 15t16
Textiles, textile products, leather and footwear 17t19
Manufacturing nec; recycling 36t37
Intermediate manufacturing Minter
Wood and products of wood and cork 20
Pulp, paper, paper products, printing and publishing 21t22
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 27t28
Investment goods, excluding hightech Minves
Machinery, nec 29
Transport equipment 34t35
OTHER GOODS PRODUCTION OtherG
Mining and quarrying C
Electricity, gas and water supply E
Construction F
Agriculture, hunting, forestry and fishing AtB
MARKET SERVICES, EXCLUDING POST AND TELECOMMUNICATIONS MSERV
DISTRIBUTION DISTR
Trade 50t52
Sale, maintenance and repair of motor vehicles and motorcycles; retail sale of fuel 50
Wholesale trade and commission trade, except of motor vehicles and motorcycles 51
Retail trade, except of motor vehicles and motorcycles; repair of household goods 52
Transport and storage 60t63
FINANCE AND BUSINESS, EXCEPT REAL ESTATE FINBU
Financial intermediation J
Renting of m&eq and other business activities 71t74
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 LtN
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.
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Table A3
Country, Period and Variable Coverage in EU KLEMS Database

Country and
regions Abbreviation

Labour
productivity

variables

Growth accounting 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
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
Eurozone Euro 1970 – – – –
Eurozone 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 A1 for sets of labour productivity and
growth accounting variables.
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