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There are many different productivity measures for different pu%{dys and policy n;@kbr(s
and other users are not always aware of the conceptual and empirical reas8ns ltoreifferences
between them. Productivity is a key indicator in the assessment of economic performance and
a growing number of statistical offices in the OECD area have recently become engaged in
the measurement of productivity. This work is raising many new questions for measurement,
including the possible approaches to developing measures of aggregate productivity
performance, as well as issues related to productivity measurement in specific sectors of
the economy. Some of these measurement issues, especially those related to the measure
of capital services, have been taking into account in the current process of revision of the
System of National Accounts (SNA)'.

Productivity measurement and analysis are the main topics addressed in this book, which
is the result of the contributions presented and discussed in two international workshops?
organized by the Statistics Directorate and the Directorate for Science, Technology and
Industry of the OECD. The first workshop was organized jointly by the OECD and Fundaccion
BBVA and Instituto Valenciano de Investigaciones Economicas (IVIE) and held in Madrid
in October 2005. The second workshop was organized jointly by the OECD and the Swiss
Federal Statistical Office and the State Secretary for Economic Affairs of Switzerland and held
in Bern in October 2006. The two workshops brought together about seventy representatives
of statistical offices, central banks and other branches of government in OECD countries that
are engaged in the analysis and the measurement of productivity developments at aggregate
and industry levels.

In the following pages, we overview twenty three studies that all provide a different
perspective on productivity measurement and/or analysis around five topics. The present
volume is organised as follows. It starts out with conclusions and future directions from
the Bern workshop presented by Erwin Diewert (University of British Columbia, Canada).
The first Part provides an overview of productivity growth and innovation illustrated by
an analysis for Spain and Switzerland. The first measurement issue addressed in the book,
notably in Parts two and three, concerns the measure of labour input. Despite significant
progress and effort in this area, the measurement of hours actually worked still suffers
from a number of statistical problems. In particular, different concepts and basic statistical
sources used in different countries leave open many questions of international comparability,
as described in Part two. Furthermore, labour input contributions to economic growth may

' See OECD Measuring Capital (forthcoming).

2 More information on the workshops is available at the following address: http:/www.oecd.org/statistics/

productivity
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be underestimated when labour input measures do not take into account chan@n labour
composition over time. Part three presents different lab@r input measurgs, adjusted for _Q_)
changes in skills, educational attainment and labour market@perience. Thy Its underline 5
the influence of changes in human capital on the contribution of labou@nput to economic
growth. The fourth Part deals with different perspectives 01§§ ital t measurement and
Part five presents a selection of country experiences in the r@asurement of industry-level
multi-factor productivity. (& <

b VO
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Part 1: Productivity growth and innovation: the case of Spain and Switz afmd
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The part of economic growth that cannot be explained by increased utilisation of capital
and labour is measured by multi-factor productivity (MFP)’. Among the sources of MFP
growth, innovation is one of the most important. Dominique Guellec and Dirk Pilat (OECD)
provide an international comparative perspective on productivity growth and innovation in
OECD countries and show the influences of favourable conditions in the capacity to benefit
from emerging technical fields such as information, communication and technology (ICT),
biotechnology and nanotechnology. Matilde Mas and Javier Quesada’s paper (University
of Valencia and IVIE) provides detailed measures of the influence of ICT on MFP growth in
Spain, at the aggregate and at the industry level. Gregory Rais and Pierre Sollberger (Swiss
National Statistical Office - FSO) present the methodology adopted by the Swiss National
Statistical Office - FSO for MFP measurement. Jan-Egbert Sturm (Swiss Institute for
Business Cycle Research) examines to what extent different types of firm level innovations
affect labour productivity of firms in Switzerland.

Part 2: The measurement of labour input

In Part two, a detailed comparative study between the USA and Canada on hours worked is
presented by Jean-Pierre Maynard (Statistics Canada) and can serve as an excellent guide to
the many statistical considerations that enter international comparisons of this kind. Henrik
Sejerbo Serensen and Kamilla Heurlén (Statistics Denmark) use Danish data to assess the
influence of the choice of different statistical sources for working hours on labour productivity
measures and on their international comparability. Lucy Eldridge and Sabrina Pabilonia’s
paper (U.S. Bureau of Labour Statistics) addresses the question whether, due to ICT, persons
actually work more outside their work place so that hours worked are underestimated. The
result of their survey shows that, for the period under consideration, the impact was modest.

Part 3: The measurement of the composition of labour input

A number of countries have started to develop labour input measures adjusted for labour
quality and in some cases (e.g. Italy, Spain, the European Central Bank...) there are important

3 The terms Multifactor productivity (MFP) and Total factor productivity (TFP) are used interchangeably in

the present text.

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008
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differences between unadjusted and adjusted time profiles of labour input. Pape@resented
in this Part raise the issue of international comparability of @h adjustments. Wiim Haine and _Q_)
Andrew Karutin (European Central Bank), as well as Lucy Eldridge, Marilyh Manser and
Phyllis Otto (U.S. Bureau of Labour Statistics) remark that ‘%eightec@ours worked is an

incomplete measure of labour input because it does not acco or di nces in educational
attainment, skills and experience between workers. Anton Baldassarini and Nadia
Di Veroli (ISTAT) present both a detailed description of the method for estimating hoys§
actually worked and evidence of changes in labour quality. Guido werdg (1 @Sﬁt e)
and Jarkko Turunen (European Central Bank) observe that the increase of Tabour quality
in the 1990’s was driven by an increase in the share of workers with tertiary education and
workers in prime age. As a result, a longer part of output growth is explained by labour input,
reducing the contribution of total factor productivity to euro area growth.

<

Part 4: The measurement of capital input

This Part examines a range of important methodological questions in the measure of capital
input, including the comparison of levels of capital productivity, the scope of assets, and
different assumptions in the estimate of user costs and depreciation.

Paul Schreyer (OECD) aims to compare levels of capital input, levels of capital
productivity and capital intensity. Not all assets are recognised in capital measurement,
and full coverage is unlikely to occur in the near future. However, including assets as
stocks of research and development (R&D) raise some methodological and practical issues.
Emma Edworthy’s paper (Office for National Statistics) presents a first empirical estimate
for the R&D capital stock which sheds light on the main practical issues associated with
implementation (composition of R&D expenditures, construction of appropriate deflators,
estimation of depreciation rates); and then proposes a first estimate of the impact of R&D in
productivity growth. Dean Parham’s paper (Australian Productivity Commission) questions
whether the planned national accounts treatment of R&D as ‘just another type of asset’” has
any implications about how R&D assets would be treated in productivity measurement. This
provides an interesting link with paper by Matilde Mas (University of Valencia and IVIE)
on infrastructure capital given that there are a number of common characteristics between
physical infrastructure capital and ‘knowledge infrastructure’. In addition, Mas contribution
comes with a clear definition of infrastructure assets and shows how their growth contribution
can be measured.

Service lives of assets that feed into measures of capital services tend to vary significantly
across countries, and it is not always clear whether such differences reflect economic reality or
differences in statisticians’ assumptions. Massimiliano Iommi and Cecilia Jona-Lasinio’s
(ISTAT) contribution presents the methodology adopted by ISTAT to calculate capital services
focusing on an assessment of the impact of the different assumptions on depreciation rates
and rates of return in the estimate of the user cost of capital and on age-efficiency profiles in
the calculation of productive capital stock.

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008
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U
A growing number of OECD member countries are inV lyed in MFP urement and -5
Part five presents experimental results on industry-level P rneasur@ hich show that v
they are feasible but fraught with measurement issues. urrm ues are the output v

measurement in service industries, the availability of cap1tal®1ta by type of asset and by
industry and the choice of the rate of return for capital services l:ﬁglndustry Dirk van deQ
Bergen, Myriam van Rooijen-Horsten, Mark de Haan and Bert lk.s per (%
Netherlands) presents the experience of Statistics Netherlands in 1ndusfry%vel MFP
measures. Eric Bartelsmann, Carol Corrado and Paul Lengermann (Free University of
Amsterdam and U.S. Federal Reserve Board) address the question whether information on
recent industry productivity developments can be used to compute estimates of the trend
in aggregate multi-factor productivity growth. Paul Roberts’paper (Australian Bureau of
Statistics) discusses the present work on the measurement of multifactor productivity at the
industry level in Australia and provides a detailed summary of measurement issues related to
this topic. Harold Creusen, Bjorn Vroomen, Henry van der Wiel and Fred Kuypers (CPB
Netherlands Bureau for Economic Policy Analysis) analyse the productivity performance of
the Dutch retail trade for the period 1993-2002 and focus on competition and innovation as
important drivers of productivity growth. The study of Swedish economic growth by Hans-
Olof Hagen and Thomas Skyttesvall (Statistics Sweden) describes the implementation
of capital services and MFP measures following a KLEMS decomposition of the business
sector. Hak K., Pyo, Keun Hee, Rhee and Bongchan Ha ’s paper (Seoul National University,
Korea Productivity Center, Pukyong National University) aims to identify the source of
economic growth by industry in Korea, where the catch-up process with industrial nations in
its late industrialisation has been predominantly driven by the manufacturing sector and by
increasing inputs without an increase in efficiency with which this inputs are used.

During the workshops, panel discussions raised a number of suggestions regarding work
that could be undertaken by the OECD in relation to productivity measurement. Suggestions
included the following:

— Build a general framework or guidelines for best practices on labour input measures: a
set of guidelines or recommendations on how to implement labour input measures would be
very valuable for the national accounts and for productivity measurement. While conceptual
work on labour is being carried out by the Paris Group®, this is not necessarily done for
purposes of productivity measurement (i.e. with a concept of labour input in mind) nor with
a view to ensuring consistency with output measures. At a practical level, OECD started
looking at national practices for estimating hours worked by industry for National Accounts
and determining practices and target definitions.

— Measures of labour composition: hours worked constitutes an incomplete measure as
input for productivity and several countries already started to develop adjusted labour input

The Paris Group is an informal exchange group of labour statisticians belonging to national statistical
agencies and international organizations (OECD, ILO, Eurostat) created under the auspices of the United
Nations at the beginning of 1997 to address selected problems in statistical methods in the area of “labour
and compensation” statistics.

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008
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measures. OECD should develop measures of labour compgsition to harmonize @Jstments
across countries and to improve international comparabilitiof hours worked _Q_)

— Build a general framework or guidelines for best practjces on capit ut measures: 5
OECD should provide guidance on standard use of user costs in the cofdputation of capital ]
services. Greater harmonisation of approaches and inteThation omparisons of the Y
assumptions underlying measures of depreciation and capital aredmportant and OECD should
also derive standard measures of depreciation and net capital stociy (@

— Innovation and productivity: the planned capitalization of ResJafch.an D Vfég)ﬁ;h%nt
(R&D) in the national accounts raises a number of practical issues about their méasurement,
in particular their deflation and their depreciation. International guidance will be needed to
maximise comparability across countries. It was also noted that investment in innovation was
in all probability much larger than investment in R&D and that capitalising and measuring all
such expenditure is a long-term challenge for analysts.

— Microdata: several papers in the book employ microdata for analysis and it is generally
felt that this constitutes an important avenue for work. Productivity measures and analyses
based on microdata may need more attention. Microdata analysis complements industry-level
and macro-economic productivity analysis in a very useful way and the OECD is encouraged
to continue its efforts to pull together national work on microdata and to enhance international
comparability of such analyses.

— The measure of industry-level productivity: a growing number of statistical offices
are involved in the compilation of estimates of multi-factor productivity (MFP) by
industry replying to the increased demand for analyses of market structure. This work also
raises methodological questions and the OECD is encouraged to provide internationally
comparable MFP estimates which also should be consistent with MFP data for the whole
economy.

— Definition of business sector: several notions of ‘business sector’ exist that are not
necessarily compatible with each other. A better common understanding about the definition
and calculation of business sector productivity would be helpful. OECD should draft a
Working Paper discussing an activity based definition of the business sector, analysing it in
the context of productivity measurement and make recommendations.

— Infrastructure capital: this area is attracting a good deal of policy attention but remains
ill-defined and ill-measured. A common understanding of what constitutes infrastructure
assets and how they can be brought out in existing capital measures would be helpful as
would some international data on their size and evolution.

— Comparisons of productivity levels across countries: this remains a highly policy-
relevant indicator. Extension of labour productivity comparisons to MFP comparisons
is desirable. At the same time, many statistical problems remain and productivity level
comparisons are often of unknown quality. It is therefore important to accompany level
comparisons with some indications of statistical confidence so as to avoid an impression of
precision that is not warranted by the underlying data. The OECD is encouraged to continue
its work in this direction, including the development and improvement of Purchasing Power
Parities (PPP) for international productivity comparisons.

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008
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— Communication: communication at the national arﬁ]international level @therefore
important so as to be clear what measures mean and why natibnal and interna@nal measures
may differ.

— Productivity of non-market producers: many countrics, attach high, priority to better
measurement of the productivity, outputs and inputs of non—M3 ket p cers. This responds
directly to analytical and policy requirements as well as to ﬁ)rthcoming EU Regulation.
The OECD Statistics Committee has also endorsed work in this ar€pgnd the OECD Natio éﬂ@
Accounts and Financial Statistics Division and the OECD Structu%r Egon %

Division are advancing the subject matter, in particular with regard to healthan educatlon
output.

— Environment and productivity: conventional productivity measures are sometimes
criticised for not taking negative effects on the environment into account, thereby overstating
productivity and economic growth. Conceptual and empirical work to link productivity
measures with the use of natural resources and emissions would be welcome.

— Firm dynamics and productivity growth: there is growing empirical evidence suggesting
that firm demography impacts on growth in aggregate productivity, even if this impact may
vary across countries. Size of firm, entry and exit of firms and survival appear to be important
dimensions in productivity analysis as firm turnover accounts increasingly in the process of
reallocation of resources. The OECD should be involved in the assessment of the influence of
firm dynamics and business environment conditions on productivity growth.

12 - INTRODUCTION o)
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The University of British Columbia. |>' e LecC X

Introduction

In the section below, we discuss the role of economic theory in providing solutions to some of
the difficult problems that arise in the measurement of productivity.®

In the third section, we list some 12 measurement problems where further research is
required in order to form a consensus on how to “best” solve these problems.

The last section concludes with 5 recommendations for the OECD on the way forward.

Is there a Role for Economic Theory in the Measurement of Productivity?

When Bert Balk presented an overview of Statistics Netherlands’ progress in measuring
productivity for the Dutch economy,” he was somewhat negative on the standard economic
approach or growth accounting approach to productivity measurement and he suggested a
preference for the statistical or axiomatic approach to productivity measurement:

“For the calculation of aggregate quantity or volume change of inputs and outputs, an
index formula must be selected. In the standard growth accounting approach the index
formula corresponds to a certain specification of the production function and TFP change
represents technological change. However, such an approach depends on strong (neo-classical)
assumptions, for instance that production processes are subject to constant returns to scale
and that there is perfect competition. We don’t wish to make such strong assumptions, and

5 This note is an extended written version of my Panel Discussion at the final session of the OECD Workshop
on Productivity Analysis and Measurement organized jointly with the Swiss Federal Statistical Office and
the State Secretary for Economic Affairs of Switzerland held in Bern, October 16—18, 2006. The financial
assistance of the OECD and the SSHRC of Canada is gratefully acknowledged. My thanks to Bert Balk,
Ulrich Kohli, Dean Parham and Paul Schreyer for helpful comments. None of the above individuals or
organizations are responsible for any opinions expressed in this note.

By the term “productivity”, I mean “Total Factor Productivity” or “Multifactor Productivity” and not
“Labour Productivity”. TFP growth is an index of the growth of outputs divided by an index of the growth
in all primary inputs whereas Labour Productivity growth is an index of value added growth divided
by the growth in labour hours. The problem with the Labour Productivity concept is that it neglects the
contributions of nonlabour inputs and hence can give a very misleading picture of a country’s actual
productivity performance.

See van den Bergen, van Rooijen-Horsten, de Haan and Balk (2006).

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008
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prefer to select an index formula on the basis of its properties.” Dirk van den Ber Myriam
van Rooijen-Horsten, Mark de Haan and Bert M. Balk (2004 3). ~

Balk is quite correct to criticize the standard growt}\?ccounting dology, since 5
as he pointed out several years ago®, this methodology atiriputes all goductivity growth
to (disembodied) technical change and neglects the roles*of imphgvements in technical
and allocative efficiency, nonconstant returns to scale and D investments that lead to
monopolistic behavior on the part of producers. However, I think it €euld be incorrect to Ju
to the conclusion that the economic approach to productivity measurEﬁelg 11Trr§
useless.’ It seems to me that the economic approach to productivity measurement shiould be the
primary approach and that rather than totally discarding it in the face of the above criticisms,
it would be preferable to try and remedy some of the shortcomings of the standard growth
accounting methodology. However, this is easier said than done. For example, many authors
have attempted to relax the assumption of constant returns to scale in a growth accounting
framework but these approaches rely on econometric estimation in order to determine the
degree of returns to scale and hence tend to be rather fragile and nonreproducible.'

14 - 1. OECD WORKSHOPS ON PRODUCTIVITY ANALYSIS AND MEASUREMENT 1 6

<

It may appear at first glance that economics is not really required when setting up an
axiomatic framework for productivity measurement. In the axiomatic approach, all we need
to do is decide on the value aggregates for output and input, pick our favorite functional form
for the index number formula and calculate the ratio of the output index to the input index.
Thus it seems that there is no real need for economic theory in implementing this approach.
However, when we bring capital services into the picture as an input, then it is no longer clear
what the corresponding value aggregate should be. For example, present System of National
Accounts conventions suggest that general government capital services should be measured
by only the depreciation applicable to the government capital in service during the reference
period. However, if a government department decides to sell its office buildings and then rent
or lease building services from the private sector, then the rents that the government will pay
for office services will surely include a return to capital component and hence GDP will go
up with this change in ownership. Thus economic theory suggests that the imputed rental
for government owned buildings that have an alternative use in the private sector should
have an interest rate component in the imputed rental price in addition to the depreciation
component." The point is that we will have to rely on economic theory to at least some extent
to determine what the appropriate value aggregate is for capital services.!?

8 See Balk (1998) (2003).
It should be noted that Balk did not jump to this conclusion in his presentation!

0 For example, see Diewert and Fox (2004), Diewert and Lawrence (2005a) (2005b) and Fox (2006).
Nonreproducibility here is interpreted in a broad sense; i.e., different econometricians, using the same data
set, will generally make different aggregation and functional form assumptions and different stochastic
specifications, leading to different estimates for the key parameters in the model.

Mas (2006) also discusses these issues.

In fact, van den Bergen, van Rooijen-Horsten, de Haan and Balk (2006) rely on a considerable amount of
economic theory in order to derive their user costs for capital. This theory was developed in Balk and van
den Bergen (2006), which in turn drew on Diewert (2005a) and others.
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In the following section, we turn to a list of some of the economic measurem@)roblems

that were discussed at this conference (or that perhaps t@ should have b discussed). _Q_)
Economic theory will generally be useful in providing some@lidance on h(yb resolve these 5
v

measurement problems.?
p \» Q\@
12

<

Theoretical Issues in the Measurement of Productivity O

. . . Gy <
We will list some 12 important measurement issues that arise in meabfrmg tei;et pro%le@\c}ty
growth of a production unit (i.e., of a firm, industry or entire economy) in s i6ns 3.1-3.12
below.

How to Treat R&D Expenditures in a Growth Accounting Framework?

The Canberra Group on Capital Measurement has recommended that the next international
version of the SNA should capitalize R&D expenditures.* The capitalization of R&D
expenditures provides some new challenges for the standard growth accounting methodology as
will be explained below. There were two excellent papers on R&D and productivity measurement
presented at this workshop: the papers by Parham (2006) and by Edworthy and Wallis (2006).
The second paper follows what has become the “standard” methodology for the treatment of
R&D investments: namely assume a plausible depreciation rate for these investments and use
the Perpetual Inventory method for forming capital stocks to form stock estimates for R&D
capital. These stocks would be depreciated over time using the assumed depreciation rates and
user costs for inventory stocks could also be formed using the same methods as are used for
conventional reproducible capital stock components.”* However, Pitzer (2004), Diewert (2005b)
and Parham (2006)'° suggested that the treatment of R&D assets is not quite so straightforward as
the standard methodology suggests since these R&D assets do not behave in the same manner as
ordinary reproducible capital inputs where an increase in the number of “machine” or structures”
inputs will generally lead to a positive increment in production. R&D investments create new
technologies and once the new technology has been created, the investment has the nature of a
fixed cost rather than a contribution factor to normal production of goods and services. Diewert
explained these differences between R&D assets and reproducible capital assets as follows:
“R&D is not like other depreciable assets which gradually wear out through use; rather
R&D can be viewed as the creation of new technologies. These new technologies may just
reduce the cost of producing an existing commodity or they may create entirely new goods

Jack Triplett has made this point repeatedly over the years.

Another important recommendation of the Canberra Group is that Gross Operating Surplus be decomposed
into price and quantity (or volume) components where the price would be a user cost of capital, along the
lines pioneered by Jorgenson and Griliches (1967) (1972). This user cost should approximate a market rental
price for the same asset.

Perhaps the most complete and up to date version of “standard” growth accounting methodology for
capitalizing R&D can be found in Corrado, Hulten and Sichel (2005).

In addition to questioning whether the “standard” model for R&D accounts is really appropriate, Parham
provides a very nice summary of the very extensive econometric work by Shanks and Zheng (2006) on
estimating the effects of R&D on Australia’s productivity growth.
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and services (process versus product innovation). In either case, the R&D “asse@ not like

a “normal” reproducible capital asset that depreciates Wit@lse. The expendiyres incurred _Q_)
in creating the R&D asset are sunk costs and they have np jesale value the case with 5
a purchase of a reproducible asset. However, a successful private sect &D venture has
created a new product or process that will give rise to a strgél of pQFrts in future periods.
In many cases, the new technology can be licensed and the ri@s to use the new technology
can be sold. Thus in the case of successful private R&D ventufes, a new asset has beeg
created: the rights to a (monopoly) stream of future incremental revgaﬁes. Hpwe e&(ﬁ a
new successful technology has been created, expiry of patents, diffusion of knowledge about
the innovation, even newer innovations by competitors and changing tastes all combine to
reduce the stream of monopoly profits over time. Note that the effects of these factors, which
reduce the value of the R&D asset over time, are difficult to forecast."””

“To summarize the above discussion: a private sector R&D asset is much more complicated
than a typical reproducible capital asset (like a structure or machine). There are actually two
“assets” associated with an R&D venture:

*  The first cost asset is the cumulated costs of the R&D project and

16 - 1. OECD WORKSHOPS ON PRODUCTIVITY ANALYSIS AND MEASUREMENT 1 6
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*  The second revenue asset is the discounted value of the incremental profits that the R&D
project is expected to generate.

For any individual R&D project, it is unlikely that the R&D cost “asset” is equal to the
R&D incremental revenue asset but, over a large population of R&D projects, we could expect
to see the value of the cost assets to be approximately equal to the value of the revenue assets.'®”

“As defined above, the cost and revenue assets are defined in terms of nominal dollars. It
is relatively straightforward to obtain a constant dollar counterpart to the nominal cost asset,
provided that deflators are available for the important components of nominal expenditures
on R&D projects, such as scientific and engineering personnel, structures, materials and
instruments. However, it is not straightforward to obtain constant dollar estimates for the
revenue asset. Since the discounted incremental revenues that the project is expected to yield
are in units of today’s dollar, the simplest approach to obtaining a constant dollar estimate for
the revenue asset would be to deflate the current expected discounted profits estimate by a
current general index of inflation.'”

“As was mentioned above, the cost asset is not really an asset: it is a sunk cost. In the
present system of national accounts, SNA 1993, privately funded R&D expenditures are

7" Many of these points (and more) were made in Bernstein (2002).

Adjusting for the risk inherent in R&D projects, we would expect that the value of the cost assets be less than
the value of the revenue assets. Thus it is completely reasonable that R&D assets earn higher rates of return
on average than reproducible capital assets.

A producer price index over the gross outputs produced by the economy could be used but I would recommend
the use of a consumer price index as the general deflator. The GDP deflator should not be used since imports
enter this index with negative weights and so a large increase in the price of imports relative to other prices
can lead to a counterintuitive fall in the GDP deflator; see Kohli (1982; 211) (1983; 142) and Diewert (2002;
556) on this point.
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regarded as intermediate business expenses and are written off as they occux@ns point

of view is defensible, particularly for unsuccessful R&D &tures. Howeveréor successful

R&D ventures, it could be argued that it is “unfair” to write down current od income by

these expenditures since these expenditures will eventually ke recoverd,in future periods

as the project’s incremental revenues pour in to the firm. H&nge, fr his point of view, it
makes sense to capitalize these R&D expenditures into an “asse¥’ and depreciate this “asset”
in a proportional manner to the future period incremental revenue€Erom this point of vigw,
the problem is to determine how to allocate the cumulated cost of an Ih{D proﬁct ver futdre
periods. This accounting problem has a different character than the usual probtems involved
in depreciating reproducible capital stock investments, where information on used assets can
be used if an opportunity cost approach to depreciation is used. For an R&D cost “asset”, the
problem is one of matching current costs with future expected revenues,? which is a rather

daunting task!” Erwin Diewert (2005b; 6—8).

In addition to the problems outlined above, there are some additional challenges to the
conventional growth accounting paradigm:

*  Publicly funded R&D that generates new technologies or products that are made freely
available to the public may not generate any identifiable revenue streams; rather they may
simply lead to valuable new products that are manufactured and sold at cost. Thus the
benefits of some R&D expenditures may simply show up as increases in utility (which are
extremely difficult to measure) rather than as a stream of monopoly profits.

Y
3

<

*  The standard growth accounting model, adapted to the R&D context, does not explicitly
recognize any monopoly profits.

*  The problem of spillovers also needs to be addressed.

The point of the above rather lengthy discussion is this: the standard Solow, Jorgenson
and Griliches growth accounting methodology assumes that technical progress is exogenous
and any R&D expenditures are treated as current expenditures. This standard model does
not really capture the intertemporal aspects of R&D expenditures but just treating R&D
expenditures as another type of reproducible capital does not capture the fact that these
expenditures partially endogenize technical progress. Thus at present, we do not really have
a satisfactory growth accounting methodology that can deal with the complications that arise
when we capitalize R&D expenditures.”!

To sum up: there is a great deal of theoretical work that remains to be done in adapting
the standard growth accounting methodology to deal with the complexities that are inherent
in the treatment of R&D investments.

20 Paton and Littleton (1940; 123) argued that the primary purpose of accounting is to match costs and revenues

but other points of view are possible. For an excellent early discussion on the importance of matching
costs to future revenues, see Church (1917; 193). For a more recent discussion on the problems involved in
matching R&D costs to future expected incremental revenues, see Diewert (2005a; 533—-537).

21 Parham (2006; 18—-19) also makes this point.
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Should the Output Aggregate be Gross Output, Value Added or Net Product?

One topic that came up in several papers presented at the conqerence was the @stion of what _Q_)
is the theoretically best measure of productivity; i.e., should \d use a gross, %ut formulation J
where gross output growth is in the numerator of the producfi¥ity mgapute and an aggregate o
of intermediate input plus labour input plus capital services fiut is ¥n the denominator of ¢
the productivity measure or should we use a value added formulatipn where the output in theg,
numerator is an aggregate of gross output less intermediate inputs{)(sig,and the denon‘g&;@o
is an aggregate of labour and capital services? Diewert and Lawrence (2086) [favgre€-a third
productivity concept for their particular purpose; namely a net product formulation where
the output in the numerator is an aggregate of gross output less intermediate inputs used less
depreciation*” and the denominator is an aggregate of labour and waiting services, so that
depreciation was taken out of the primary input category and treated as an intermediate input
in this last formulation.?

There is a general feeling that economic theory favors the gross output definition of
productivity growth because nobody has seen a value added production function in the real
world whereas it is natural to regard output as being produced by a traditional production
function that has capital, labour, energy, materials and services as inputs.** However, if we
use the approach to productivity measurement suggested by Diewert and Morrison (1986) and
Kohli (1990)%, it turns out that the assumptions required to justify the translog gross output,
the translog (gross) value added and the translog net value added approaches to productivity
measurement are all equally restrictive®® and in particular, no separability assumptions are

This leaves open the question of what to do with the (anticipated) revaluation term; i.e., should it be subtracted
from gross investment as well as depreciation? Diewert and Lawrence avoided making a decision on this
point because they assumed that the anticipated rate of asset inflation was equal to the CPI inflation rate
and hence all they used balancing real interest rates in place of balancing nominal rates less the anticipated
revaluation terms. My current advice on this difficult topic is that the Diewert and Lawrence treatment is
reasonably satisfactory except for a few assets where “everybody” anticipates either a real devaluation (e.g.,
any class of assets that uses computer chips intensively) or a real appreciation (e.g., land in economies with
growing populations). In these latter cases, I would treat the negative real revaluation terms as depreciation
and hence the absolute value of these terms would be treated as an addition to traditional wear and tear
depreciation. In the case of a positive real revaluation term, I would add these terms to gross investment,
since we are taking an asset from the beginning of the period when it is less valuable to the end of the period
when it will be more highly valued. These issues are discussed at more length in Diewert and Wykoff (2006)
and Diewert (2006a).

3 These three alternative approaches to measuring productivity were discussed in Schreyer (2001). See also
Balk (2003b) on these issues.

Strictly speaking, in the context of technologies that produce multiple outputs, we would require a
separability restriction which would allow us to aggregate all of the outputs into an output aggregate in
order to justify the traditional production function approach.

24

% This approach is explained in the paper by Diewert and Lawrence (2006) which was presented at this

conference.

26 There is one caveat to this statement that must be mentioned: when we calculate the value added aggregate

(net or gross) for the production unit under consideration for the two periods being compared, the two value
added aggregates must have the same sign in order to obtain meaningful results using the translog approach,
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required for any of these three approaches. All three approaches rely on duality ty, which

states that under price taking behavior and constant returr@o scale convex fachnology, the 9
primal technology sets S' can be equally well described by dyaj (net) revenu ctions g'(p,x), 5
where p is a gross or net output price vector and x is an input quantity ve@er.”” However, the ]
(positive) fact that all three of these translog approaches to p\g ucti easurement do not Y
make any separability assumptions is balanced by a bit of a ne@ve factor and that is the fact

that only the geometric mean of two very particular productivity(mgixes can be ideg’:ﬁc‘d@
empirically using this approach.? I do not find this limitation to be p ticular'lz '[81@ e
but others may disagree.

Giventhatall three approaches to productivity measurement donotdifferin therestrictiveness
of their assumptions, which approach should be used in practice? This question is discussed at
some length in Schreyer (2001) but I would like to make the following observations:

If we are studying the productivity performance of a particular firm or industry, then
perhaps the gross output formulation is most suitable since it will be easier to explain to users.”

If we are attempting to analyze the productivity performance of an entire economy or an
aggregate of industries, then the gross or net value added approaches seem preferable since
economy wide growth in TFP will be approximately equal to a share weighted average of the
industry growth rates in value added TFP. Thus the contribution of each industry’s TFP growth
to over all TFP growth is a bit easier to explain to users if we use the gross or net value added
approaches.*

since index number theory breaks down when the value aggregate passes through zero. If we use the gross
output approach to productivity measurement, this caveat does not apply because both the input and output
value aggregates will definitely be positive for the two periods being compared.

27 See Gorman (1968), McFadden (1978), Diewert (1973) (1974; 133—141) and Balk (1998) for various versions
of these duality theory results.

#  Referring to Diewert and Lawrence (2006; 6), the two particular productivity indexes, t,' and t,' that are
singled out are the Laspeyres type measure that uses the (gross or net) output prices of period t-1, p'™,
and the input vector of period t-1, X, as reference vectors, t,' = g'(p',x"")/g"(p"',x""), and the Paasche
type measure that uses the (gross or net) output prices of period t, p', and the input vector of period t, X', as
reference vectors, 1,' = g'(p',x')/g"'(p',x"). The Diewert-Morrison-Kohli translog approach to productivity
measurement can only empirically estimate (using index numbers) the geometric mean t' = [t 't,']" of
these two theoretical productivity indexes. The definition of productivity change used by these authors,
which relies on the (net) revenue function, originally appeared in Diewert (1983; 1063—1064) but he did not
develop it in any great detail. The other main theoretical approach to productivity measurement relies on the
Malmquist productivity index, which was introduced by Caves, Christensen and Diewert (1982). However,
this approach does require that the output aggregate be gross output (rather than value added).

2 However, the other two approaches are equally valid from the viewpoint of theoretical restrictiveness.

30 The value added framework for productivity measurement has some additional advantages. For example,
productivity growth will be invariant to the degree of domestic outsourcing of business services and will be
invariant to the absolute size of the foreign trade sector. For example, the gross output productivity growth
of the Netherlands compared to the U.S. will look very poor compared to its value added productivity
growth simply because exports and imports in the Netherlands are a very high fraction of GDP compared to
the situation in the U.S. Calculating value added productivity growth rates for both countries will make the
growth rates comparable across countries.
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What about the choice between the usual (gross) value_added approach to@‘ where
we use gross domestic product as the output aggregate Ver& the net value apded approach
to TFP where we treat depreciation as an intermediate inpyt pnd hence th put aggregate
is gross output less traditional intermediate inputs less deprecjation? Diédert and Lawrence
(2000) clearly preferred the net value added approach beca&éCi their ose was to explain Y
the contribution of TFP improvements to the growth in liVin@andards; i.e., they followed
Rymes (1968) (1983) in treating depreciation as an offset to ss investment so t ﬁe
depreciation charges no longer appeared as “income” to households™Thyg the d. @cfa fon
term was moved from the primary input category (where it appears as part of usercost in the
traditional approach) and placed in the intermediate input category in the empirical work of
Diewert and Lawrence. The remaining part of user cost was treated as a primary input and
was labeled the “reward for waiting” following Rymes (1968) (1983).3! Households cannot
consume depreciation and so if we want to explain increases in household real income, this
net value added approach to TFP measurement seems to be clearly preferable.

20 - 1. OECD WORKSHOPS ON PRODUCTIVITY ANALYSIS AND MEASUREMENT 1 6
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It seems to me that the main theoretical issues in this area of gross versus net have been more
or less settled but as can be seen from the discussion above, there are many points that are quite
subtle and other observers could well argue that more work remains to be done in this area.

Adjusting Productivity Measures for Changes in the Terms of Trade

There is an extensive national income accounting literature on how to measure the effects
of changes in the terms of trade (the price of exports over the price of imports) on national
welfare.”” Much of the early literature took a household point of view but Diewert and
Morrison (1986), following the example of Kohli (1978) (1991)*, who observed that most
international trade flows through the production sector of the economy, took a producer point
of view to modeling the effects of changes in the terms of trade:

“Our alternative approach to the measurement of the impact of terms of trade changes is
to consider the problem from the point of view of the producer. In this alternative approach,
our objective function becomes real output rather than welfare. We assume that exports and
imports flow through the production sector and we show that an increase in the price of exports
relative to imports has an effect that is similar to an increase in total factor productivity.” W.
Erwin Diewert and Catherine J. Morrison (1986; 659).

Thus some 20 years ago, a connection between productivity measures and changes in the
terms of trade was made. For many years, there was not a lot of interest in this topic, but the
recent increases in the price of oil and other raw materials has again stimulated interest in
modeling the effects of changes in the terms of trade in a productivity framework. In addition

Diewert and Lawrence’s (2006) approach to the construction of user costs was somewhat simplified and
did not deal adequately with the issue of obsolescence. For more thorough discussions of the obsolescence
problem in the user cost context, see Ahmad, Aspden and Schreyer (2004), Diewert (2006a) and Diewert
and Wykoff (2000).

See Diewert and Morrison (1986) for references to this early literature.
33 See also Woodland (1982) and Feenstra (2004; 64—98) who used this approach extensively.
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to the paper by Diewert and Lawrence (2006) presented at this conference on th@)pic (and
the paper by Diewert, Mizobuchi and Nomura (2005) W]@ took a similar @gproach using
Japanese data rather than Australian data), see Morrison angl Diewert (1 7 Kohli (1990)
(2003) (20044a) (2004b) (2006a) (2006b) and Fox and Kohli 8). The af§Broaches suggested
in these papers, while being broadly comparable, differ soffigwhat Q‘their details.** Since
most of the papers in this area are relatively recent, a consenab)n which approach is “best”

has not yet emerged. It may be useful to have a review paper on tifiy ig;,)ic that would list

advantages and disadvantages of each approach. e | eC X

Cule

Z

The Effects of Public Infrastructure Investments on Productivity

The paper by Mas (2006) presented at this conference raises some of the issues surrounding
the treatment of public infrastructure investments and their effects on private market sector
productivity. The issue I would like to raise here is the following one. The public sector makes
investments in infrastructure (primarily roads and other transportation facilities), which
are surely very useful in facilitating production in the private sector but the public sector
in general does not charge for the use of these valuable transportation services. Following
Aschauer (1989), we could take a production function perspective and try to directly estimate
a private sector production function (or a transportation sector production function) which
had road services as an input. This is fine as far as it goes but econometric estimates tend
to be rather fragile so it would be useful to also determine the effects of publicly funded
infrastructure investments on private sector productivity in a growth accounting framework
and Mas (2006) provides such a framework for the economy as a whole. However, since the
infrastructure services are provided free of charge to the private sector, economic theory
suggests that these free resources should be used so intensively such that the marginal
value to the private sector of an extra unit of infrastructure services is close to zero.* This
observation implies that the shadow price of infrastructure services to the private sector
should be close to zero in all periods and hence changes in infrastructure services would
have little or no effect on private sector productivity growth in the usual growth accounting
framework. This result seems to be intuitively incorrect’® but we need some additional

In particular, when Diewert and Lawrence speak of modeling the effects of changes in the terms of trade,
a closer examination of their methodology shows that what they are actually modeling are the effects of
changes in the price of exports relative to the price of consumption and changes in the price of imports
relative to the price of consumption. The main difference between the Diewert and Lawrence (2006)
approach and the recent work of Kohli (2004b) (2006a) (2006b) is that Kohli divides prices by the price of
domestic absorption (an aggregate of C+G+1) whereas Diewert and Lawrence (and Diewert, Mizobuchi and
Nomura (2005)) divide prices by the price of domestic household consumption C.

3 Diewert (1980; 484—485) made this argument many years ago.

Dean Parham noted that Australia imposes a tax on diesel fuel that is meant to be a user fee for the use of
its “free” network of roads. Other countries impose similar commodity taxes on fuel inputs and this may be
a way to get positive prices for the use of roads into the productivity growth framework. Kohli suggested
another way out of this “paradox™: “If the public infrastructure is supplied free of charge congestion will set
in at some stage (Pigou’s wide road might become narrow at certain times of the day). The time wasted by
the users will represent the marginal cost to them. The marginal value to the private sector of an extra unit
of the infrastructure will therefore not be zero.” Ulrich Kohli, private communication.
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research on this topic in order to pin down more preciselﬁvha‘c the contributi@ﬁmblic
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infrastructure investments is to private sector productivitigrowth in a gro%n accounting _Q_)
framework. U > 5
Pricing Concepts for Outputs and the Treatment of Indire»)l'axesQ\ (0@

The growth accounting framework for the private sector originaQy eveloped by Solow (1957)¢g,
and Jorgenson and Griliches (1967) (1972) relied on the assump of competitive i
taking behavior on the part of producers. In Solow (1957) and Jorgenson an® Gfilighes(1967),
outputs were priced at final demand prices, which include indirect taxes. However, Jorgenson
and Griliches (1972) noted that this treatment was not quite consistent with competitive price
taking behavior on the producers, since producers do not derive any benefit from indirect
taxes that fall on their outputs:

“In our original estimates, we used gross product at market prices; we now employ gross
product from the producers’ point of view, which includes indirect taxes levied on factor outlay,
but excludes indirect taxes levied on output.” Dale W. Jorgenson and Zvi Griliches (1972; 85).

Thus at the level of the individual firm, indirect taxes that fall on the outputs of the firm
should be excluded from the output prices facing the firm, since the firm derives no revenue
from these indirect tax wedges.?” However, indirect taxes that fall on the intermediate (and
primary) inputs used by the firm are actual costs to the firm and hence should be included
in the corresponding prices of the intermediate inputs. Thus when we apply the growth
accounting framework to an individual firm, the pricing concept that is consistent with the
underlying theory excludes indirect taxes that fall on outputs but includes these taxes that fall
on inputs. Thus at the level of the individual firm, the treatment of indirect taxes is relatively
straightforward in the growth accounting framework. However, some problems emerge when
we aggregate over firms and we apply the growth accounting framework to the entire private
sector. When we aggregate over firms or sectors of the economy in the growth accounting
framework in order to form national estimates of final demand output, intermediate input
transactions cancel out, except for the indirect taxes that fall on intermediate inputs; i.e., a
firm producing an intermediate input gets only the before tax revenue for the output but the
using firm has to pay this price plus the indirect tax and so aggregating over the entire private
sector, we end up with net deliveries to final demand at producer prices (which excludes the
final demand indirect tax wedges) /ess indirect taxes on intermediate inputs paid by private
sector producers. These taxes on intermediate inputs cause problems when we calculate
aggregate market sector output and productivity and attempt to decompose say market sector
output into contributions from each industry since these industry contributions will not sum
up to the national total.’® The details of how the industry output aggregates are related to the
national aggregate if Laspeyres, Paasche or Fisher indexes are used may be found in Diewert

37 Obviously, per unit of output subsidies that the firm gathers from governments should be added to the prices
of the subsidized outputs. I have neglected this complication in the discussion which follows.

3% Diewert (2001; 97-98), following Debreu (1951), noted that these indirect tax wedges on intermediate inputs
lead to an economy wide loss of output; i.e., taxes on intermediates generally lead to some deadweight loss
for the economy as a whole even though each sector can be efficient.
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(2006b). However, the issue of how to interpret the indirect taxes on interm@te inputs
“contribution” to national output growth has not been resolv@ and requires fugdqer research.”
It would also be useful to develop a growth accounting framework that a d us to relate

industry contributions to national private sector productivitgr%?rowth at @al demand prices ]
(rather than at producer prices as in the present theoretical g Sh acQ'tmting framework). Y

<

What is the Exact Form of the User Cost Formula? (&

<
Since the pioneering work of Jorgenson and Griliches (1967) an%'Hall @(@(ﬁg‘ghson
(1967), it is well known that the formula for the user cost of capital consists of roughly four
terms:
* An interest rate or opportunity cost of capital term;

* A depreciation term,;
* A revaluation or capital gain or loss term and

* Adjustments for income and other taxes on capital.

Although there is general agreement that the above four terms belong in the user cost of
capital, there is still no agreement on the precise form for each term. Some of the important
issues are:

*  Should user costs take an ex ante or an ex post point of view?

*  Should user costs be discounted to the beginning, end or middle of the period?
*  Should interest rates be in real or nominal terms?

*  Should the tax adjustments reflect average or marginal considerations?

*  What is the exact form of depreciation that should be used?

*  Should the interest rate be an exogenous market rate or a balancing internal rate of return
that will make the value of input equal to the value of output?

I have been writing about the above issues for over 25 years*’ but unfortunately, we
still do not have a consensus on many of the above issues. As more and more countries
embark on official productivity programs, there is a need to achieve a consensus on the
above issues so that the productivity estimates will be at least roughly comparable between
countries.

A practical difficulty should be mentioned at this point. A theoretically “correct” treatment of indirect tax
wedges will require detailed information by commodity and industry on where these taxes occur and this
information is typically not available in the input output accounts of most countries.

40 See Diewert (1980; 475-485), (2001; 88-96), (2005a) (2006a), Diewert and Lawrence (2000), (2002) (2005a)
(2006) and Diewert and Schreyer (2006). See also Schreyer (2001) (2004) and Schreyer, Diewert and
Harrison (2005).
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Should Depreciation Rates, Interest Rates and Wage Rates be Constant Acros@
Industries? v

In some national productivity programs, wage rates are starfd)rdized for ?{@graphic factors J
(age, sex, educational attainment and so on) but they are {idld co across industries. @
Similarly, depreciation rates for different asset classes are ofteghestimated on a national level ¢
and thus are held constant across industries. Finally, endogenous bglancing rates of return ong,
assets could be calculated on an industry basis or on a national levad.B"}le question is: %@ﬁ
procedure is “best”? e LeC

We know that wage rates and rates of return vary greatly across firms and industries.
Productivity growth for developing countries is fueled by the migration of labour from the
agricultural sector to the modern industrial sector and under these conditions, it is appropriate
to allow for industry wage rates to differ, holding constant demographic characteristics.
Similarly, it is known that ex post rates of return differ considerably across industries.*’ Thus
if possible, sectoral productivity estimates should allow for differences in wage rates and the
return to capital.*?

The situation with respect to depreciation rates is less clear cut. It is quite possible that
different industries use various forms of capital more or less intensively and thus depreciation
rates should be allowed to be different across industries. However, it is difficult to obtain
scientific information on depreciation rates. Historically, a few countries® have had periodic
capital stock surveys, which allow depreciation rates to be estimated, but they are very
expensive and hence have been discontinued. Another scientific method for obtaining
depreciation rates was developed by Hulten and Wykoff (1981a) (1981b) (1996) and relies on
observations on the sales of used assets. A final possible method for obtaining depreciation
rates is for national statistical agencies to add questions on capital stock retirements and
resales in their ongoing investment surveys. Canada,* the Netherlands* and New Zealand

4 See for example Diewert and Lawrence (2005b).

4 Note that these differences in wage rates and user costs for the same type of input can be a source of economy

wide productivity growth if the differentials are narrowed over time. “Individual firms or establishments
could be operating efficiently (i.e., could be on the frontiers of their production possibilities sets) yet the
economy as a whole may not be operating efficiently. How can this be? The explanation for this phenomenon
was given by Gerard Debreu (1951): there is a loss of system wide output (or waste to use Debreu’s term)
due to the imperfection of economic organization; that is, different production units, although technically
efficient, face different prices for the same input or output, which causes net outputs aggregated across
production units to fall below what is attainable if the economic system as a whole were efficient. In other
words, a condition for system wide efficiency is that all production units face the same price for each
separate input or output that is produced by the economy as a whole. Thus if producers face different prices
for the same commodity and if production functions exhibit some substitutability, then producers will be
induced to supply jointly an inefficient , economy wide joint output vector.” W. Erwin Diewert (2001; 97).

4 The Netherlands, Japan and Korea come to mind.

4 For a description and further references to the Canadian program on estimating depreciation rates, see

Baldwin, Gellatly, Tanguay and Patry (2005).

Actually, since 1991, the Dutch have a separate (mail) survey for enterprises with more than 100 employees
to collect information on discards and retirements: The Survey on Discards; see Bergen, Haan, Heij and
Horsten (2005; 8) for a description of the Dutch methods.

45

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008



it E gy,

1. OECD WORKSHOPS ON PRQ[@TIVITY ANALYSIS AND ME{@}EMENT -25

o 2
> 3
Q °

ask such questions on retirements in their investment surveys and Japan is ab(@o follow

suit.** Diewert and Wykoff (2006) indicate how this typed‘" survey can be@ed to obtain _Q_)
estimates for depreciation rates and it would be feasible thecqgtically to obtam these estimates 5
on an industry basis. However, sample sizes are likely to bg small if @e attempts to use

this survey information to form estimates of depreciation r%by %‘et class and industry Y
and hence the resulting estimates may be very inaccurate. s one may be better off by
estimating depreciation rates at a national level rather than at the iﬁdl.l;t'ry level. 4

<
VO
°
The Problem of Imputing Wage Rates for the Self Employed and Unpaid FL’m% ﬁ7orkers

In the present System of National Accounts, the contributions to production of the self

employed and of unpaid family workers are buried in Gross Operating Surplus. However,

when constructing productivity accounts, it is necessary to decompose this value aggregate
into a capital services aggregate plus the value of self employment labour and unpaid family

worker labour. Note that for many advanced economies, the self employed can make up 20

percent of the labour force and for developing economies, unpaid family workers can also be

a substantial fraction of the labour force. Thus the problem of imputing wage rates for the self

employed and family workers is not an empirically unimportant one.

There are three methods that the Bureau of Labor Statistics has suggested to accomplish
this imputation for the self employed:*’

* Approach 1 to this allocation problem imputes a wage to the self employed that is equal
to the wage of comparable employees in the industry and the resulting measure of labour
earnings is subtracted from Gross Operating Surplus, leaving what is left over as the
return to the capital used by the self employed.

*  Approach 2 allocates an industry rate of return to the capital used by the self employed and
allocates what is left of net operating surplus as the wages earned by the self employed.

* Approach 3 takes an average of the allocations to labour and capital that are generated by
the first two approaches.

The problem with Approaches 1 and 2 is that these allocation methods can give rise to
negative compensation for either labor or capital. The BLS uses Approach 3 in its productivity
program; i.e., it averages the first two methods of allocation to ensure a positive compensation
for both factors of production. However, this procedure is not entirely satisfactory since it
ensures that “incorrect” estimates are made if Approaches 1 and 2 differ and one of these two
approaches is actually the “correct” one.*®

4 The Economic and Social Research Institute (ESRI), Cabinet Office of Japan, with the help of Koji Nomura
is preparing a new survey to be implemented as of the end of 2006.

47 For a description of the BLS productivity program and an extensive list of references, see Dean and Harper
(2001).

The BLS procedure also leads to some inconsistencies if an endogenous rate of return to capital is used in
constructing user costs.

48
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Which approach is likely to the “correct” one?*’ I would vgte for Approach 2 ov@.pproach
1 since workers often become self employed because the@:refer this type & employment _Q_)
over paid work; i.e., self employed work is not really equivxle)r[ to employe, rk, even after 5
standardizing for the type of job.*® On the other hand, the user cost of o@ifal should be the ]
same whether workers are employees, self employed or fami\? orkeQ.‘

In any case, it can be seen that there are still some major udsolved measurement issues
surrounding the imputation of wage rates for the self employed and £gmily workers. \)(

X

* | eC

In the current System of National Accounts, the treatment of inventory change in real
terms is very confusing to users since when nominal inventory change is divided by the
corresponding real change, negative implicit prices frequently occur. The meaning of these
negative prices is problematical. Diewert (2005¢c) suggested that this problem is due to the
failure of normal index number theory when the value aggregate being deflated can be
of either sign in the two periods under consideration. His solution to this problem was
straightforward: the value aggregate should be written as the difference between two
positive value aggregates and each of the two aggregates should be separately deflated. This
is analogous to the treatment of the trade balance which is rarely deflated directly; rather
exports and imports are separately deflated and shown as two separate real aggregates in the
SNA. Diewert (2005¢) also showed how inventory change and the user cost of inventories
can be jointly derived in a consistent economic framework due to Hicks (1961) and Edwards
and Bell (1961).%!

The problem of obtaining a more theoretically consistent treatment of inventory change
may seem rather minor but inventory fluctuations often drive changes in GDP so a transparent
treatment of this part of inventories is important in productivity analysis.
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The Treatment of Inventory Change in the SNA

The Measurement of Financial Services Outputs and Inputs

The problems involved in defining the outputs and inputs of banking services (and other
financial institutions more generally) have been with us for a long time and there is still
no general consensus on what are the “correct” measures. Excellent recent discussions of
the issues involved may be found in Schreyer and Stauffer (2003), Fixler, Reinsdorf and

4 In practice, our choices may be constrained by the availability of data. For approach 1, it is necessary to

know the number of workers who are self employed and their hours of work. For approach 2, one needs data
on the capital stock that is being used by the self employed.

This preference for Approach 2 over Approach 1 does not solve our measurement problems since if there are
say both self employed and family workers in a firm, Approach 2 only gives us an aggregate imputation for
the two types of labour rather than a separate imputation for each type of labour. We may have to resort to
econometric methods and production function estimation in order to obtain direct estimates for the shadow
prices of self employed and family labour.

Diewert’s analysis also draws on Diewert and Smith (1994).
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Smith (2003) and in Chapter 7 of Triplett and Bosworth (2004).5> T lean towar@he “user
cost” school of thought that has been developed by Handagk (1985) (199%pd Fixler and

Zieschang (1991) (1999) but a consensus on the “best” t}@retical approag["to measuring 5
financial service industry outputs and inputs has not yet eme\&ged. (74} ]

Q- 2

The Effects on Productivity Growth of the Entry and Exit o@rms e

How does the entry and exit of firms contribute to productivity grg«/ 253 This is an exci{gé
new area of research in productivity analysis that is only a bit over 10 §egrs gddCset the
pioneering contributions of Baldwin and Gorecki (1991) and Baily, Hulten and Campbell
(1992). Not only is this area of research of interest from a theoretical point of view, it appears to
be extremely important empirically; see Haltiwanger (1997) (2000) , Ahn (2001), Bartelsman
(2004) and Bartelsman, Haltiwanger and Scarpetta (2004).

An unresolved issue in this literature on the contributions to productivity growth of
entering and exiting firms is how exactly should we measure these contributions. Various
answers to this question have been proposed by Baldwin and Gorecki (1991), Baily, Hulten
and Campbell (1992), Griliches and Regev (1995), Olley and Pakes (1996), Bartelsman and
Doms (2000), Foster, Haltiwanger and Krizan (2001), Fox (2002), Balk (2003a; 25-31),
Baldwin and Gu (2003) and Diewert and Fox (2006). Again, there is a need for a consensus
to form on what is the “best” treatment of this subject.

The Consistency of Quarterly Estimates of Productivity Growth with Annual Estimates

The final measurement problem associated with productivity measurement that has not
been definitively resolved is the following one: how can quarterly estimates of productivity
growth be made consistent with annual estimates?

The answer to this question is not simple because of three factors:

* Theexistence of seasonal commodities; i.e., it is difficult (or impossible!) to form estimates
of real output growth if some outputs are not available in all quarters and

* The possible existence of moderate or high inflation within the year.

* There are mathematical problems in reconciling sums and ratios which defy easy
solutions.>

If there is high inflation within the year, then when annual unit value prices are computed
(to correspond to total annual production of the commodities under consideration), “too

2 A summary and comments on Triplett and Bosworth may be found in Diewert (2005d), which is an extended
version of a shorter review which appeared in the International Productivity Monitor, Volume 11, Center for
the Study of Living Standards, Fall 2005, pp. 57—69.

53 See Bartelsman, Haltiwanger and Scarpetta (2004) for a review of the evidence on the productivity effects
of entry and exit over 24 countries using micro data sets over the past decade. Other reviews of the literature
on this topic can be found in Haltiwanger (1997) (2000), Ahn (2001) and Balk (2003; 25-31).

5% See Balk (2005) on this point in particular.
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much” weight will be given to the prices of the fourth quarter compared to the @es in the
first quarter. There are possible solutions to this problem l@ they are rather 8mplex and as
usual, there is no consensus on what the appropriate soluti(\l.lfhould be.

For possible solutions to the above problems, the reader 1s referred to @;?(1996), Diewert
(1998) (1999), Bloem, Dippelsman and Maehle (2001), ArmKnecht Diewert (2004) and Y
Balk (2005). b

It can be seen that there is a fairly large number of outstandjng theoretical proble 4
associated with the measurement of productivity growth. Hopefully,Ern the ‘Etléedv& 1l
make some progress in coming to a consensus on what the “best” solution is to-each of these
problems.

In the following section, I conclude with some recommendations to the OECD which
could help facilitate productivity comparisons between countries.
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Recommendations for the OECD

The OECD is my favorite international statistical organization since they provide products

that I find most useful in my own teaching and research. Some of the most useful products

from my perspective are the following ones:

*  The OECD tries to provide standardized national accounts data for its member countries
back to 1960.%

* The OECD is the source for tax data on a harmonized basis.”” Thus when international
comparisons of taxation are made, the OECD data base on taxation is always the first
source that researchers turn to.

*  The OECD provides very useful advice to its member countries in its annual country
reports.

* The OECD has specialized in providing R&D data for its member countries and in
examining the role of R&D in productivity growth.

55 See Hill (1996) and Diewert (1998) for a discussion of these problems.

% In my applied economics course that I teach to MA students, each student has to pick an OECD country
and develop a set of productivity accounts for his or her country back to 1960. They find the OECD national
accounts and tax data invaluable.

However, Kohli points out that these taxation data must be used with some care to ensure that like is
compared to like: “The OECD always ranks Switzerland among the low tax countries, but by the time
you have added up the premia for unemployment insurance, disability insurance, accident insurance,
medical insurance, and pension funds (all of which are compulsory, but not financed by general government
revenues), the picture is quite different.” Ulrich Kohli, private communication.
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Thus the OECD is already in the business of providing standardized data 0@ member
countries. My recommendations below suggest that this@ﬂe should be e@gnded in the
following ways:

«  The OECD should provide some guidance on “standard” assumptions@r the construction
of user costs and provide these standardized user cos‘csaS its ber countries. Also
the OECD should fix the inventory change problem menttesded in section 3.9 above and
provide “standard” user costs of inventory in a theoretically cdysistent framework.

S
3

/

»  The OECD should provide “standard” depreciation rates for capital ®ocks @(fpf%vide
“standard” estimates of the flow of capital services for member countries.*

*  The OECD should provide “standard” estimates for the imputed labour income of the self
employed and unpaid family workers. The methods used to do this will not be exactly
right, but someone has to make a start on this difficult problem.

» The OECD should continue to cooperate with the EU KLEMS project.” As a start, it
would be very useful for the OECD to provide data on the price and quantity of inputs and
outputs for the market sector in each member country; i.e., once we have the sectoral data
on the market and nonmarket sectors from the KLEMS project, it would be straightforward
to calculate productivity levels for the market sector of each OECD economy and compare
these levels across countries.®” In short, an expansion of the EU KLEMS project to cover
all OECD countries would allow us to make international comparisons of productivity
for the market sector in each member country’s economy.

*  The OECD should continue to sponsor these meetings on productivity so that member
countries can continue to report on their practical experience in setting up productivity
accounts and so that interested researchers can interact with the practitioners and
hopefully provide solutions to some of the difficult measurement problems mentioned
above.

8 Once the standardized depreciation estimates are in hand, it would also be useful to the OECD to publish
net value added productivity growth rates for member countries along the lines recommended by Diewert
and Lawrence (2006).

% See the papers by van Ark, Timmer and Pilat (2006), van Ark, Timmer and Ypma (2006) and Timmer and
Inklaar (2006) that were presented at this conference.

8 The general government sector in each economy cannot be expected to behave in an optimizing manner so

that the usual assumptions underlining the growth accounting methodology will generally not hold for the
nonmarket sectors in each economy.
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Introduction?

There has been renewed divergence of GDP per capita among OECD countries over the past
decade: Whereas the relatively less advanced countries tended to catch up with the leader,
the US, from the late 1940s to the late 1980s, the situation has reversed since the mid-1990s.
While GDP growth was accelerating in the US, it was just slowing down in most countries
of Europe and in Japan. It tended to slow down again in the 2000s in the US, but also in
Europe.

GDP depends on how many workers there are, and how efficient they are: It results as
the combination of two immediate factors, utilisation of labour and productivity of labour
(See OECD 2008, Compendium of Productivity Indicators). Productivity matters especially
in the long run; it is the key to sustainable economic growth. Innovation in turn is a central
factor of productivity growth. Assessing the innovation performance of a country, and
explaining it, goes a long way to understanding the dynamics of its productivity, hence its
economic growth. It is what this paper will attempt to do, starting from GDP growth, going
to productivity, to R&D, to innovation performance, and to the structural and institutional
factors which influence innovation.

The major OECD sources of data used for this article are as follows: the Compendium
of Productivity Indicators (2008) for growth and productivity figures; the Main Science and
Technology Indicators (MSTI) for R&D data; the Compendium of Patents Statistics of 2007
for patent indicators; the Science, Technology and Industry Scoreboard of 2007 for most
other indicators.

From GDP to productivity growth: General trends and determinants

The interest of many OECD countries in economic growth over the past years was partly
linked to the strong performance of the United States over the second half of the 1990s and

8t This study is based on presentations made at the OECD Productivity Conference of 2005 held in Madrid
(Pilat 2005) and of 2006 held in Bern (Guellec 2006). This paper reflects the views of the authors and not
necessarily the views of the OECD or its member countries. The findings of this paper draw on work of
many colleagues of the OECD, notably Paul Schreyer. Productivity indicators from the Compendium of
Productivity Statistics have been compiled by Agnés Cimper and Julien Dupont.
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the reversal of the catch-up pattern that had Growth in @DP per capita O

characterised the OECD area over the 1950s (Compund annkellgrowth rate, %) b G2-1 9
and the 1960s. During much of the early 5
postwar period, most OECD countries grew ]
. Italy
rapidly as they recovered from the war and
applied US technology and knowledge to Porweal
upgrade their economies. For most OECD Germany
countries, this catch-up period came to a Switzerland
halt in the 1970s; average growth rates of France
GDP per capita over the 1973-92 period for Netherlands
much of the OECD area were only half that EULS
of the preceding period, and many OECD Austria
countries no longer grew faster than the Belgium
United States (Maddison, 2001). ek
During the 1990s, a different pattern
emerged. Even though the United States fapan
already had the highest level of GDP per OECD
capita in the OECD area at the beginning Spain
of the decade, it expanded its lead on many Canada
of the other major OECD countries during Mexico
the second half of the 1990s. A few other Norway

OECD countries, including Australia, United
Canada, Finland, Greece, Ireland, Portugal, States
Spain and Sweden, also registered markedly
stronger growth of GDP per capita over

Australia

New Zealand

the 1995-2006 period compared with the Kirliffcilgeri
1980-1995 period. Some of these countries Sweden
continued to catch up with the United Ieeland
States in the second half of the 1990s and Finland
in the 2000s. In contrast, the increase in Luxembourg
GDP per capita in several other OECD Ireland

countries, including Japan, Germany and
Italy, slowed sharply over the second half
of the 1990s, leading to a divergence with
the United States. Most OECD countries

Greece
Poland

Korea
Czech

have experienced a slowdown in GDP per Republic
capita growth in the first half of the 2000s, H“Tgafi
Japan being a major exception. However in prﬁﬁﬁc

this context the US kept the fastest growth Turkey
among G7 countries except for the UK,
while the largest continental European
countries  experienced even further
signiﬁcant slowdown (graph 2—1). Source: Compendium of Productivity Statistics 2008

1995-2000 I 2001-2006
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Even though US growth performance is no longer considered to be as eptional
as was claimed during the “new economy” hype, its stzang performanceygver the past _Q_)
decade has increased interest in the analysis of economic grqwth and the ces of growth 5
differentials across countries. The OECD work suggests \£§at the di@gence in growth ]
performance in the OECD area is not due to only one cause, 6‘[‘[ha flects a wide range Y

of factors. e
Differences in the measurement of growth and productivity t also be contribut égg
to the observed variation in performance. An OECD study (Ahmad&Zer g/, 200 @g'g

that such differences do play a role, but that they probably only account for a small part
of the variation in growth performance. To reduce the uncertainty of empirical analysis
related to the choice of data, OECD has developed its Productivity Database, which is used
in this paper.

GDP per capita can be broken down into two components: labour utilisation (number of
hours worked per capita) and the efficiency of labour (GDP per hour worked, also labelled
productivity of labour). Labour utilisation in turn results from three factors: average working
time, labour force participation rate and unemployment rate.

Improving labour utilisation remains important for many EU countries

The first factor affecting growth differences concerns labour utilisation (graph 2-2). In the
first half of the 1990s, most OECD countries, in particular many European countries were
characterised by a combination of high labour productivity growth and declining labour
utilisation. The high productivity growth of these EU countries may thus have been achieved
by a greater use of capital or by dismissing (or not employing) low-productivity workers. In
the second half of the 1990s, many European countries, improved their performance in terms
of labour utilisation, as unemployment rates fell and labour participation increased. However,
the growth in labour utilisation was accompanied by a sharp decline in labour productivity
growth in many European countries, which was not necessarily the case elsewhere (e.g.
Canada or Ireland).

Achieving a combination of labour productivity growth and growing labour utilisation
requires well functioning labour markets that permit and enable reallocation of workers. This is
particularly important during times of rapid technological change. Labour market institutions
have to ensure that affected workers are given the support and the incentives they need to
find new jobs and possibly to retrain. In many countries, institutions and regulations hinder
the mobility of workers and prevent the rapid and efficient reallocation of labour resources.
In most of the countries characterised by a combination of increased labour utilisation and
labour productivity, reforms over the 1980s and 1990s improved the functioning of labour
markets, effectively enabling more rapid growth.

Much progress in enhancing labour utilisation has been made in many OECD
countries over the 1990s, but the 2000s have experienced a stagnation of labour utilisation
OECD-wide, with a decline in all G7 countries except Canada. In terms of levels, for
several OECD countries, notably many European countries, there is still a large scope
for improvement in labour utilisation, as it accounts for the bulk of the gap in GDP per
capita with the United States (The OECD Compendium of Productivity 2008 provides
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labour utilisation is particularly large for Belgium and Fche, but also affe& many other _Q_)

European countries. U o) 5
SnrilZ v

Labour productivity growth improved only in some OECD untriQ\ 2

Together with labour utilisation, labour productivity is the otheT kgy component of GDP perg,
capita. It is also the main determinant of the gap in income levels gé en the United

and most other OECD countries. After its acceleration in the second hal®of]thezd 9905 in a
number of countries (including Australia, Canada, Greece, Ireland and the United States),
labour productivity slowed down in most countries in the 2000s, the United States and some
European countries such as the United Kingdom and Sweden being the main exceptions
(graph 2-3).

The impact of human capital

Labour productivity growth can be increased in several ways: by improving the composition
of labour used in the production process, increasing the use of capital and improving its
quality, and attaining higher multi factor productivity (MFP). The composition of the labour
force is the first of these, and plays a key role in labour productivity growth. This is partly
because in all OECD countries, educational policies have ensured that young entrants on the
jobs market are better educated and trained on average than those who are retiring from it.
For example, in most OECD countries, more 25-34 year olds have attained tertiary education
than 45 to 54 year olds.

The available empirical evidence suggests that improvements in the composition of labour
have directly contributed to labour productivity growth in virtually all OECD countries
(Bassanini and Scarpetta, 2001; Jorgenson, 2003). Jorgenson (2003) points to contributions
of 0.2—0.4% of labour composition to GDP growth for the G7 countries. These estimates also
suggest that the contribution of labour composition to labour productivity growth has slowed
in most G7 countries over the second half of the 1990s, Italy being the only exception. This
is typically attributed to the large number of low-skilled workers that were integrated in
the labour force in many OECD countries over the second half of the 1990s. Moreover, the
contribution of labour composition may also decline over time if the gap in education levels
between cohorts of new and retiring workers becomes smaller over time. Growth accounting
estimates typically only take account of changes in educational attainment, however;
increases in the level of post-educational skills are also important, but few hard measures are
available.

The role of investment in fixed capital

Investment in physical capital is the second factor that plays an important role in labour
productivity growth. Capital deepening expands and renews the existing capital stock
and enables new technologies to enter the production process. While some countries have
experienced an overall increase in the contribution of capital to growth over the past decade,
ICT has typically been the most dynamic area of investment. This reflects rapid technological
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progress and strong competitive pressure in the production of ICT goods and se@es and a
consequent steep decline in prices. This fall, together with@e growing scopedQr application V
of ICT, has encouraged investment in ICT, at times shifi{nﬁ investmentﬁg; from other 5
assets (Pilat and Wolfl 2004). (74}

While ICT investment accelerated in most OECD count theQ'Ce of that investment Y
and its impact on growth differed widely across countries. For&7 countries, the use of ICT
capital accounted for between 0.2 and 0.7 percentage points of grox@}lép GDP per capita o &@
the 2000-2005 period, with most countries around 0.4 (graph 2—4). Tis ig siEﬁ ce@}& ss
than the contribution of ICT capital to growth in the 1995-2000 period. Among the G7, the
US, the UK and Japan are the countries with the highest contribution of ICT, while the large
continental European countries have the lowest.

The question that follows concerns the reason why the diffusion of ICT is so different
across OECD countries. A number of reasons can be noted. In the first place, firms in
countries with higher levels of income and productivity typically have greater incentives to
invest in efficiency enhancing technologies than countries at lower levels of income, since
they are typically faced with higher labour costs. Moreover, the structure of economies may
affect overall investment in ICT; countries with a larger service sector or with a large average
firm size are likely to have greater investment in ICT.

More specifically, the decision of a firm to adopt ICT depends on the balance of costs
and benefits that may be associated with the technology. There is a large range of factors that
affect this decision (OECD, 2004a). This includes the direct costs of ICT, e.g. the costs of ICT

Contribution of ICT to GDP growth G 24
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equipment, telecommunications or the installation of an e-commerce system. @mderable
differences in the costs of ICT persist across OECD cour@es, despite stron¥international 9
trade and the liberalisation of the telecommunications industry in OECD co es. Moreover, 5
costs and implementation barriers related to the ability of the {irm to abso@§new technologies
are also important. This includes the availability of know-how a ualified personnel,
the scope for organisational change and the capability of a firaA to innovate. In addition, a
competitive environment is more likely to lead a firm to invest in I(A, as a way to strengtheg
performance and survive, than a more sheltered environment. Moreovef, exgessiv reéu\'a fon
in product and labour markets may make it difficult for firms to draw benefits from investment
in ICT and may thus hold back such spending.

<

Strengthening MFP growth

The final component that accounts for some of the pick-up in labour productivity growth in
the 1990s in certain OECD countries is the acceleration in multi factor productivity (MFP)
growth (graph 2-5). MFP growth rose particularly in Canada, Finland, France, Greece,
Ireland, Portugal, Sweden and the United States. In other countries, including Germany,
Italy, Japan, the United Kingdom, Belgium, Denmark, the Netherlands and Spain, MFP
growth slowed down over the 1990s. In the United Kingdom, the United States, Sweden and
Japan, MFP still accelerated in the 2000s, but in the large continental European countries it
slowed down.

Multifactor productivity Growth G2-5
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The improvement in MFP in some countries after the mid-1990s reflected @eak with
slow MFP growth in the 1970s and 1980s and may be due t(@sveral sources. Bugter skills and
better technology may have caused the blend of labour and (Qgital to produ re efficiently,
organisational and managerial changes may have helped to improve operat{dns, and innovation
may have led to more valuable output being produced with a g? n co@‘mation of capital and Y

labour. MFP growth is measured as a residual, however, and it \sdifficult to provide evidence
on such factors. Some is available, though, and is discussed below{, 4
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Innovation as a factor of productivity growth

Among the sources of multifactor productivity growth, technological and non technological
innovation is usually recognised as the most important one in the long run. Innovation occurs
when new ideas or inventions are put into use, so as to enhance efficiency of the production
process or the range or quality of goods and services (see the Oslo Manual, OECD 2005).
Innovation can come from R&D, a type of investment aimed at producing new knowledge;
it can also result from more applied types of activities, experimentation, on-site adaptations
etc. The impact of R&D on MFP growth has been established by many quantitative studies
(e.g. Guellec and van Pottelsberghe 2001). In addition, much innovation is not technological
but can still exercise a strong effect on productivity (new organisational systems, new ways
of delivering goods and services, new types of services etc.). Innovation not only increases
directly economic efficiency, but it also creates investment opportunities which translate into
further economic growth via the accumulation of capital. Such opportunities created by ICT
obviously played a role in the wave of physical investment in a series of countries in the
second half of the 1990s.

Innovation is of particular interest to government as it is seen as an area where policy
can have a significant impact. The returns from investment in new knowledge can often
be appropriated only partly by the inventing firm, as competitors can take inspiration from
the new technology and create their own version, which will reduce the market power of
the inventor, hence her mark up on the price. Lower return for inventors means a tendency
to invest in R&D less than it would be efficient from the perspective of society. Hence the
importance of government in this area: to provide monetary incentives (subsidies, tax reliefs),
but also, and sometimes mostly, to provide adequate institutional conditions which will give
business a sufficient return on investment and adequate incentives to invest. That includes
industrial property rights, competition policy, regulation etc.

R&D performance

R&D intensity, the ratio of R&D expenditure over GDP, is the most often used measure of
effort in science and technology (graph 2—6). The OECD average was 2.25% in 2005, but
there is wide cross-country variation. Nordic countries, together with Japan, Switzerland,
Korea, the US and Germany feature significantly above the average. These are all countries
with high GDP per capita, and most of them have had high growth over the past decade. The
EUIS5 has been around 1.9% for years. The UK, the Netherlands, Spain and Australia are well
below the average. The R&D intensity of OECD increased significantly in the late 1990s,
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GERD as % of GDP G2-6 but it has not progressed smce@n as the
increase 1Qapan was com@sated by the 9
EU-15 — reduction in he US. 3
Total OECD o

performs th€ bulk &D (63% and 68% Y
respectively QECD-wide; graph 2-7) and

its share has beenjacreasing consistently, m@
most countries over Eﬁe Past tw &'a
Whereas government R&D istather almed at
public policy objectives, such as expanding
the knowledge base or responding to social
needs (health, environment), business R&D
is closely related to market applications,
with a more direct impact on measured
productivity. The share of business in total
R&D is lower in the EU as compared with
Japan and the US, although some countries
(Nordic countries, Germany) feature high.
Business R&D is the determinant factor
in cross country variations in total R&D,
because government R&D relative to GDP
is much less dispersed across countries than
business R&D is.

However it is noticeable that countries
where government does or funds more R&D
are also the ones where business does more

—_— R&D: notably Nordic countries, the US or
00 03 L0 Ly 20023 30033 4045 Germany (graph 2—8). This illustrates the

United
States
United
Kingdom

The bu51%ess enter @e sector funds and

Switzerland
Sweden
Spain

Netherlands

Korea
Japan
Italy
Ireland
Germany
France
Finland
Denmark
Canada
Belgium

Austria

Australia

B 2005 1995 impact of public R&D on business R&D,
shown in a more controlled way in various

Source : OECD, Main Science and Technology Indicators, . .

October 2007. econometric studies (e.g. Guellec and van

Pottelsberghe 2001b). Public R&D can open
new avenues to knowledge, which are then
followed by the more applied, business R&D. Public R&D also trains researchers (e.g. PhDs)
which find then jobs in the business sector.

Technological output

What does this considerable investment on R&D result in? The most often used indicator of
the output of R&D investment is patents. The statistical properties of patents as indicators
of technical change have been extensively studied (OECD 2007, Compendium of Patent
Statistics). The indicator used here is “triadic patent families”, which are inventions protected
altogether in Europe, the US and Japan. They are not subject to the “home bias” which affects
all national patent data, and they leave aside inventions with low economic value which are
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patented in one country only. The country of reference is_the one where the i@ntor (not
necessarily the owner, usually a company) resides. (graph 2=D).

About 53 000 triadic patent families were filed worldwidg in 2005, a s increase from
less than 35 000 in 1995. Growth during the second half of th€ 1990s was £ steady 7% a year
on average until 2000. The beginning of the 21st century was markdg by a slowdown, with
patent families increasing by 2% a year on average. The Unitod/States, the European Union
and Japan show similar trends, with a stronger deceleration in J after 2000. Betwegeg
2000 and 2005, the number of triadic patent families remained stable AustFrﬁlia (’@}‘lﬁ Y,
France, Sweden and Switzerland, while those originating from Denmark, Fifilafid and the
United Kingdom decreased respectively by 2%, 6% and 1% on average (but Finland had had
a sharp increase in 1995-2000). Overall the output of technological activities evolved quite in
parallel with the main input of these activities, R&D, with an acceleration in the mid-1990s
and a slowdown after 2000. Not only the number of patents matter, but also the technological
composition is important, and in that regard some countries have been more successful than
others in developing emergent technologies rather than digging deeper in older fields (see
next section below).

/

Openness

Inventions made in a particular country rely not only on R&D performed in that country, but
also on knowledge inputs from other countries, or “knowledge transfers”. Openness to the
rest of the world is extremely important to the economic growth of any one country, due to

Triadic patent families, compound annual growth rates G 2-9
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several mechanisms such as increased competition (on the_domestic market an®1 foreign
markets), or the ability to specialise so as to develop compa@ive advantages benefit from

economies of scale, but it is all the more important in the fialdjof technology»£ot all countries
foreign sources of knowledge have a major impact on MFP gro)%th. This is@ the more true for

52 - 2. PRODUCTIVITY GROWTH AND INNOVATION IN OECD 1 6

smaller countries, which could not invent everything by them$elves. [ingddition, the impact of Y
foreign R&D on domestic productivity is higher in countries w do themselves much R&D,
as own capabilities facilitate the assimilation of others’ technologf Anternational technolo 4
transfers can be facilitated in different ways, such as research co-operatibf (i.g. ris_ia%cl@r'ﬁg ts
involving both domestic and foreign researchers), the creation of foreign research facilities by
domestic multinational firms, or of domestic laboratories by foreign multinational firms.
International linkages can be measured with patent information, as patent filings include
the address of all co-inventors of any particular invention. The world share of patents
involving international co-invention among all patents increased from 4% in 1991-93 to 7%
in 2001-03 (graph 2—10). This reflects the enhanced impact of globalisation on technological
change (OECD 2008b). The extent of international co-operation differs significantly
between small and large countries. Small and less developed economies engage more
actively in international collaboration. Co-invention is particularly high in Belgium, Ireland,
Switzerland and Canada. Larger countries, such as France, Germany, the United Kingdom
and the United States, report international co-operation of between 12 and 23% in 2001-03.
In view of its size, the UK is more opened than other comparable countries, while Japan and
Korea look more insulated.

International co-inventions
(Share of patents with co-inventors residing in a different country) G 2-10
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For countries which are at the technological frontier —the ¢ s of most OEC,? untries and a 3
few others- their ability to nurture new technical fields is an é}S‘Jportant c@uponent of growth v
performance. Not only such fields are growing more rapidly ard are root of tomorrow’s v
industries, but they generate spillovers which benefit to other ﬁel@ Three technical fields are of
particular interest in that regard nowadays: ICT, biotechnology and notechnology. In terms

the impact on productivity, we’ve seen how important ICT use has beeigang) it pip.l ge&teﬁ at
biotechnology and nanotechnology, as they are getting more mature and are a at a large

scale, will have significant impact on productivity in the future. In terms of economic conditions,

all these technologies are initially developed mainly by new firms, start-ups, created just for
developing and implementing such inventions. Many of these start-ups were born out of research
conducted in universities. Hence, the performance of a country in new, emerging technical fields

is a reflection of its ability to encourage entrepreneurship and to generate high quality academic
research with industrial applications. A country’s relative focus on these fields can be measured

by the share of these fields in total patents taken on inventions coming from the country, relative

to the same share in other countries — this is an indicator of comparative advantage (graph 2—11).

In that regard, the US seems to have a significant comparative advantage in biotechnology and

in nanotechnology, whereas it is in the average for ICT. Japan has an advantage in ICT and

nano, but is weak in biotechnology. As for the EU as a whole, it is weak in all three fields, in
accordance with a tendency to keep to established technical fields. The latter statement does not

apply to all countries, as the UK, Denmark and Belgium have an advantage in biotechnology,

The development of new activities

Comparative advantage of countries in emerging technology fields (share of patents in
the field in the country divided by the share of the field in total OECD patents)
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3,0
25
2,0
1,5
1,0
0,5 +
0,0
< < ] ~ = 3 > = =1 < @ =] =} = = =2 ]
£ £ E ¢ & X &8 7 § £ ¢ £ § & P 2E BEE g
E 3 5 F & f FE E % F Z f & ¢ Of ERE: oz
S < o) &} 5 23 B~ o) 9 7 N k=
< A [ ) s 5 M
Z )

ICT I BIO B NANO

Source: Main Science and Technology Indicators; OECD Patents Database.

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008



e /.‘ ' E di(‘ ya
o - 0’)
@ N .

France in nanotechnology, Finland and the Netherlands have an advantage in IC@‘)C strong
advantage of Australia and Canada in biotechnology is also @iceable. b
The emergence and expansion of new industries depengsjnotably on:
1) The availability of the needed factors, mainly skilled labour, know@?ée (science), and v
capital; Q‘
2) The incentives and institutions that will drive these factors Wato new industries rather than
keeping them into established activities. That includes competiti€p and openness of prodye
markets and of the labour market, as well as adequate incentives forCapjjal E %1@& y
areas and incentives for universities to transfer new knowledge to industry.
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The availability of human capital

Innovation in general requires skilled labour, both for its generation and for its diffusion. In
addition, emerging fields usually require new skills, which are brought by new graduates
rather than older cohorts. Hence the ability of a country to nurture emerging fields should be
related to the flow rather than the stock of human capital, provided that new fields would have
a higher share in current flows than in older ones. The number of new university graduates is
an indicator of this flow (graph 2—12). In 2004, OECD universities awarded about 6.7 million
degrees, of which 179 000 doctorates. At the typical age of graduation, 35% of the population
completed a university degree and 1.3% a doctoral degree. Nordic countries, with Switzerland,
the United Kingdom, Germany and Austria have the highest graduation rates at doctoral level
in science and engineering.

Graduation rates at doctoral level, 2004
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The availability of basic knowledge O

Technological innovation, especially in emerging fields, 1s very close t(écience. New —
artefacts are invented in connection with new discoveries, hﬂ)re than it isz@case in mature
technical fields. It is not by accident that clusters of innovatjye start?\ sually blossom in @
the neighbourhood of the most advanced research universitig€\Henc® a country willing to €2
nurture emerging technical fields should make particular effc@ ip basic scientific research.g,
Counts of scientific journals articles are used as indicators of the e@rmance of scie{
scientific institutions and of countries. e |LeC

In 2003, some 699 000 new articles in science and engineering (S&E) were reported
worldwide, most of which resulted from research carried out by the academic sector. They
remain highly concentrated in a few countries. In 2003, almost 84% of world scientific articles
were from the OECD area, nearly two-thirds of them in G7 countries. The United States leads
with over 210 000.

In order to assess the performance of countries, the number of articles has to be standardised
by the population (graph 2—13). The geographical distribution of publications is very similar
to that of R&D expenditure, with more S&E articles produced in countries with higher R&D
intensity. For instance, in Switzerland and Sweden, output exceeded 1100 articles per million
population in 2003. The level of scientific publications is low in Korea and Japan, compared
to their R&D efforts, but a statistical bias in publication counts towards English-speaking
countries may be part of the reason.

b

Scientific publications per million population, 2003 and 1993 G 2-13
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Universities and government laboratories (public research organisations: 1@3 are a
unique source of knowledge for industry: To what extent (&s this potential@essential role ~
materialise across countries? Knowledge transfers from PR®s to industr take several 5
channels. Over the past 25 years, starting in the US and then ¢Qming to oth@y OECD countries,
PROs have patented more and more of their inventions, with_the o ive to encouraging
their downstream exploitation, notably by the creation of spin—@fs and licensing out to start-
up companies. The justification is that most enterprises will not engﬁin costly downstreag
investment if they are not guaranteed some exclusive rights on the proddct they, areée@ g
on the basis of fundamental knowledge provided by universities. It is then intetesting to look
at the number of patents taken by PROs across countries (graph 2—14). It shows notably that
the EU (led by Belgium, the UK and France) is ahead of the US in that regard, while Nordic
countries are far behind Nordic countries are putting more emphasis on other mechanisms of
technology transfer.

This is not the whole story however, as another channel for knowledge transfers between
PROs (notably universities) and industry is to conduct joint research projects, where the
business part provides often the funding while the research is done by university staff. This
mechanism is reflected in the share of public research funded by business (graph 2—15). From
that perspective, the ranking of countries is quite different: If Canada and Belgium are highly
ranked in both indicators, we see Germany, Switzerland or the Netherlands (and Finland and
Sweden to a lesser extent) featuring better for funding than for patenting, while the UK and
France lag behind. This could show that PROs follow different models across countries in their
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Patent applications filed by Public Research Organisations as % of total patents
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attempt to transfer technology to industry. For instance, in Sweden and in Gerl@/ (until a
law passed in 2003) patents from collaborative research @lld be taken by JRe researchers 2
themselves or by the industry partner, rarely by the univeysity itself. Ho T, the upward 5
time trends in both indicators indicate clearly that in all coggtries tech@dlogy transfers are ]
getting more significant. O Y

Venture capital ¢ (@

The standard mechanisms for allocating capital across economic activitie®, withg ﬁépany
planning, capital markets and banks, are not well equipped to address emerging technologies
and in particular start-ups. Large, established firms will tend to fund new activities which are
in line with their current business, not those which might disrupt it or cannibalise it. Banks
are ill-equipped for managing the specific risk patterns of emerging industries, and they
are limited by strict prudential regulations. Capital markets are characterised by arm-length
relationships between investors and the firms, which limit the quantity of information that
can be passed to investors. It is therefore not expected that entirely new activities are started
by large, established firms or funded by markets or banks. In fact, capital is allocated to
emerging activities mainly through venture capital (VC). Emerging activities are typically
developed by new firms, with high risk and high reward. VC has permitted the creation
of nearly all successful companies in new industries since World War 2, including Intel,
Microsoft, Chiron etc. All prominent internet or biotech start ups have started with VC
funding. Biotechnology was developed, starting in the 1980s, by start ups, which would then

Share of university research funded by the business sector (2004) G 2-15
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(when being successful) possibly be acquired by big pharmaceutical companies @1 way for
these companies to access biotech knowledge and impleme@it in their mains&am activities
(developing new drugs, tests etc.).

The share of investment allocated by VC funds in proportion of GDRRaries significantly
across countries (graph 2—16). It is higher in Nordic countri€s, the Y Korea, and the US,
while continental Europe and Japan lag behind. Actually the‘edrrelation between the share
of nanotechnology and biotechnology in total patents and the ratiyqf VC over GDP acr s@e
OECD (as reported in graphs 2—-11 and 2-16 respectively), is highefthag O.IS_, séo@r% e
close association of emerging technologies and venture capital.

The weak development of VC in certain countries is probably one factor which explains
the difficulty of nurturing new industrial activities. The degree of development of venture
capital in a particular country is related to both supply side and demand side factors. On
the supply side are financial regulations (e.g. easiness for institutional investors to channel
capital into VC funds; easiness to free the capital back when the investment has succeeded,
by an Initial Public Offering). Demand for VC depends on entrepreneurship, and it is affected
by the broader conditions of entrepreneurship, such as bankruptcy laws (which influence
the distribution of risk between entrepreneurs and fund providers), market openness to new
entrants (competition law, public procurement etc.), and by labour market regulation (which
command the possibility and cost for new firms to attract and lay off staff). Nordic countries,
the UK, Korea and the US seem better positioned in that regard.
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Conclusion O

QO

Starting from an analysis of productivity growth across QECD countrie, Qe"ve seen the
contribution of technical change and focused on the key role of emerging te@hfical fields, based
on the ability of countries to generate new scientific knowledgesmnd to e rage venture capital
and entrepreneurship. Although the complete picture is of cou@ore complex (notably with a
catching up component for certain countries like Ireland or Korea){gountries with the highegt
growth performance, including the US and Nordic countries, are the oh;'s \&glictndis E‘MG
highest ability to nurture emerging technical fields —ICT, biotechnology and n O%I:: nology.
It is the countries were conditions for entrepreneurship are the most favourable, allowing them
to capture the gains generated by emerging fields. The quality of the higher education system,
of the public research system, of the financial regulation, the adequate regulation of product
and labour market has encouraged, in various ways, the reallocation of resources to new fields,
generating productivity gains which are at the core of economic growth.

9
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e Lect
Introduction

Spain and most of the rest of the European Union (EU) countries have experienced a
productivity slowdown since the middle of the nineties. During the same period, the United
States (US) showed an upsurge of productivity that lasted until now. Information and
Communication Technologies (ICT) were soon identified as a major force in the reversal of
the productivity slowdown in the US®. In contrast, no strong evidence in this direction is still
available for most of the EU countries. Many studies concentrate on the aggregate behaviour
—referring either to total output or to business sector output. However, it became soon evident
that at least a distinction should be drawn between ICT producing sectors and the rest of
the economy. Particularly, for those countries without a strong ICT production sector, the
classification of the different industries according to the intensity of their ICT use was a great
step forward.

We follow this latter approach using a database recently released by the FBBVA
Foundation (Mas, Pérez and Uriel, 2005), which provides capital services estimates for thirty
three industries and eighteen assets, three of which are ICT assets (software, hardware and
communications). We concentrate on the business (non-primary) sectors of the economy.
Most likely, this set of industries is the best sample to analyze the productivity performance
of a country for two reasons: 1. productivity measurement problems in the non-market sectors
and 2. the continuous and intensive increase in productivity observed in the primary sectors
as a result of an accelerated process of jobs destruction.

The current absence of information on the ICT producing sectors forced us to concentrate
on the impact on productivity of using rather than producing ICT. Accordingly, we partitioned
the business sector into two subgroups based on their intensity of ICT use. The evolutions of
these two clusters —as well as the individual industries that make up the groups- are analyzed
in detail for the period 1985-2004. Then, we follow the well established growth accounting

82 The results here presented are part of the FBBVA Research Programme. Support from the Spanish Science
and Education Ministry ECO2008-03813 is gratefully acknowledged. Thanks are due to Francisco Pérez,
Javier Quesada, Paul Schreyer, Ezequiel Uriel and Francisco J. Goerlich, as well as the participants in the
Workshop organized by FBBVA-Ivie in Valencia, February 2006. Juan Carlos Robledo provided excellent
research assistance»

6 Bailey (2003), Bailey and Gordon (1988), Colechia and Schreyer (2001), Gordon (1999), Jorgenson and
Stiroh (2000), Oliner and Sichel (2000), O’Mahony and Van Ark (2003), Pilat (2003), Stiroh (2002), Van Ark
and Timmer (2004) and Timmer and van Ark (2005).
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framework to obtain the sources of growth decomposition. This exercise allows L@ 1dentify
and quantify the contribution to productivity growth -with i&orresponding sidgwdown- made _Q_)
by 1) capital deepening —distinguishing ICT from non-ICT (Qgital— ii) impr ents in labour 5
qualification, and iii) Total Factor Productivity (TFP). (74}
ﬁis
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The structure of the paper is as follows. The first sectio cribQ‘rhe data. The second
section presents the aggregate behaviour, proposes a taxonomy of industries based on the
intensity of ICT use and explains their dynamics over the 1985-2008period. The third sectiog
details the time pattern as well as the observed changes in quality exEériqlmeyéa@tﬁ: d
capital. The fourth section reports the results of the growth accounting exercise, emphasizing
the 2000-2004 recovery of productivity, while the last section presents some concluding
remarks.

<

Data

Output data come from the Spanish National Accounts. Since residential capital is not
considered part of the definition of productive capital, we exclude two items from gross
value added: namely, rents from dwellings and incomes from private households with
employed persons. We measure labour in hours worked. The employment figures come also
from National Accounts. The number of hours worked per employed person has been taken
from OECD and was available at the Groningen Growth Development Centre, 60 Industry
Database. They assume that the number of yearly working hours by employee is the same in
all branches but different throughout time. The labour quality index considers seven types
of qualification according to the level of studies. Information on the number of employed
workers comes from the Labour Force Survey (INE, Instituto Nacional de Estadistica) and
the corresponding wages from the Wage Structure Survey, also compiled by INE for the
years 1995 and 2002. The data for capital services come from Mas, Pérez and Uriel (2005).
They provide detail for 18 different types of assets, three of which are ICT assets (software,
hardware and communications).

Aggregate behaviour and industries dynamics

Table 1 shows the evolution of output, employment (in hours) and labour productivity over
the whole period 1985-2004 and also for five different sub-periods. Panel a) refers to the total
economy while panel b) concentrates on the business non-primary sectors of the economy
(that is, excluding agriculture and fishing as well as all non-market sectors). Graph 3—1 plots
the series for the latter aggregate.

First thing to notice is the remarkable influence of the primary and the non-market
sectors on the performance of productivity in Spain. Labour productivity grows faster in
the total economy than in the business non-primary sector. This is mainly due to different
rates of employment growth. Essentially, this effect is brought about by the destruction of
employment in the agricultural sector.
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T3-1 Real Gross Value Added, Employment (hours worked) and Labor Pr@ctivity

annual rates of growth (%) QJ
a) Total economy U A®' J
| 19852004 | 1985-1990 | 19901995 19952989 }K95-2000 | 2000-2004 o]
Real GDP 321 475 0.98 3.57 8 4.05 3.00 2]
Employment (hours worked) 2.25 3.11 -0.56 3% 4.05 2.55 (@
Labor productivity per hour worked 0.96 1.64 1.54 0. b, 0.00 0.@
*e€

b) Total Market (non-primary) Economy

| 19852004 | 1985-1990 | 1990-1995 | 1995-2004 | 1995-2000 | 2000-2004

Real GDP 3.21 4.75 0.98 3.57 4.05 3.00
Employment (hours worked) 2.25 3.11 -0.56 3.39 4.05 2.55
Labor productivity per hour worked 0.96 1.64 1.54 0.19 0.00 0.45

Source: INE and own calculations.

If we concentrate on the business (non-primary) sectors, panel b) informs us that, for the
entire period the three variables show a positive trend, but with very different intensities. The
average annual growth rate of real output for 1985-2004 was 3.23% and that of employment
2.93%, so productivity grew at a very modest rate of only 0.30%. It is interesting to note
that labour productivity growth had different drivers. In the first sub-period (1985-1990)
the slight increase in productivity was due to the rapid increase of output (4.78%) over an
also significant positive rate of employment creation (4.16%). In the second period (1990—
1995) productivity growth was the result of a very modest output growth (0.82%) and a
reduction of employment (-0.15%). The combination of both forces made this second period
the fastest labour productivity growing sub-period of all. During the period 1995-2000 real
GDP grew at a very fast rate (4.12%) but employment creation was even stronger (4.81%).
As a consequence, labour productivity growth was negative (-0.69%). Finally, over the last
sub-period (2000-2004) both, output (3.18%) and employment (2.94%) slowed down from
their previous fast growth rates, allowing a very modest labour productivity recovery of only
0.23% per year.

The aggregate behaviour might hide from view potential differences among the distinct
sectors. In fact, the very sharp reduction of agricultural employment over the period —and its
corresponding extremely fast productivity growth- recommended the removal of the primary
sector (agriculture, cattle farming and fishing) from the analysis. On its part, measurement
problems —together with difficulties on how to interpret properly labour productivity
improvements- in the public sector recommended to concentrate on the private non-primary
branches of the economy.

After these modifications, we were left with information for twenty six industries. The
next step was to classify these branches according to their intensity in the use of ICT assets.
We have used one basic criterion: the relation between the value of ICT capital and total capital
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services in each industry over the period 1995-2004. If the ratio of a partlcula ustry is
above the average we include it in the Intensive ICT users up Otherwise, M\js considered

v
part of the Non-Intensive ICT users group. Additionally, we yse a second i ator: the ratio 5
of ICT capital services over employment (hours worked). "The propos@, axonomy of the ]
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twenty six industries is shown in table 3-2. Y

T3-2 Industries t (' b \)(@
naustries taxonomy ° L e C -‘

I Intensive ICT users II Non-Intensive ICT users

1 Electricity, gas and water supply 9  Food, drink and tobacco

2 Pulp, paper, printing & publishing 10 Textiles, clothing, leather and footwear

3 Electric, electronic & optic equipment 11 Chemicals

4 Transport and communications 12 Rubber & plastics

5 Financial intermediation 13 Other non-metallic mineral products

6 Business services 14 Fabricated metal products

7 Private health & social services 15 Machinery & mechanical equipment

8 Other community, social & personal services 16 Transport equipment manufacturing

17 Wood & products of wood & cork;
Miscellaneous manufacturing

18 Wholesale & retail trade; Repairs

19 Hotels & catering

20 Real estate activities

21 Private education

24 Mining and quarrying

25 Mineral oil refining, coke & nuclear fuel
26 Construction

Source: INE and own calculations

Table 3—3 shows the weight that each industry —as well as the two clusters- have in the
aggregate private non-agricultural sector. The following comments are in order. First, the
weight of the Intensive ICT cluster on total gross value added and employment is lower than
that of the Non-Intensive. However, the former group has won some weight over the period.
More specifically, in 2004 the gross value added generated by the ICT Intensive cluster
represented 38.40% of total value, two percentage points more than in 1985 (36.54%). It is
interesting to note that not all the industries included in this cluster have experienced an
increase in their weight. In fact, only three out of eight had a higher weight in 2004 than in
1985, being Business Services the one experiencing the highest increase, four percentages
points (from 5.88% in 1985 to 9.85 in 2004). Only the Construction industry experienced
an even higher increase: over five percentage points (from 8.56% in 1985 to 13.97% in
2004).
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T3-3 Share of each industry on total market economy. Gross Value Added

Employment (hours worked). Total Market (nor@rimary) Econog 9
Percentages U @ :
Total Gross Value Added \ \) Ewgént (hours worked) 0/

185 | 1995|2004~ [ 1996 [1995 | 2004 v
100.00 100.00 IOO.M &]0.00 100.00 100.00 (@

TOTAL MARKET (non-primary)

Intensive ICT users 36.54 38.33 38.40 30b;5 ° :’e—zﬁ C:”;Z‘(::
Electricity, gas and water supply 3.76 342 2.40 1.02 0.81 0.54
Pulp, paper, printing & publishing 2.20 2.11 1.93 1.74 1.77 1.67
Electric, electronic & optic equipment 242 1.76 1.27 2.10 1.63 1.21
Transport and communications 9.56 9.79 9.59 9.12 7.89 7.31
Financial intermediation 6.70 6.62 6.01 4.60 3.59 2.62
Business services 5.88 7.72 9.85 5.57 8.57 10.16
Private health & social services 1.45 2.32 2.63 1.95 2.63 2.99
Other community, social & personal services ~ 4.58 4.60 4.74 4.67 5.40 5.57

Non-Intensive ICT user 63.46 61.67 61.60  69.25 67.71 67.94
Food, drink and tobacco 5.45 3.98 2.84 4.73 4.12 2.96
Textiles, clothing, leather and footwear 3.45 1.91 1.21 4.78 3.15 2.17
Chemicals 3.06 2.44 2.05 1.81 1.46 1.11
Rubber & plastics 1.08 1.02 0.94 0.87 0.90 0.86
Other non-metallic mineral products 2.32 1.89 1.60 1.92 1.71 1.44
Fabricated metal products 5.05 3.76 3.68 4.13 3.40 3.48
Machinery & mechanical equipment 2.11 1.56 1.53 1.79 1.53 1.42
Transport equipment manufacturing 2.07 2.70 2.30 2.92 242 2.07
Wood & products of wood & cork; 2.30 1.72 1.47 3.18 2.82 2.44
Miscellaneous manufacturing
Wholesale & retail trade; Repairs 15.46 15.51 14.27  20.51 21.32 19.99
Hotels & catering 6.40 9.51 9.93 7.45 8.51 8.77
Real estate activities 2.29 2.58 3.08 0.91 0.75 1.19
Private education 1.80 1.92 1.92 2.30 2.38 2.28
Mining and quarrying 0.97 0.55 0.36 1.02 0.50 0.26
Mineral oil refining, coke & nuclear fuel 1.08 0.57 0.43 0.11 0.08 0.06
Construction 8.56 10.05 13.97 10.82 12.65 17.43

Source: INE and own calculations

Secondly, notice that employment followed a similar time pattern in the ICT Intensive
cluster, but with a lower weight in total employment than in value added. In 2004, employment
in this cluster represented 32.06% of the total versus 38.40% in terms of value added. As a
consequence, labour productivity was higher in this cluster. Table 3—4 provides the figures.
Taken together, labour productivity was almost 30% higher in the ICT Intensive cluster in
2004. However, the behaviour of the eight branches included in this group is not homogenous.
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In fact, three of them presented in 2004 lower than averzﬁ productivity levelgge 3-4

shows also the sectors with the lowest productivity lev

in that year, ngdgely, Textiles,

v
clothing, leather and footwear; Wood & products of woad)& cork; and@ Construction 3
industry, the three of them belonging to the Non-ICT intensivg cluster, @, ]

T3-4 Labour productivity ¢, (@
Total market (non-primary) = 100 br _‘\)
| 1985 | 1995 = S0t
TOTAL MARKET (non-primary) 100.00 100.00 100.00
Intensive ICT users 122.46 118.71 129.73
Electricity, gas and water supply 347.90 424.29 698.32
Pulp, paper, printing & publishing 141.67 119.28 130.45
Electric, electronic & optic equipment 61.98 108.13 129.23
Transport and communications 97.17 124.11 144.82
Financial intermediation 188.20 184.23 243.69
Business services 110.12 90.08 97.54
Private health & social services 106.44 87.99 82.08
Other community, social & personal services 99.42 85.09 85.87
Non-Intensive ICT user 90.02 91.08 85.97
Food, drink and tobacco 98.42 96.64 109.70
Textiles, clothing, leather and footwear 54.16 60.68 62.61
Chemicals 141.98 167.17 199.56
Rubber & plastics 113.38 114.34 133.37
Other non-metallic mineral products 90.87 110.30 127.61
Fabricated metal products 104.47 110.60 113.51
Machinery & mechanical equipment 78.77 102.06 122.17
Transport equipment manufacturing 74.80 111.35 118.87
Wood & products of wood & cork; 59.85 61.04 66.82
Miscellaneous manufacturing
Wholesale & retail trade; Repairs 80.90 72.73 70.39
Hotels & catering 121.20 111.76 94.41
Real estate activities 259.89 341.31 216.35
Private education 72.19 80.48 77.01
Mining and quarrying 67.79 110.15 126.17
Mineral oil refining, coke & nuclear fuel 522.36 719.45 653.96
Construction 83.74 79.44 65.53

Source: INE and own calculations

Table 3—5 presents the dynamics of the 26 industries over the analyzed period. It shows
the contribution of each industry —and cluster- to aggregate GVA, employment, and labour
productivity growth . As it can be seen, the ICT Intensive cluster has been the most dynamic
group over the last decade, with a contribution to GVA growth ten points higher than its
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weight in total GVA, and with a similar contribution in tegms of employment.@ a result,
the contribution of this cluster to labour productivity gr(@th in the periogN\995-2004 is _Q_)
remarkable. While the aggregate GVA presented a negative yalue of -0.29% ontribution of 5
the ICT Intensive cluster was positive (0.52), thanks mainly to %é ransport Communication ]

(0.20), Financial Intermediation (0.19) and Electricity, gas an ter sbgPly (0.14). In contrast, Y
the contributions of two of the industries of this cluster (Business Services and Other
community, social and personal services) were negative. Finally, it {gipteresting to notice t ﬁe
the positive contribution to productivity of the ICT Intensive cluster is &ﬁctbl ct)_m&el@a‘&: y

the reduction ( 0.52) shown by the Construction industry. In fact, three industrics concentrate

the responsibility of the Spanish productivity decline: Construction (-0.52); Wholesale &
Retail trade; Repairs (-0.28); and Hotels and Catering (-0.16). If we eliminated their negative
contribution, labour productivity growth would be 0.67%, instead of the actual negative rate

of -0.29% over the period 1995-2004.

The sources of growth

We have considered the two traditional factors of production, labour and capital, but we have
taken into account explicitly differences in their quality.

Capital accumulation

The FBBVA/Ivie dataset allows us to distinguish among 18 different capital assets, three
of which (Software, Communication and Hardware) are ICT assets. Table 3—6 presents these
figures. The rate of accumulation of non-residential capital in Spain was quite strong over
the 1995-2004 period, averaging an annual rate of 5.64%, almost one point higher than in
the previous decade (4.85%). The ICT capital growth rates almost doubled those of total
capital, reaching 9.7% in both sub-periods. Non-ICT capital accumulation was more modest
and stronger in the period 1995-2004 than in the previous one. As expected, ICT capital
accumulation concentrated on the ICT Intensive branches, specifically in Business Services
and Financial Intermediation. In the sub-period 1995-2004 over 68% of total ICT capital
growth originated in the ICT Intensive cluster.

Labour qualification

Spain has experienced a great transformation in labour qualification over the period under
study. Table 3—7 shows that only 20 years ago, 61.30% of the Spanish workers had a level of
education no higher than primary school, and 8.61% were illiterate or had no studies at all . In
2004 these numbers had been reduced to 18.98% and 2.51% respectively. On the opposite side
of the educational range only 7.64% of the workers had a college educational level in 1985.
This percentage had risen to 18.24% in 2004. However, the most radical change took place at
the secondary school level (including professional training) where the rate rose from 31.04%
in 1985 to 62.78% in 2004. As a result of this outstanding change, the proportion of Spanish
workers with at least a secondary school level of education more than doubled, rising from
38.7% in 1985 to 81.02% in 2004.
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Labor productivity. Total Market (non-primaryﬁconomy b 9
Percentages U @ 3
GVA Empleyment _~ &fProductivity (1)}
1985-1995 | 1995-2004 | 1985~ 1995 | 1995%004 | 1985-1995 | 19952004 &9
TOTAL MARKET (non-primary) 2.82 3.69 2.007 (/3.98 0.81 029 @
Intensive ICT users L6 177 079 ks 037 c reos
Electricity, gas and water supply 0.09 0.14 0.00 0.00 ° LO@ 0.14
Pulp, paper, printing & publishing 0.03 0.08 0.04 0.06 -0.01 0.02
Electric, electronic & optic equipment 0.12 0.04 -0.01 0.01 0.13 0.03
Transport and communications 0.37 0.44 0.05 0.24 0.32 0.20
Financial intermediation 0.01 0.21 -0.02 0.01 0.03 0.19
Business services 0.35 0.57 0.45 0.55 -0.10 0.02
Private health & social services 0.07 0.11 0.11 0.15 -0.04 -0.04
Other community, social & personal 0.12 0.19 0.17 0.24 -0.05 -0.04
services
Non-Intensive ICT user 1.66 1.92 1.21 2.73 0.44 -0.81
Food, drink and tobacco 0.06 0.05 0.03 0.01 0.03 0.04
Textiles, clothing, leather and footwear -0.01 0.00 -0.09 0.00 0.08 0.00
Chemicals 0.06 0.06 0.00 0.01 0.07 0.05
Rubber & plastics 0.03 0.05 0.02 0.03 0.01 0.02
Other non-metallic mineral products 0.08 0.06 0.02 0.03 0.06 0.03
Fabricated metal products 0.06 0.16 0.00 0.15 0.06 0.01
Machinery & mechanical equipment 0.07 0.08 0.01 0.05 0.06 0.03
Transport equipment manufacturing 0.12 0.07 0.00 0.05 0.11 0.02
Wood & products of wood & cork; 0.04 0.05 0.02 0.06 0.01 -0.01
Miscellaneous manufacturing
Wholesale & retail trade; Repairs 0.33 0.39 0.50 0.67 -0.17 -0.28
Hotels & catering 0.26 0.21 0.27 0.37 0.00 -0.16
Real estate activities 0.09 0.11 0.00 0.09 0.09 0.02
Private education 0.08 0.05 0.06 0.08 0.02 -0.03
Mining and quarrying 0.00 -0.01 -0.04 -0.01 0.04 0.00
Mineral oil refining, coke & nuclear fuel ~ 0.02 0.00 0.00 0.00 0.02 0.00
Construction 0.36 0.61 0.42 1.13 -0.06 -0.52

Source: INE and own calculations

We have constructed a synthetic index of labour qualification based on the growth rates
of employment in each of the seven levels of education, weighted by their relative wages . The
index improves if the high-educated workers gain weight in total employment, improving the
composition of the labour force towards higher skilled workers. Table 3—8 shows the profiles
of the contributions to the index made by the different educational levels. We see a continuous
improvement of the index over the whole period, intensified after 1995. This is the result
of two complementary elements: a higher rate of employment creation and a simultaneous
improvement in education, particularly at the college level.
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T3-6 Industries contribution to capital services growthQ.Total Market (noimary)

Economy 1)
Percentages U @ 3
Total ICTGdpital  &fNon-ICT Capital (1)}
1985-1995 | 1995-2004 | 1985~ 1995 | 1995%004 | 1985-1995 | 19952004 &9
TOTAL MARKET (non-primary) 485 564 9747 (/9.70 398 466 @
Intensive ICT users 244 279 731 8 151 c 30
Electricity, gas and water supply 0.01 0.17 0.23 0.18 ° -LO? 0.17
Pulp, paper, printing & publishing 0.16 0.12 0.24 0.21 0.15 0.10
Electric, electronic & optic equipment 0.14 0.16 0.38 0.39 0.10 0.10
Transport and communications 0.88 1.08 2.15 2.85 0.65 0.66
Financial intermediation 0.51 0.32 2.55 1.37 0.10 0.07
Business services 0.41 0.53 0.92 0.95 0.32 0.42
Private health & social services 0.04 0.07 0.09 0.17 0.03 0.05
Other community, social & personal 0.29 0.34 0.74 0.50 0.21 0.30
services
Non-Intensive ICT user 2.42 2.85 2.43 3.07 247 2.80
Food, drink and tobacco 0.24 0.31 0.32 0.35 0.15 0.30
Textiles, clothing, leather and footwear 0.06 0.06 0.10 0.12 0.14 0.05
Chemicals 0.07 0.15 0.16 0.20 0.05 0.14
Rubber & plastics 0.06 0.07 0.06 0.08 0.17 0.07
Other non-metallic mineral products 0.16 0.11 0.16 0.15 0.07 0.10
Fabricated metal products 0.15 0.14 0.20 0.21 0.14 0.12
Machinery & mechanical equipment 0.06 0.06 0.10 0.09 0.05 0.05
Transport equipment manufacturing 0.16 0.25 0.14 0.23 0.17 0.25
Wood & products of wood & cork; 0.07 0.08 0.08 0.11 0.07 0.07
Miscellaneous manufacturing
Wholesale & retail trade; Repairs 0.56 0.66 0.69 0.94 0.54 0.60
Hotels & catering 0.20 0.17 0.12 0.11 0.22 0.19
Real estate activities 0.43 0.41 0.10 0.17 0.50 0.47
Private education 0.02 0.04 0.02 0.05 0.02 0.03
Mining and quarrying 0.01 0.03 0.02 0.02 0.00 0.03
Mineral oil refining, coke & nuclear fuel -0.01 0.02 0.03 0.03 -0.02 0.02
Construction 0.19 0.29 0.12 0.21 0.20 0.31

Source: INE and own calculations

It is interesting to note that over the years 1995-2004 the contribution to the labour
qualification index of the ICT Intensive cluster is almost twice as large as that of the Non-
Intensive group (0.89 vs. 0.46). These figures strongly contrast with the contribution of
each cluster to total employment growth, 1.25 the ICT Intensive cluster vs. 2.73 the Non-
ICT Intensive (see table 3—5). The main contributors to the improvement of the labour
qualification index belonged to the ICT Intensive ICT group, standing out Business services
(0.41); Transports & communications (0.12); and Financial intermediation (0.11). We consider
these results of great relevance for the analysis of the ICT contribution to Spanish growth to
which we now turn in the next section.
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T3-7 Employment structure by educational levels. Total Market (non-primar@conomy
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Percentages QJ
1985 \J [ 22004 d

TOTAL MARKET (non-primary) 100.00 06 100.00 /]
Illiterate 86l Q) 48 251 9
Primary Education 52.69 (/ 31.13 1647 @
Secondary Educ. (1st level) 18.42 5,67 30.%05\)(
Secondary Educ. (2nd level) 9.12 0530 | e @G
Professional Training 3.50 13.62 17.83
Tertiary Educ. (1st level) 3.73 5.24 7.46
Tertiary Educ. (2nd level) 3.91 6.32 10.78

Source: INE and own calculations

Growth accounting. 1995-2004

We now have the necessary ingredients to analyze the impact of ICT use on Spanish growth
over the period 1985-2004. We concentrate in this period since it is when Spanish productivity
slowdown took place. The impact of ICT on output and productivity growth can follow several
transmission mechanisms that can be summarized in three different testing hypotheses : 1.
Labour productivity gains are due to capital deepening (ICT and non ICT). 2. TFP gains
should be observed mainly in the ICT producing sector, since this is the sector where most of
the genuine technological progress takes place. 3. ICT using industries could show additional
labour productivity gains arising from spillover effects and/or embodied technical progress.
In our study, the data set does not identify the ICT producing sector of the economy so that
hypothesis 2 cannot be tested yet. However we know from other indicators that the relative
weight of the Spanish ICT production sector is not very large. Consequently, we turn our
attention to hypotheses 1 and 3.

Suppose that the production function is given by

Qt = g (KPt, HLt, KHt, B) (1)

where Qt = real output, KPt = productive capital (a volume index of capital services), HLt=
employment (hours worked), KHt, = human capital (index of labour qualification) and B = the
level of efficiency in the use of productive factors. Standard growth accounting assumptions
allow us to obtain

AlnQ, =w"Aln HL+ W Aln KP*" + w’Aln KP° + ATFP )

th = O.S[Wf + W,{l} for = HL, ICT and O ( = the aggregation of 14 other non-ICT
non residential assets).
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T3-8 Industries contribution to the labour qualification index growth. O

Total Market (non-primary) Economy b i)
Percentages U @ 3
| 19850085 4 19952004 ]

TOTAL MARKET (non-primary) 7696 X 1.35 2]
Intensive ICT users 0.6 0.89 (@

Electricity, gas and water supply 0.02 b' 0.%’ {\)

Pulp, paper, printing & publishing 0.05 ° L 3.

Electric, electronic & optic equipment -0.03 0.03

Transport and communications 0.13 0.12

Financial intermediation 0.14 0.11

Business services 0.21 0.41

Private health & social services 0.13 0.09

Other community, social & personal services -0.02 0.06
Non-Intensive ICT user 0.33 0.46

Food, drink and tobacco -0.07 0.09

Textiles, clothing, leather and footwear 0.01 -0.05

Chemicals -0.02 0.03

Rubber & plastics -0.01 -0.01

Other non-metallic mineral products -0.01 0.01

Fabricated metal products -0.04 0.01

Machinery & mechanical equipment 0.06 0.01

Transport equipment manufacturing 0.01 0.05

Wood & products of wood & cork; Miscellaneous 0.01 0.03

manufacturing

Wholesale & retail trade; Repairs 0.05 0.15

Hotels & catering 0.13 0.05

Real estate activities 0.05 0.02

Private education 0.06 0.03

Mining and quarrying 0.01 0.01

Mineral oil refining, coke & nuclear fuel 0.00 0.01

Construction 0.08 0.00
Source: INE and own calculations
In equation [2] the labour share is defined as

Y.CE,
w =t 3)
C

t

where CEi is labour compensation on the ith sector and TCt is total cost defined as

TC,=XXVCS,,,+XCE,,
joi ” i ’
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The value of capital services is defined as Q O 0
VCS‘it:pjt—l[rt—l_d ﬁt]Kjttl U @b 5
where, in turn, r;, is the price of asset j, f its rate of varigion (c @d as a three year v

centered moving average) r, is the nomlnal interest rate and@ is the depreciation rate of
¢, @
asset j. b- ° C“O
o Le
The share of ICT-capital is defined as

]ll 4
széTzl: TC @

Similarly for the share of non-ICT, non residential capital

Jll
W Jzoz TC, ©

The growth rate of each variable in [2] is computed as a Tornqvist index. Thus, for ICT
capital, its growth rate is defined as

AlnKP*" =InKP“" —InKP"]" = { > >, (nKP, ~InKP,, ;) 6)
j=s,he i
_ VCS]” VCS]”T
where v, =
” Z >ves,,, Z D VCS,,,
j=s,hec i j=s,hec i

With s = software; # = hardware; and ¢ = communications. Finally, the rate of growth of

labour productivity will be given by:
AlnQ-AlnHL =% | AlnKP"" —Aln HL |+ (7)

w? [A InKP° —Aln HL] + ATFP

Table 3—9 shows the aggregate growth accounting results, referring to the last decade. In
the upper part it contains the gross value added decomposition. In the middle part it shows
the decomposition of labour productivity as given by equation [7]. Finally, the bottom part
—containing the contributions of labour qualification and the estimates of 7FP- is shared by
both equations.
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T3-9 Growth Accounting. Total Market (non-primarybEconomy O
Percentages A 2
| 1995\004 | 1995 20@ | 2000-2004 3
1. Real GVA growth (=2+8+16+17) 3.18 (1/]
2. Capital contribution (=3+7) Q Q\l 40 1.12 (%)
3. ICT (=4+5+6) 0.54 0.33
4. Software 0.09 ¢ Lo 007 4%
5. Communications 0.13 0.1 Le @;Iﬁ
6. Hardware 0.23 0.27 0.16
7. Non-ICT 0.89 0.86 0.79
8. Working hours contribution 3.03 3.71 2.29
9. Labor productivity growth (= 10+16+17)  -0.29 -0.69 0.23
10. Contribution of capital endowments per hour worked (=11+15) 0.39 0.30 0.46
11. ICT (=12+13+14) 0.26 0.31 0.19
12. Software 0.04 0.05 0.02
13. Communications 0.04 0.05 0.04
14. Hardware 0.18 0.21 0.13
15. Non-ICT 0.13 -0.01 0.27
16. Labor force qualification 1.03 1.06 1.18
17. TFP -1.71 -2.05 -1.41

Source: Own calculations

Over the period 1995-2004 real GVA grew at an annual rate of 3.69%. It was mainly due
to the strong impulse of employment creation (3.03%), accompanied by improvements in its
qualification (1.03%), as well as in increases in capital endowments (1.34%). TFP contributed
negatively (-1.71%) to output growth.

This result can be interpreted in two ways: i) as a confirmation of the incapacity of Spain
to extract all the benefit from the large improvements in workers’ training and educational
levels and ii) as evidence that —at least apparently- the quality of capital goods has not been
used up by the productive system, showing up as an inefficiency factor. Labour productivity
presented a negative growth rate (-0.29%) again as a consequence of the negative TFP
behaviour, while the improvements in the capital/labour ratio (0.39) and in the qualification
of labour (1.03) were both positive. ICT capital deepening contribution to productivity growth
(0.26) is twofold that of Non ICT capital (0.13). Hardware shows the highest contribution
(0.18), higher even than total Non-ICT capital.

When distinguishing between the two sub-periods it is worth noticing that the negative
sign of labour productivity growth over the whole period was originated in the first sub-
period, 1995-2000. It was then when its growth rate declined sharply to -0.69%. It was the
consequence of both, the worsening of the negative TFP contribution and a severe drop in
Non-ICT capital deepening. Labour productivity shows a less negative pattern over the most
recent sub-period, 2000—-2004. This is the result of the recovery of Non ICT capital deepening
and the reduction of the inefficiencies captured by the TFP term that, though still presenting
a negative contribution, was reduced substantially.
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Table 3—10 shows the factors lying behind the improvement experienced by@?panish
economy since 2000. The recovery is due to the positive beh@iour of the ICT I$¢nsive cluster,
which experienced a labour productivity growth of 1.43%.)Contrarily, ﬂ@ orresponding
rate for the Non ICT Intensive cluster was negative, -0.52%, All sourd@y of growth in the

%
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ICT Intensive cluster contributed positively, even TFP gro (0.0Q‘but specially, labour
qualification (0.74) and capital deepening (0.60) of both, I 0.30) and Non ICT capital
(0.30). In contrast, the Non ICT Intensive cluster experienced a ﬁyj;éive TFP growth 3&@
(1.28%), together with modest increases of the remaining sources of growth. L eC X

Table 3—11 takes a closer look to the data by industry allowing us to conc%de that: 1.
the positive TFP contribution in the ICT Intensive cluster is originated in only two sectors:
Electricity, gas & water supply and Financial Intermediation. The remaining six industries
presented negative TFP contributions. In the Non ICT Intensive cluster, all branches presented
negative TFP contributions with only one exception, Fabricated metal products. 2. This latter
industry, together with Financial Intermediation, were the only branches showing negative
contributions of the labour quality index; 3. Total capital deepening was particularly intense
in two industries belonging to the ICT Intensive cluster, Electricity, gas & water supply, and
Electric, Electronic and optic equipment; and it was negative in only two branches belonging
to the Non-ICT intensive group, Fabricated metal products and Real Estate Activities. Finally,
Financial Intermediation was, by far, the industry showing the highest contribution of ICT
capital deepening to labour productivity growth.

T3-10 Growth Accounting. Total Market (non-primary) Economy. 2000-2004

Percentages
Total Intensive ICT | Non-Intensive
users ICT users
1. Real GVA growth (=2+8+16+17) 3.18 4.43 2.40
2. Capital contribution (=3+7) 1.12 1.42 0.92
3. ICT (=4+5+6) 0.33 0.57 0.17
4. Software 0.07 0.17 0.00
5. Communications 0.10 0.19 0.04
6. Hardware 0.16 0.22 0.12
7. Non-ICT 0.79 0.85 0.76
8. Working hours contribution 2.29 2.18 2.36
9. Labor productivity growth (= 10+16+17) 0.23 1.43 -0.52
10. Contribution of capital endowments per hour worked (=11+15) 0.46 0.60 0.37
11.ICT (=12+13+14) 0.19 0.30 0.11
12. Software 0.02 0.08 -0.01
13. Communications 0.04 0.06 0.02
14. Hardware 0.13 0.17 0.11
15. Non-ICT 0.27 0.30 0.25
16. Labor force qualification 1.18 0.74 0.39
17. TFP -1.41 0.09 -1.28

Source: Own calculations
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T3-11 Growth Accounting. 2000-2004. Labor Productivity O
Percentages A QJ
Capital deep@g per hour worked@v J
LIRS W, Yo f _ v
z . N 8
2 e G |8 | 5 |22 2
25|z |z | 2 |c8) 2| & |£5] ax?
SEl & S 3 | S8 V z |35 (é

. 3 Pl
TOTAL MARKET (non-primary) 148 121 0.02 0.04 013 0279 -1.41

0.30 0.08 0.06 0.17 030 0.74 0.09
238 0.19 0.07 0.03 0.09 220 0.66 1.29

Intensive ICT users

=2
TS O Y
Ew W
o
=
S

Electricity, gas and water supply

Pulp, paper, printing & publishing 1.47 029 022 -0.05 0.09 0.17 0.07 2.88 -1.70
Electric, electronic & optic equipment ~ 2.59 244 0.62 0.11 0.12 039 1.82 1.82 -1.68
Transport and communications 0.67 083 044 0.12 0.19 0.12 039 0.44 -0.59
Financial intermediation 506 140 121 0.86 0.01 034 0.19 -040 4.07
Business services 1.68 029 0.06 -0.14 0.04 0.16 023 3.81 -2.41
Private health & social services -0.01 032 0.25 0.01 0.00 0.23 0.07 2.05 -2.38
Other community, social & personal 0.58 0.62 0.03 -0.09 -0.03 0.16 0.58 1.30 -1.33
services

Non-Intensive ICT user -0.52 0.37 0.11 -0.01 0.02 0.11 0.25 0.39 -1.28
Food, drink and tobacco 1.85 203 033 0.01 0.10 022 1.70 1.84 -2.03
Textiles, clothing, leather and footwear -0.17 1.51 035 0.05 0.11 0.19 1.16 1.07 -2.75
Chemicals 3.03 1.71 0.34 0.05 0.09 020 137 2.03 -0.71
Rubber & plastics 234 1.17 025 0.00 0.08 0.17 092 1.65 -0.48
Other non-metallic mineral products 1.56 1.51 031 0.05 0.12 0.13 1.20 2.14 -2.09
Fabricated metal products 0.69 -0.19 0.11 -0.01 0.02 0.09 -030 -0.19 1.07

Machinery & mechanical equipment 1.77 0.66 0.16 0.01 0.05 0.10 0.50 1.29 -0.18
Transport equipment manufacturing 022 227 029 0.00 0.10 0.19 198 2.59 -4.64

Wood & products of wood & cork; 021 1.07 027 0.03 0.09 0.16 0.80 1.26 -2.13
Miscellaneous manufacturing

Wholesale & retail trade; Repairs -1.02 044 0.15 -0.02 0.02 0.15 0.29 0.64 -2.10
Hotels & catering -2.27 0.03 0.00 -0.02 0.01 0.02 0.03 048 -2.78
Real estate activities -3.08 -1.63 0.06 -0.10 0.02 0.13 -1.69 0.57 -2.03
Private education -0.95 0.30 0.10 0.01 0.00 0.08 0.20 0.17 -1.42
Mining and quarrying 297 275 020 -0.01 0.18 0.03 2.55 0.29 -0.07
Mineral oil refining, coke & nuclear fuel -3.66 0.78 0.43 0.10 0.29 0.04 035 4.39 -8.83
Construction -0.66 0.09 0.06 0.00 0.00 0.06 0.03 0.76 -1.52

Source: own calculations

Probably the most remarkable result of the Spanish experience in recent years is the
negative contribution of TFP to economic growth. A first potential answer to this fact
could be associated with measurement problems, almost always present in this type of
exercises. But there are some additional factors that can explain why the full benefits on
TFP of using ICT are not observable as yet in Spain -as well as in some other EU countries.
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A short list would contain the following items: 1. Small presence of ICT produ@ sectors;
2. Relative small share of ICT investment on total investn‘@t (this ratio w}%wer in Spain _Q_)
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in 2000 than in the US in 1980. Additionally, while in 0 this share over 30% in
the US, it barely reached 15% in Spain. 3. Low penetration of ICT 48s¢ets (in 2004, the
number of personal computers per capita was 0.27 in Sp§s agai .74 in the US and
0.46 in the EU); 4. Very poor technical formation and trainh (in 2003, over 70% of the
Spanish population declared that they could not use technologica();g;ruments/equipme LY
and over 60% computers. For the EU, the corresponding percentageS wgre;50% @d(. Yo
respectively); 5. Low use of ICT at schools (in 2002 only 70% of the Spanis sgools used
Internet for educational purposes while in the EU the percentage was 80%, and in Finland,
Sweden and Denmark 100%). 6. Higher cost of ICT (the access cost to Internet in Spain
doubles that of the US).

<

Concluding remarks

Thanks to the new series on capital services by assets we have been able to analyze the
growth patterns of Spain over the 1995-2004 period, distinguishing the contributions of ICT
and non ICT capital, as well as their components. The results at the macro level are derived
from the aggregation of the twenty six branches belonging to the market economy - excluding
primary sectors- and the two categories in which these have been grouped according to their
intensity in the use of ICT assets.

The lack of data has not allowed us to analyze the direct impact of the ICT production
sector. From other studies we know that this mechanism has been found very relevant in
countries that have a large ICT production sector. This is not the case of Spain. Consequently,
we have limited the study to the impact of ICT on aggregate growth and productivity through
the numerous sectors that use, but not produce, ICT capital. In this sense, we consider Spain
more an ICT user than an ICT producer country, although neither should it be regarded as a
very intensive user country.

Productivity has become a major issue in Spain mainly because it has shown a negative
growth rate during the period 1995-2004. However, this rate has become slightly positive
over the period 20002004 after a sharp drop experienced in the previous five years. The
driver of this upturn must be found in the ICT Intensive cluster. This group has been the
most dynamic one in terms of output, employment, capital deepening —ICT in particular—
and labour quality improvements. Its contribution to growth has been always higher than its
share in the economy. However, there exists an important degree of heterogeneity among the
different industries included in the ICT cluster. In fact, a given industry cannot be considered
all the time the most dynamic one since the ranking changes from period to period.

Over the period 1995-2004 the main engines of labour productivity growth were the
improvements in labour qualification and capital deepening, particularly ICT capital, whereas
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the contribution of TFP —computed as a residual- was negative. The severe dr@n labour
productivity during the years 1995-2000 was motivated byda deterioration g TFP growth,
together with a negative contribution of Non ICT capital deepgnjng. The mod turn of labour
productivity in the last sub-period, 2000-2004, had its origin \%@ ICT If®nsive user cluster,

which presented an annual growth rate of 1.43% against -052% fo Non ICT Intensive
cluster. All the sources of growth contributed to this recovery, ineliding TFP. However, a closer
look into individual branches informed us that only two industries €Electricity, gas and w. \5&
supply and Financial Intermediation- were to be acknowledged for suc ecgve y.

The main conclusion that we reach in this study is that, in Spain, the &esumably
beneficial) full effects of ICT capital on total factor productivity growth are not observable as
yet. A late start —as illustrated by the evidence provided in the previous section— is probably
one of the main reasons for not finding yet clear evidence of a productivity pick up induced
by ICT technologies. Also some structural features —like the country’s productive structure
or its low starting level of labour qualification— can explain this delay in experiencing the
positive effects on productivity of a strong ICT technology push. Last, but not least, the
reason explaining the poor behaviour not only of Spain but also of most of the EU non ICT
producing countries can most probably be found in measurement problems.

<
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Introduction

During the past 15 years, the Swiss economy faced sluggish growth and a rise of its
unemployment rate. While still low compared to other countries the rise of unemployment
triggered political discussions about the relative competitiveness of the Swiss economy.
Much attention was then devoted to measurement issues of labor productivity. This focus
on labor productivity partly resulted from a lack of data on capital stocks and multifactor
productivity (MFP). Another factor was the lack of experience of countries like Switzerland
regarding measurement issues and interpretation of results of capital stocks and MFP. In
this context, the Organisation for Co-operation and Development (OECD) was a key driver
when it published two manuals® describing the concept and measurement of capital services
and their relation to the measures of gross capital stock. The Swiss Federal Statistical Office
(SFSO) relied of this new conceptual framework and started work on experimental series of
capital stocks, capital services and MFP. The intent was twofold:
* To have new information on the stock of capital assets which could be used in parallel to
the stock of financial assets which the SFSO recently developed in cooperation with the
Swiss National Bank (SNB);

* To provide a new analytical framework where contributions of capital input and labor
input could be associated with the evolution of MFP.

The work of the SFSO was constrained by three factors:

»  First, no additional surveys could be carried out specifically for this field of study. Swiss
enterprises have a feeling that the statistical burden is already high enough, and any new
analytical output thus has to rely on existing data.

e Second, a central concern was the coherence with the central data framework of the Swiss
National Accounts (N.A). By sticking to the central framework of N.A, international
comparability should be guaranteed to a great extent.

* Third, work carried out in Switzerland ought to integrate conceptual developments
carried out since the publication of the OECD manuals in 2001. In particular, it should
draw upon discussions on “best practices” for the rate of return and for the age-efficiency
and age-price profiles of capital goods.

% OECD (2001a) and OECD (2001b).
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*  The conceptual framework of the OECD was an invaluable help during the W process.
Work started in 2005 with the first estimate of the capii@stock based on inputs. The _Q_)
results had to be set in a more general context and some¢ new questionsRe the choice of
the depreciation profile became more prominent. Step by step the te@n in charge of the
project worked its way through new concepts and measﬁ% ment es. The constraints
mentioned above limited the spectrum of technical possibNities, but outcomes are sound
and coherent with the central framework of N.A. Just before@he OECD workshop, Efe
SFSO published a whole data set on contributions of capital andEBor.ing;tEo& ,
and rates of change of MFP with various subcomponents, for the period 1 02004.
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This paper provides an overview of the concepts and methods underlying capital stock
measures in Switzerland (second chapter), capital services (third chapter) and MPF profiles
(fourth chapter). A final chapter discusses some of the consequences of the options chosen.

Capital stock measures

Definition

The capital stock encompasses all produced assets which are included in the production
process. For analytical purposes, it is useful to define various kinds of assets.

Based on the System of National Accounts (SNA 1995), the typology of assets relies
on two criteria. The first criterion is the distinction between produced and non-produced
fixed assets®. A produced fixed asset is defined as a result of a production process. Thus, it
is possible to differentiate for instance a building from an oil field. The second criterion is
the tangibility of the fixed asset. For example, the tangible asset category contains aircrafts
whereas computer software is assigned to the category of intangible assets.

Data availability in Switzerland was cross-checked on the basis of this pattern. The result
was encouraging: data was available both on tangible fixed assets and on computer software.
These various categories are certainly the most dynamic for an economy like Switzerland and
represent approximately two thirds of the capital accounts of partner economies. Therefore,
the existing information already covers a broad range of assets. A preliminary cost-benefit
analysis indicated that additional information would be associated with a heavy burden
on responders. Consequently no additional surveys were carried out. The capital stock of
Switzerland therefore covers both tangible fixed assets and computer software. The various
categories of assets covered in Switzerland are listed in Annex 1.

Before turning to the methodology used, a point must be made here: in Switzerland, gross
fixed capital formations (GFCF) is based on a product-oriented approach. It thus provides no
information regarding the industry or sector which is at the origin of the purchase. In other
words, figures on GFCF in software represent the overall amount of purchased software of
the Swiss economy. It gives no information on the amount spent for example by the software
industry itself. This characteristic tends to preclude for the time being sector measures of
capital stock.

% For further details, see SNA95, §10.6ss.
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In accordance with the OECD 2001 manual, gross capital stock (GC@is valued at =
“replacement cost”, that is according to current market ;&u'ies for a n sset. It is then J
expressed at constant prices by using deflators based on yeag2000. g\ /]
There are several methods to calculate the GCS. The perpgtual inventory method (PIM)
was chosen for two main reasons. On the one hand, Switzer an(%!currently has no officialg,
estimation for a capital stock. Thus, any construct has to rely on da FCF. In this cg@@x
the PIM provides a reliable solution. On the other hand, many countries®hate sac€essfully
implemented this method. Its use in Switzerland would thus produce results which ought to
be fully compatible from a methodological point of view with those of other OECD members.
The PIM method builds up a cumulative stock of assets from past investments. It can be
expressed as follows:

L

GCS,= ) GFCF,_g; M
=0

Where:

t is time (in year)

GFCF,, is gross fixed capital formation in year 7/,

g, is the part of gross fixed capital formation of a fixed year in activity after j years,

Lis equal to 2 * lifetime (in year) of the fixed asset.

The part of gross fixed capital formation (g ) which is still active after j years is calculated with
mortality and survival functions. Various den51ty functions can be used to estimate mortality
functions. A bell-shaped distribution estimated by a log-normal density function was chosen
in Switzerland, owing to the fact that this type of distribution function is commonly used in
this field. Besides, only a very limited number of assumptions (in particular on the flatness
of the distribution curve) have to be made to compute mortality curves. Thus, the density
function reads as follows:

flx)= . F—exp( (Inx—p)*/267) @

where:
x=years 1,2, ..., L
o = standard deviation computed as:

1
= ,l 1+ ) 3
o n( A /s)z ( )

= log-normal distribution mean computed as:

= In(m) - 0.56° @)

m = estimated average lifetime of the fixed asset
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s controls the flatness of the distribution curve. s 1s fixed between m/2 and m/O}iven the
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fact that no data was available in Switzerland in order to e@nate the real cuﬁ of mortality 9
function, a value of s=m/3 was arbitrarily chosen for every@pe of fixed asgy! 6. 5
. | W ¢ v
Thus, the survival function can be expressed as: O Q‘ Y
t
11 2,52 7/
=1- —exp(~(Inx - p)* /26%)d
g(x) Icanexp(("x w? /267 )dx (/ly ’(.‘550

t-L ° e C
where the amount of assets still in uses for the year t-i (i<L) corresponds to the GFCF made
in year t-L minus the sum of all assets which were withdrawn from the process of production

during the period [t-L ; t-i].

Time series and data availability

While there are numerous advantages to use the PIM, a main drawback is the issue of the
length of time series. Actually, the PIM requires historical data for a period which is twice
as long as the lifetime of the various fixed assets. This is linked to the fact that all assets of
a given category are not discarded at the same time. For example, cars with an estimated
lifetime of 10 years do not stop to be operational at the same time during their 10" year. Some
cars are discarded earlier, some later. By doubling the lifetime taken into account, one can
reasonably make the assumption that all assets are then discarded in the capital account.

In Switzerland, no surveys were ever made on lifetimes of assets. Thus, National
accounts made estimates based on the experiences of various partner countries. Annex 1
gives lifetimes currently used in N.A in Switzerland. Annex 2 confronts the information
needs in terms of time series with the data currently available in N.A. For some activities,
the information is sufficient (software, industrial crops, etc.) while for others there is a lack of
data. The most important deficit is for GFCF in construction®’, where data goes back to 1948
only while data is needed up to 1890. Consequently, a back-calculation based on a log linear
regression model in first difference was implemented.

To back-calculate gross fixed capital formation in construction (GFCFONSTR) the
assumption is made that there is a relationship between the evolution of Gross Domestic
Product (GDP) and GFCFCONTR This relation is sufficiently strong to express the GFCFCONSTR
evolution with the evolution of GDP, adjusted with an elasticity rate®®.

Given that:

% The same criteria as those taken by the National Bank of Belgium (BNB, 2002) were chosen.

7 An important point must be made here. In Switzerland, “Dwellings” and “Other buildings and structure”
are included into the “Construction” category. This point thus differs from the OECD practice, but it is
tolerated by the OECD manual « Measuring productivity ». The fact that this distinction is not made in
Switzerland is linked to the unavailability of necessary data for back-calculation.

8 In order to make this assumption, a correlation test between GFCFCONSTR and GDP (p=.97) was
implemented. Besides, an augmented Dickey-Fuller test (ADF) was also used to verify the stationary of
GDP and GFCFCONSTR time series. Results reject for both time series the time-invariant hypothesis.
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GDP.—GDP,, .

AGDP =
GDP,

and

7
R _ GFCFCONSTR _ GRCRCPNSTR Q‘
“y

CONST
AGFCF, GFCFtC(l)NSTR

where:
GDP = Gross domestic product for the year t.
GFCF “o%™ = Gross fixed capital formation in construction for the year t.

W€ can €xXpress our assumption as:

AGFCFLONSTR _ (CONSTRAGDP,

CONSTR _ o .
where €Grcr s the elasticity between GDP and GFCFCONSTR evolution.

CONSTR
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Grcr - can be estimated with a simple log linear regression model in first difference. Thus,

the model is expressed as:

GFCF CONSTR ] . . GDP
08| ——— o | =B + B log : ®)
(GFC coveme EEE /)
where
R ~ CONSTR
P, = gcrer )
T4-1 Back-calculation of construction (Regression model results)
Variable | Coefficient Std. dev. | T-statistics | P-value
Constant -0.022 0.008 -2.923 0.005
GDP 2.063 0.203 10.158 0.000
R2=10.674 F-statistic Prob. = 0.000
Source: FSO
ACONSTR
Model (8) is significant with a p-value < .00 and one gets sGrcr  =2.063
With (7), (8) and (9) one can proceed to the back-calculation with
1
CONSTR CONSTR
GFCE - ~ CONSTR *GICF, (10)

1+ (e6rcr *AGDP)
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Hence with (10), the official GFCF for construction can be_back-calculated by @lying the
average evolution rate from the oldest available data of th&ﬁcial time serie&that is to say
1948). Then, step by step, data is computed back up to 189Q°

Back-calculation is also needed for a number of other fixed assets aeo,gicial data series
often go back only to 1971. However the situation here i$ better for investment in
construction. As a matter of fact, before Swiss N.A revised t figures in 1997 due to the
introduction of the European System of Accounts of 1978 (ESA 78)Jong time series had beeg
set up in the pre-ESA 78 system. These series went back to 1948. ThE@ Igng tim segiﬁs re
the only series available in Switzerland for back-calculation and, given the factlﬂ’na%here were
only minor methodological changes for non financial assets linked to the implementation of
ESAT7S, these series were used to construct the capital stock. Thus, for the period 1948-1970,
the average evolution rates of the various fixed assets of the old time series are assumed to be
equal to the average evolution rates of the fixed assets equipment goods of the official time
series.
That is to say:
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EQUIP;OFF _ EQUIP;OFF 1 (
GFCFQ =GFCF; * 11)
i,t-1 it 1+AGFCFiEtQUlP;OLD

where:

GFCF[QUPOE = Total gross fixed capital formation for equipment goods i of the current
official time series for year t.

GFCF[RUPOLP = Total gross fixed capital formation for equipment goods i of the pre ESA 78
time series for year t,

and

GFCFiEtQUIP;OLD _ GFCFiEt(_)}JIP;OLD

EQUIP;OLD
AGFCF, = (12)
it GFC FiE‘;(EIUIP;OLD

Thus with (11), official GFCF for equipment goods can be calculated by applying the
average evolution rate of every type of fixed assets from the pre-ESA 78 data to the last
available time series (that is to say 1971, see Annex 2). Then, step by step, data is computed
back up to 1950 for the various types of assets.

Main findings

With the help of the PIM, the various types of fixed assets were aggregated and the Swiss
capital stock was calculated for the period 1991-2004.

¢ Historical GDP time series come from Andrist, Anderson and Williams (2000).
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T4-2 Swiss capital stock, in million CHF, at constant prices (reference yea@ﬂ 0)

N
Years | Agricultural assets | Equipment goods | Software = Construction btal 2
1990 3,803 467,322 7,815 1,073,253®rb 1,552,193 J
1991 3,813 483,306 8,020 \)} 1,109% 1,604,361 /]
1992 3,790 492,124 8,032 ,144,360 1,648,295 v
1993 3,757 498,342 7,973 ,178,547 1,688,619
1994 3,762 505,503 8,231 1,%5%2 1,732,727\)(
1995 3,735 517,018 8,877 1,249,725 o Ll @ﬁ
1996 3,738 528,715 9,875 1,280,822 1,823,150
1997 3,708 541,025 11,407 1,310,698 1,866,838
1998 3,705 556,122 13,985 1,340,373 1,914,186
1999 3,676 572,026 17,095 1,367,929 1,960,725
2000 3,657 589,943 19,421 1,395,931 2,008,952
2001 3,658 604,667 21,582 1,421,917 2,051,824
2002 3,647 616,339 24,343 1,448,099 2,092,429
2003 3,591 625,439 26,291 1,474,344 2,129,665
2004 3,567 635,441 28,504 1,501,591 2,169,102
Source: FSO

Table 42 shows that fixed assets in construction and equipment goods are by far the most
dynamic part of the capital stock, construction” being the dominant asset (two thirds of the
Swiss capital stock). Conversely agricultural assets are marginal with a relative part of 0.2%
of total capital stock. Annex 3 gives more details for results by asset categories.

Capital services

Definition

The next step on the road to multi-factor productivity is the calculation of capital services. The
stock cannot be used as such for the analysis of productivity. This is linked to the underlying
assumptions of the stock. By construction, the stock is the sum of the flows of investments
corrected by the removal of discarded capital goods. The implicit assumption is that an
asset’s productive capacity remains fully intact until the end of its service life (Schreyer and
Pilat; 2001). In the real world, past vintages of capital goods are less efficient than new ones.
Therefore, assumptions have to be made to convert the capital stock into these capital services.

Here, two options can be used. As mentioned in Schreyer, Diewert and Harrison (2005),
there are two alternative ways of computing capital services. The first way is to start out with
the choice of depreciation parameters and from there, to develop quantity measure of capital
services by moving from age-price to age-efficiency function. The second way is to directly
compute quantity of capital services with the help of an age-efficiency function.

" As mentioned in footnote 65, construction figures include dwellings. Thus caution is needed when Swiss

findings are compared with other countries results.
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In Switzerland, the second option was used with the implementation of an a@ﬁciency
function. This function captures capital services of fixed asdets, as it indicates tig development

88 - 4. MULTI-FACTOR PRODUCTIVITY MEASUREMENT 1 6

of the productive capacity of assets over their service lives CD; 2005a) ther words, it
captures the relative marginal productivity of two vintages of the same ty§&oT assets, and thus
reflects the loss in productivity due to wear and tear and/or t ical lescence (Schreyer,

Bignon and Dupont; 2003). With the help of age-efficiency profike, assets of various vintages

can be aggregated by transforming the latter into standard efficiefigy units. These COHCSR‘EG@
are further developed in the next chapter. e | eC X
Methodology

Age-efficiency and age-price functions

Various kinds of age-efficiency functions are available. The SFSO chose a double-
declining truncated geometric function” for three reasons: i) geometric functions are
widely used by OECD member states, and Swiss results would thus be comparable to those of
other countries; ii) geometric patterns are very convenient to use; iii) the geometric function
takes into account the age-price profile and thus no further developments are needed to
describe the relative price of different vintages of the same asset at a given point in time. In
line with international recommendations, no explicit retirement function was formulated due
to the fact that geometric functions capture both the effects of wear and tear and retirement.

With the help of the age-efficiency profile determining the efficiency decline, the
productive stock of fixed asset i (S;') can be expressed as:

S'=3(1-5'Y GFCF!, 13)
=0

where &' is the anticipated rate of efficiency decline and GFCF‘t_j the quantity of investment
in new assets of type i in year t-j’2.

User costs

The next issue to consider is the price of renting one unit of the productive stock for one period.
If there were complete markets for capital services, rental prices could be directly observed.
Some rental prices exist of course, but the most common case is that of capital goods which
are owned and used by the same persons. In that case, rental prices have to be imputed. The
implicit rent that capital good owners “pay” themselves gives rise to the terminology “user
costs of capital”. These costs are also needed to aggregate the different kinds of fixed assets.
According to OECD (2001b) and Schreyer, Diewert and Harrison (2005), user costs (u,") are
estimated by:

' Function is truncated when efficiency rate is <.10.

Implicitly we admit two important assumptions: 1) a perfect substitutability between different vintages, and
2) proportionality between the flow of capital services and the productive stock. Non respect of these two
assumptions will not be discussed in this paper.
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U, =user cost for the period t, of the fixed asset i; (2000210% (2]
P;’t = Price index of the fixed asset i (2000 = 100); & '>' O’(@

¢ Lect

u(i)’t = net rate of return;
u;"t = Depreciation rate (geometric, double declining balance”),

u;’t = price variation of the fixed asset i between periods t and t-1;

u;’t = Inflation rate of the Swiss economy for the period t;

u;’t represents a holding gain/loss.

The term in the largest bracket constitutes the gross rate of return that one franc invested in
the purchase of capital good i must yield in a competitive market. The gross rate of return
itself comprises three terms:

+ A rate of depreciation (O o ) Which materializes the loss in market value of a capital good
due to ageing.

* A revaluation term, or capital gain/loss term (Api’t - co‘) . Here the price evolution
of a given asset is benchmarked against the general evolution of prices as given by the
Consumer price index (CPI). Because the revaluation term enters into the user cost
expression with a negative sign, a fall in asset prices raises user costs, mirroring the fact
that there is an opportunity cost which arises from the loss of value of a given asset. For
example, rental prices for personal computers have to take into account the fall in market
prices and the ensuing loss in value of the computers which are in use.

* A net rate of return which is the expected remaining remuneration for the capital owner
once depreciation and asset price changes have been taken into account.

*  The choice of r is a matter of importance: the value of the user cost term determines the
value of capital services of asset i as well as the overall remuneration of capital. This issue
is dealt with in the next chapter while the question of holding gains and losses is treated
below.

3 Even if double declining balance could be debatable (see Fraumeni, 1997), this method is widely used by
other members of OECD.
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Interest rate O
O S v
Basically there are two major options for the rate of return -5
1. Set the rate of return so that the resulting value of cap ‘ésemces @a,gly exhausts the v
value of non-labor income (that is gross operating surp

whi computed in N.A. v
This endogenous rate of return is thus fully consistent with the framework of the N.A.
Its drawback is that it builds on a number of assumptions un@gﬁlnmg the underlying
model which can be questioned. For example one assumes perfe@’cogp 1t10ndaﬁ al
expectations of actors and constant rates of return. The fact that these ass pﬁons do not
meet with unanimous support tends to indicate that the endogenous rate of return is not
the best option.

2. Choose an external rate of return. A common option is to take market interest rates as a
proxy. This exogenous rate of interest thus mirrors conditions on markets and has strong
links with the financial framework in which firms operate. While no extra assumptions
are needed here, the resulting values of capital services do not necessarily add up to gross
operating surplus and this may complicate growth accounting exercises. Besides, an
important drawback is the difficulty to find interest rates which incorporate a risk premium
which is consistent with the rate of return approach. As a matter of fact, in Switzerland,
long-time series of interest rates are available only for government bonds. These are
considered as risk-free by most analysts and are thus not a good choice for the rate of return.
Calculations were nevertheless carried out in Switzerland for both options. For the period
1991-2004, the endogenous rate of return is 2.4% while the exogenous rate turns out to
be 4.4%. These values can be considered as being the minimum and maximum for the
estimate. In this context the SFSO decided to take an average of both rates as a proxy
for the rate of return. The latter therefore is valued at 3.4% and held constant during the
whole period. This treatment means that the rate of return is an ex-ante rate, which is
coherent with the conceptual framework chosen here.

Holding gains/losses

As indicated above, holding gains tend to lower the user cost while holding losses raise that
cost. A holding gain appears when the price of the underlying asset rises more than the
general rate of inflation, and conversely for a capital loss. For the analysis, the difficulty arises
when large price changes occur which may have a significant impact on the user cost. In some
cases, the holding gain could be such that it compensates totally not only the acquisition
price, but also the interest rate and the rate of depreciation. In such an extreme case, given
the negative sign in front of the bracket term, the user cost would be negative, which is quite
a challenging result for the analyst.

The possibility of having such a negative outcome cannot be readily discarded. To cope with
such a situation, the following assumption is adopted: an investor will estimate an expected
holding gain/loss in accordance with results of previous years. In order to reproduce the investor
behavior, a simple linear regression model is used with as dependant variable the ex post holding

gain/loss Api’t —®') observed between 1980 and 2004 and time as independent variable.
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If the model shows a significant trend, fitted values are used in equation (14) to @mate the
expected (ex ante) holding gain/loss. 4 contrario, if the re@t of the regressigy model is not 2
significant, the mean of ex post holding gain/loss of the per@ 1980-2004 i puted and is 5
applied for every year. In that way, this mean neutralizes the potential prigd volatility of asset ]

categories. In both situations (that is, results of the linear regfégsion é’del and results of the
mean), the values obtained are held constant during the whole ;@iod 1991-2004. This ex-ante
approach should avoid the possibility of having to cope with negative ﬁgegosts in a specific }(eﬁﬁ

o Lect

T 4-3 Holding gains/losses: Results of simple linear regression model

<

Dependant variable | Bl | P-value
Fabricated metal products -0.006463 0.9799
Machinery and equipments -0.039935 0.5376
Office machinery and computers -0.422520 0.0004**
Electrical machinery and apparatus -0.096855 0.2126
Radio, television and comm. equip. and apparatus -0.280197 0.0009**
Medical, precision and optical instruments, watches -0.129231 0.1190
Motor vehicles, trailers and semi-trailers -0.056233 0.3769
Other transport equipment 0.057169 0.5986
Construction 0.006671 0.9288
Informatics -0.235699 0.0497*
*: significant at 95%-level **: significant at 99%-level

Source: FSO

Capital services index

Once standard efficiency units and user costs are computed, it is possible to calculate the
overall capital services index. Cost shares are important in this context, as they are used as
weights to aggregate services from the different types of assets. Given the fact that user costs
shares reflect the relative marginal productivity of the different assets, these weights provide a
means to effectively incorporate differences in the productive contribution of heterogeneous
investments into the overall measure of capital input. The theoretically recommended index
is the Tornqvist index which applies average users cost weights to each asset’s rate of change
in capital services. The index is computed by:

S u's! u' S S!
Inj —|= % : it ot Hi t7]i ln[ it j (15)
[sllj LA us  Sus IME

i i

Where,
S§'=amount of capital service of fixed asset i at year t, and S , = Z S tl u, = user cost of fixed
asset i at year t, i
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a
Numerous papers of research have already discussed the, theoretical frap&Q)rk of multi-
factor productivity (MFP) (for instance: Schreyer, 2001; O , 2001b). E&IT supplementary
information is provided on inputs used, which in turn are bas€d on t ethodology applied v
in the OECD Compendium of productivity indicators (OECD,@OSb). o

&
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Output is measured as GDP at constant prices’™ for the entire Swiss economy. Year-to-year

change is given by

1
GDP,
t-1

GDP ]
Labor input is measured as total hours actually worked in the entire economy. Year-to-year

change is given by h{LLtj
-1

To measure the remuneration of labor input, the average remuneration per employee is

multiplied by the total number of persons employed. This adjustment is needed in order to

include self-employed persons whose income is logically not a part of the compensation of

employees (OECD, 2005b).

Thus, the remuneration of labor input is expressed as:

wiLi = (COMP )E (16)
EE,

Where,

wil, = Total remuneration of labor input (employees + self-employed) in period t ;

COMP, = Compensation of employees for period t;

EE, = Number of employees in period t ;

2 = Total number employed (employees + self-employed) in period t.

No information is available in Switzerland about £, for a whole year. As a proxy, the
split of £, between EE, and self-employed persons is used. This split is only available for the
middle of the second quarter of a given year. An assumption is therefore made that the relative
part of self-employed persons at the middle of the second quarter for year t is equal to the
average relative part of self-employed persons for the year t.

Data on remuneration of employees are computed by national accounts™ and employment
statistics (ES) are provided by the Swiss labor force survey (SFSO, 2004).

74

At prices of preceding year, base year = 2000.
S Data are available in SFSO (2005).

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008



it E g,
4. MU{;@ACTOR PRODUCTIVITY ME(@}EMENT— 93
K 2
© N .
Using the same methodology (OECD, 2005b), the rate of change of t0t®nputs is
computed as a weighted average of the rate of change of la@ and capital ilg&The weights

of each input are their respective shares in total cost of inpu@. Here again, rnqvist index 5
is used to evaluate the rate of change:

N L g7 2
h{X‘ J:;(s[ +s”)1n(L‘ J+;(st +s”)1n(st ] O (17,

t-1 t-1 t-1 (/ <
Where share of labor input in costs is estimate by: b e | e C“O
g Lo_ w L A ‘ (18)

' wL z u ;S tl

and share of capital input in costs is given by:
Z u t[ S ti
s .
s = : —— 19
! w L+ Z u ;S tl ( )

i

MFP estimation

MFP is measured as the difference between output and input contributions.

1..[ PMF, ]1[ GDP, ].[L] 20)
PMF,_, GDP,_, X

A measure of MFP of the Swiss economy can therefore be calculated for the period 1992—
2004:

Further details are available in the annex 4.

International Comparison of MFP

Before turning to the international comparison, a point made before can be reiterated here.
Although the methodology used in this document is compatible with international practice,
there are small differences with the OECD practice for estimating capital services. The
OECD excludes dwellings from its estimates while this exclusion is not made in Switzerland
due to the unavailability of data for the back-calculation model. This being said, the results
for Switzerland are benchmarked with data of other members of OECD in graph 4—1, which
compares growth rates of MFP:

In comparison with other OECD members, the evolution of MFP for Switzerland is
obviously quite weak (0.5% for Switzerland versus 1.1% on average for the whole OECD
members). This is particularly true for the period 1991-1996 when the Swiss economy had
a really weak growth rate with 0.4% versus 1.1% for OECD. During the period 1996-2000,
the situation does not improve with an annual average growth rate of 0.5%, whereas the

7 Total cost of inputs is given by: Ct= wtLt+ Y u'isi
i
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T4-4 Evolution of the MFP of the
Swiss economy

c D
ot~ 8
o
Qule

Years MEFP @

1992 0.2% Q~

1993 0.2% 7
1994 0.1% 7/
1995 0.5% ¢ b \)(
1996 1.0% ) L e C“'
1997 1.6%

1998 0.5%

1999 -1.1%

2000 2.2%

2001 0.9%

2002 0.1%

2003 -0.8%

2004 0.3%

1991-1996 0.4%

1996-2000 0.8%

2000-2003 0.1%

1991-2004 0.4%

Source: FSO

International Comparisons of MFP (1991-2003) G4-1
25%

20%

15%

1.0%

0,5%

0,0%

Switzerland
Spain

Italy

Japan
Danemark
Netherlands
Belgium
New Zealand
Canada
Greece
Germany
USA
France
Sweden
Australia
Finland

1. 1991-2002 for Australia, Japan and New Zealand
Source: SFSO and OECD Productivity database
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international annual average growth rate is 1.0%. Thus, for the whole analyzed p@ , Swiss
economy has the weakest annual growth rate of MFP in in@national compa@m. _Q_)

U 0 S

Wox v

This paper illustrated the various steps which were implement@by the SFSO to provide first @
estimates of the capital stock and of multifactor productivity. It shogy that while the statistic@@
database is not optimal, the conceptual framework of the OECD c e .im lementeg Y& a
great extent in Switzerland. It is worthwhile to mention that the results wer r&§ss-checked
by the OECD and can thus be compared to those of other countries without reservation. The
outcome is a very valuable input for further analytical work and for the evaluation of the
overall situation of the Swiss economy.

This being said, a number of interesting features emerged from the production
process as such. The SFSO can now identify and make a hierarchy of open points which
should be analyzed in the future. Issues like lifetimes of assets and sector allocation have
gained in importance, and must be studied in the medium term, taking into account the
specific features of the Swiss economy. Besides, these open points may have a backlash
on assumptions used by N.A in areas like depreciation. The forthcoming revision of
N.A will be a precious opportunity to review some of the assumptions made in the past.
Finally, the new figures must at one point be reconciled with an emerging feeling that the
Swiss economy has been successfully restructured in the last 13 years. Some qualitative
indicators tend to show that the Swiss economy is very competitive. The World Economic
Forum just released its global competitiveness report which ranks Switzerland as being
the most performing economy in the world for the first time ever”’”. As one can see, a lot
of analytical work still lay ahead, but the new figures are a big step forward to critically
assess the situation of the Swiss economy.

Conclusion

7 http://www.weforum.org/en/initiatives/gcp/Global%20Competitiveness%20Report/index.htm
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Appendix

T4-5 Annexe 1, Fixed Assets and Lifetimes

A | Lifetime (years) ")

Assets

Q

0 v

U 7 5
W v
O

Fruits (/ 8 (@
Hops |>, 2%\)
Industrial crops ° LeG?
Arboriculture 15
Vineyards 25
Animals —*
Fabricated metal products 18
Machinery and equipments 18
Office machinery and computers 7
Electricity distribution and control apparatus 15
Radio, television and comm. equip. and apparatus 15
Medical, precision and optical instruments, watches 15
Motor vehicles, trailers and semi-trailers 10
Other transport equipment 20
Construction 50
Software 4

*Animal stock estimation is based on livestock.
Source: FSO

T4-6 Annexe 2, Availability of time series

Assets GFCF needed since GFCF available since
Fruits 1974 1940
Hops 1950 1940
Industrial crops 1966 1940
Arboriculture 1960 1940
Vineyards 1940 1940
Fabricated metal products 1954 1971
Machinery and equipments 1954 1971
Office machinery and computers 1976 1971
Electrical machinery and apparatus 1960 1971
Radio, television and comm. equip. and apparatus 1960 1971
Medical, precision and optical instruments, watches 1960 1971
Motor vehicles, trailers and semi-trailers 1970 1971
Other transport equipment 1950 1971
Construction 1890 1948
Software 1982 1971
GFCF = Gross fixed capital formation

Source: FSO
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Introduction

This study investigates the determinants of labour productivity growth of Swiss firms in
the period 1994-2002 particularly emphasizing the role of innovation activities. Thus, the
main research question pursued is: to what extent do different types of firm-level innovations
affect labour productivity of firms in Switzerland? This is a question of particular interest
for Swiss policy-makers in the light of the unsatisfactory growth performance of the Swiss
economy in the 1990s (see Federal Department for Economic Affairs 2002). Most observers
consider the low growth of labour productivity as the main single factor for explaining this
unfavourable performance as measured by GDP growth. Labour productivity depends on
physical and human capital as main production factors as well as on new knowledge and
innovation. Economies that develop more and more in the direction of a “knowledge-based
economy” are relying increasingly on technological innovation. Hence, it is important to gain
some insights with respect to the (quantitative) relationship between innovation and economic
performance. A better understanding of the relative importance of the factors determining
productivity growth could contribute to an explanation of the low productivity growth of the
Swiss economy in the 1990s.

The data used in this study come from the KOF panel database and were collected in 1996,
1999 and 2002 respectively based on a questionnaire quite similar to that used in the Community
Innovation Surveys (CIS). We use an (unbalanced) panel of in total 793 firms covering the
manufacturing sector, a large portion of service industries and the construction sector.

In this study, we specify and estimate econometrically a labour productivity growth
equation (growth of value added per employee) containing a variable for human capital
(share of employees with tertiary-level education), a variable for physical capital (value added
share of non-labour firm income) and, alternatively, a series of simple innovation indicators
(introduction of innovations yes/no; introduction of product / process innovations yes/no;
existence of R&D activities yes/no; at least 1 patent application yes/no; introduction of
products new for the world marker yes/no).

®  The authors thank participants at the OECD Workshop on Productivity Analysis and Measurement, 16—18
October 2006 in Bern, Switzerland for their comments and suggestions.
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The new elements that this paper adds to the empirical literature are, first, the c@lﬁration
of several innovation indicators, thus allowing to test t]@ robustness (()i? relationship _Q_)
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between innovation and economic performance; second, the pse of panel or the period 5
1994-2002, since only few studies until now could dispose ofia panel,_It@ the first study on ]
the determinants of productivity growth based on Swiss ﬁnﬁ%a.

The set-up of the study is as follows: the second section givesidformation on the conceptual
framework and a short summary of related empirical literature. In thg third section we presgf
the specification of the productivity growth equation. The fourth seci%n Qea@wﬂé ta
used in the study and the method applied in the econometric estimations. In the fifth section

we discuss the empirical results. The last section contains a summary and some conclusions.

<

Conceptional framework and literature review

Since the mid-1980s the study of macroeconomic growth and its policy implications vigorously
re-entered the research agenda (Romer, 1986; Baumol, 1986). A diverse body of literature
appeared trying to explain, both theoretically and empirically, why differences in income
over time and across countries did not disappear as the neo-classical models of growth of
the 1950s and 1960s developed by Solow (1956) and Swan (1956) predicted. The idea that
emerged from this literature is that economic growth is endogenous. That is, economic
growth is influenced by decisions made by economic agents, and is not merely the outcome of
an exogenous process. Endogenous growth assigns a central role to capital formation, where
capital is not just confined to physical capital, but includes human capital and knowledge.

The econometric work on growth is dominated by cross-country regressions (Barro,
1991; Mankiw et al. 1992). In these studies the model of growth collapses to a single growth
equation by log-linearizing the model around the steady state. Following the same procedure
in our set-up, results in an equation explaining labour productivity growth by a catch-up
variable, human capital and the capital-labour ratio. Innovation efforts might be a relevant
factor in this kind of models.

The relationship between productivity and innovations can be analyzed on different levels:
economy, sector, industry, and firm. The present study is based on firm data. Thus, the reference
studies to be considered here are characterized by the fact that they concentrate on productivity
at the firm level and use micro data from Community Innovation Surveys (CIS).

Crépon et al. (1998) studied the links between productivity, innovation and research
based on a three-equation structural model that explained productivity by innovation output,
and innovation output by research investment based on a cross-section of French firm data.
They found that firm productivity correlates positively with a higher innovation output, after
controlling for labour skill and physical capital intensity. In a further study with French
data Duguet (2006) distinguished two types of innovation, namely incremental and radical
innovations. He found for a cross-section of French firm data that radical innovations are the
only significant contributors to TFP growth.

Loof et al. (2001), Janz et al. (2003) and Griffith et al. (2006) conducted comparative
studies for many countries using the framework of analysis developed by Crépon et al. (1998).
All three studies are cross-section investigations based on CIS data. Loof et al. found that

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008



it Eq,

5. INNOVATION AND LABOUR QR@UCTIVITY GROWTH IN sw‘@LAND -103
Q
o 2
- D
Q N *

the estimated elasticity of productivity with respect to innoyation output is highf@ Norway

than in the other two countries in their sample, i.e. Finland@d Sweden. Rathd¢ surprisingly, _Q_)
no significant relationship was found between innovation and productivitgot Finland. The
authors are reluctant to draw definite conclusions from these )/Bndings beuse of data errors, ]
differences in model specification or unobserved country-sp&Cific ef&'ts. Y

Janz et al. analyzed the relationship between productivit novation output and R&D
expenditure for a pooled sample of German and Swedish firms. T alysis showed that}gxé
two main parameter estimates, the elasticity of labour productivity wi rewef_t(én@«a fon
output and the elasticity of innovation output with respect to innovation input, are not
significantly different between the two countries.

Finally, using different innovation output measures, Griffith et al. found that the
innovation output is significantly determined by the innovation effort in all four countries of
investigation, France, Germany, Spain and the UK. In contrast to that, productivity effects of
innovation did not show up for Germany.

Wieser (2005) provides a survey of empirical studies on the impact of R&D on productivity.
Despite considerable variation of the estimated returns to R&D from one study to another,
the results clearly suggest a positive and strong relationship between R&D expenditures and
growth of output or total factor productivity. The studies reviewed indicate that the rates of
return vary sometimes significantly between industries, but it is unclear as to which industries
generate higher returns. The results of a meta-analysis indicate, first, a significantly higher
elasticity of R&D in the 1980s and consistently higher estimates for the 1990s, as compared
with the 1970s. Second, the meta-results show that the elasticities of R&D are significantly
lower in Europe than in the US.

On the whole, the comparability of existing studies is rather limited due not only to data
problems but also to differences with respect to model specification and applied econometric
methodology.

"/

Model specification

We assume a production function in which we include labour, human capital and physical
capital. Besides firm-, sector- and time-specific dummies, we allow previous innovation
activities to explain multifactor productivity (4).

Y, :A(S T, Plit—l)f(LwHiz’Kit) (1)

it joteote

where Y, is the output of firm 7 in period ¢, L, is the number of employees in firm i at time ¢,
H_ is human capital, and K, is the fixed capital stock of firm 7 in period ¢ The term S, and P,
stand for respectively sector- and time-specific dummies. /| represent innovation efforts (per
employee) by firm 7 in the period preceding period ¢ In the empirical analysis we assume an
aggregated Cobb-Douglas production function. We then divide both sides by the number of
employees and take natural logarithms, assuming constant returns to scale. In line with the
macroeconomic growth literature, we specify the resulting equation in growth rates (which
allows us to interpret it as the result of log-linearizing a more fully-specified growth model
around its steady state) and arrive at the following equation explaining labour productivity
growth:
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Lower cases indicate the natural logarithm of the original \kaaiables, Yies sew?as a catch-up -5
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variable and @, is a linear combination of the dummies fag)S j’T; % - Our dependent
variable is the change in the natural logarithm of value addedfe. sal®s minus material and
service intermediates) per employee. The natural logarithm of the human capital-labour ratip@,
we proxy by the natural logarithm of the share of the employees wi Wtiary—level edu%t{l'p

and for the natural logarithm of fixed capital-labour ratio we use the natur®l lbgagiKm Share

of capital income (value added minus labour costs) per employee.

Our main hypothesis is that innovation activities, via the multifactor productivity term a,
contribute to an improvement of labour productivity growth. As we will use binary innovation
indicators to proxy for innovation, we basically compare labour productivity growth between
firms that are and are not involved in such innovation activities.

Data and method

The data used in this study were collected in the course of three surveys among Swiss
enterprises in the years 1996, 1999 and 2002 using a questionnaire which included besides
questions on some basic firm characteristics (sales, employment, labour costs and employees’
vocational education) also several innovation indicators quite similar to those in the Innovation
Surveys of the European Community (CIS). The survey was based on a (with respect to firm
size) disproportionately stratified random sample of firms with at least 5 employees covering
all relevant industries of the manufacturing sector, the construction sector and selected service
industries (18 manufacturing industries, 9 service industries and the construction industry,
on the whole 28 industries) and within each industry three industry-specific firm size classes
with full coverage of the upper class of large firms). Quantitative variables (e.g. value added)
are referring to the years 1995, 1998 and 2001 respectively, while the innovation variables
are referring to the three-year periods 1994-1996, 1997-1999 and 2000-2002 respectively.

To circumvent that the results are driven by outlying observations, we removed potential
outlying observations before starting our empirical analysis. As both the mean and the standard
deviation are highly sensible to the presence of outlying observations, we used robust counterparts
—namely the median and the median absolute deviation — to identify extreme observations. In
each cross-section those observations which in absolute sense deviated more than three times
the median absolute deviation from the median itself were removed from the sample.

As already mentioned the data cover in total 18 manufacturing sectors, 9 services
sectors and the construction sector. The three largest industries with each an approximate
share of 10 percent in our final sample are the construction sector, metal-working industry
and machinery. Close to 40 percent of the observations stem from the survey conducted
in 2002. The two surveys in 1996 and 1999 each represent approximately 30 percent of
the observations. This means that our panel is of an unbalanced nature. Our final dataset
contained 793 observations. Due to missing values for single variables the sample fluctuates
between 768 and 793 observations at maximum in the econometric estimations.
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T5-1 Summary statistics ()]
Obs. d Mean p St.dev. J

Labour productivity growth 793 \)) 3 %@ 24.2% 1/]

Log(initial labour productivity) 793 11.73%0 0.34% (%]

Lagged foreign ownership (y/n) 793 10.1% 30.1% o

Growth in share tertiary education 793 (ﬁg 49.2% <

Growth in capital-labour ratio 793 -1V o L éS x>

Innovation activity (y/n) 793 69.6% 6.0%

Product innovation (y/n) 793 57.3% 49.5%

Process innovation (y/n) 793 50.7% 50.0%

R&D Activities (y/n) 792 53.2% 49.9%

Patent applications (y/n) 789 20.2% 40.1%

Introduction of new products (y/n) 768 20.3% 40.3%

T5-2 Correlation matrix of the model variables

Obs.\Corr. 5 o | = § g 2
2 g2 | B2 | £ = g E % =
E_|55|55|5 | 8| 2| £ 8| 2| ¢
E8|s=2|=8|=€| 58| E| E| 2| & | @
ES|ge|sz|sc| 8| 2| 8| 8| £ | &
e | ;e 8 2 5 3 a 5 2
BE|FE|85|88| 2| 2| &) 8|53
Labour prod. growth 0.09 -0.26 0.03 0.52 0.05 0.05 0.01 0.05 0.04 0.07
Log(initial labour productivity) 793 0.15 0.07 0.09 0.07 0.12 -0.04 0.08 0.04 0.08
Lagged foreign ownership (y/n) 793 793 0.03 -0.13 0.15 0.19 0.14 0.19 0.12 0.12

Growth in share tertiary education 793 793 793 -0.01 0.08 0.10 0.10 0.07 0.03 0.02

Growth in capital-labour ratio 793 793 793 793 0.04 0.03 0.00 0.07 0.00 0.02
Innovation activity (y/n) 793 793 793 793 793 0.77 0.67 0.71 033 0.34
Product innovation (y/n) 793 793 793 793 793 793 038 0.73 041 041
Process innovation (y/n) 793 793 793 793 793 793 793 046 024 031
R&D Activities (y/n) 792 792 792 792 792 792 792 792 043 0.40
Patent applications (y/n) 789 789 789 789 789 789 789 788 789 0.51

Introduction of new products (y/n) 768 768 768 768 768 768 768 768 765 768

We estimate equation (2) containing besides the first differences of the two basic variables
log of share of employees with tertiary-level education and log of capital income per employee
alternatively with each one of six different dichotomous innovation indicators (innovation
activities yes/no; introduction of product / process innovations; R&D activities yes/no; at east
one patent application yes/no; introduction of products new for the (world) market yes/no) (see
table 5—1 for some descriptive statistics of the variables used, also table 5-2 for the correlation
matrix of the model variables). These indicators cover both the input- and the output-side of
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the innovation process as well as the two most important kinds of innovation, @duct and
process innovation. Further our estimation equation contai@28 industry duxr&ies, two time
dummies and a dummy for a firm being domestic- or foreignjowned (see able 5-3).”
We estimate one OLS version of equation (2) containilﬁcon‘[em @neous innovation
indicators and a second Instrumental Variable version where Qlagg novation indicators
are used as instruments. In this way, we take the possibility of\the innovation variable being
endogenous into account. (& I)'

106 - 5. INNOVATION AND LABOUR PRODUCTIVITY GROWTH IN SWITZERLAND 1 6

Y
3

(@
° LeC‘O

Empirical results

Table 5-3 shows the results of the econometric estimations of equation (2) with six alternative
innovation variables. Column (1) presents the baseline regression without any innovation
dummy. The coefficients of both variables for resource endowment are, as expected, positive
but only the parameters for the capital-labour ratio are statistically significant at the usual
significance level. However, there is a strong positive correlation of the variable for human
capital with the /evel of labour productivity, as was found in other studies (Arvanitis
2007). Further, the coefficient of the foreign ownership dummy is also positive and highly
significant, which can be interpreted as a clear hint that, after controlling for all other factors,
productivity growth is higher in foreign than in domestic firms. The estimated coefficient
implies that, when keeping the other attributes in the model constant, foreign firms on average
report a (100*In(1+0.06)=) 5.8 percentage points higher labour productivity growth rate than
domestically-owned firms. Given an average labour productivity growth of 3.8 percent in our
sample (see Table 5-1), this means that foreign firms on average grow 2.5 times faster than
domestic firms. The effect of productivity growth lagged by a period on current productivity
growth is, as expected, significantly negative across all estimations and in absolute terms as
high as the capital-labour ratio effect.

The next columns of Table 5-3 report the results in case our innovation variables
are added one at a time.!* Unless mentioned otherwise, we focus on the results for the
instrumental variables specification.®! In column (2) we first start by including our broadest
defined innovation variable, overall innovation activities. This dummy equals one in case the
firm reports to have carried out product or process innovations or both of them during the
past three years and is significant. An economic interpretation of this coefficient is that on
average a switch from a firm without innovations to a firm that has introduced innovations,
is associated with an increase of productivity growth by somewhat more than 10 percentage
points. When splitting up these innovation activities into product and process innovations
(columns (3) and (4)), it becomes clear that largely product innovations are driving this result.

We also experimented with including six dummies for firm size. However, in these growth regressions these
dummies did not turn out to be significant and are therefore removed from the regression. The qualitative
results are not affected by this.

The high correlation (as reported in Table 5-2) between the different innovation dummies refrain us from
reporting the results including all innovation dummies at once.

We also estimated the same set of equations using only the lagged innovation dummies. The results are
qualitatively identical to those of the instrumental variable approach.
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There is some indication that process innovation is_positively correlate@o labour
productivity growth when looking at the OLS results. Hodver, the instrunsgtal variables _Q_)
regression suggests that this is due to an endogeneity problein (column (4ynY0 a somewhat 5
lesser extent, the same conclusion holds for our patent a;islication d@my (column (6)). ]
Hence, we cannot find significant effects for process innovation and Y&dummy variable for
at least one patent application when we correct for potential engeneity in these variables.

Depending on the market environment, firms pass on cost redigtjons to output prices Iﬁe
value added is not (appropriately) deflated, mostly due to lack of priceldatagt the Itl&z ,a
problem of identifying productivity effects of process innovations could emerge. This could
explain the ambiguous results with respect to process innovation.

Besides product innovations (i.e. products new either to the firm or to market), the variable
for R&D activities (column (5)) is significantly positively correlated to productivity growth.
Concentrating on those product innovations and products which are new for the worldwide
market (column (7)) shows that especially this type of product innovation has a strong and
significant impact on subsequent labour productivity growth.

Overall, especially those innovation variables which are related to some form of product
innovation are statistically significant. Their coefficients vary between 0.06 (product
innovations) and 0.11 (R&D activities; new products). Hence, in the case of R&D activities
and new products, a respective shift of a firm from an inactive to an active state leads to an
increase of productivity growth by over 10 percentage points.

A comparison of our results for product and process innovations, which are the most
frequently used binary innovation indicators, with the results for other countries (available
only for a cross-section of firms), shows the following picture: a significant positive effect
of process innovations was found only for France (Griffith et al. 2006) and Italy (Parisi et
al. 2006); for Finland, Spain, the UK and for Sweden (in one of two studies) no effect could
be identified (Griffith et al. 2006; Janz et al. 2003); for Germany and Sweden (in the second
study) showed even significant negative effects. Thus, also in accordance with the Swiss
panel results, process innovation does not seem to be a driver of productivity growth.

Product innovations were taken into consideration in the studies for France, Germany,
Spain, the UK and Italy: significant positive effects were found for France, Spain and the
UK but not for the other two countries (Griffith et al. 2006; Parisi et al. 2006). Similarly
to Switzerland, also in these three countries product innovation contributes considerably to
productivity growth.

108 - 5. INNOVATION AND LABOUR PRODUCTIVITY GROWTH IN SWITZERLAND 1 6

Concluding remarks

The results for the productivity equations can be summarized as follows: physical capital (but
not human capital) growth and foreign ownership definitely matter for labour productivity
growth. Besides evidence that less productive firms catch up to those who are more productive,
we also find that innovation activities stimulate labour productivity growth.

With respect to latter, we found significantly positive coefficients for four out of six
innovation variables; we could not find a significant effect for process innovation and patent
applications. Especially product innovations seem to matter for labour productivity growth.

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008



it Eq,

5. INNOVATION AND LABOUR gR@UCTIVITY GROWTH IN SW%@LAND -109
Q
o 2
> 3
Q o ¢

The magnitude of the impact effect on productivity growth yaries between 7% ar@) 7. This
means that dependent on the innovation indicator the shiﬂrom a firm withaut innovation
activities to the one with such activities correlates with an ingrease of prod ity growth of
7 to 10 percentage points on average over the next three years, With an @erage growth rate
of 3.8 percent in our sample, this effect can be considered to\g quite\{Ubstantial. This result
confirms the widespread view that the performance of the Swisseconomy crucially depends
on innovation. Innovation activities decreased continuously in ma@i&turing (for Whicliyé
have more data) between 1993 and 2002 (see Arvanitis et al. 2007). T 1ngjntt0(éséeﬁ fon
that manufacturing has been the most productive part of the economy, it is not astonishing
that overall productivity growth has stagnated in this period. The negative development of
innovation activities offers a (partial) explanation besides the decrease of capital-labour ratio
(see table 5-2) for the low growth of productivity of the Swiss economy in the 1990s.

Future research has to take care of some problems that we could not handle in this study.
Price deflators were not available neither at firm level nor at a disaggregated industry level,
e.g. 3- or 4-digit industries. Further, the problem of double counting (expenditures on labour
and physical capital used in R&D should be removed from the measures of labour and physical
capital used in production) has to be encountered, especially when using some measure of
R&D capital. Schankerman (1981) clearly demonstrated that the failure to remove this double
counting has a downward bias on the estimated R&D coefficients. Finally, a future study
has to deal with the fact that innovations are to some extent public goods, thus leading to
external effects (spillovers), both positive and negative, which have to be taken explicitly into
consideration.

Z
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6. ON THE IMPORTANCE OF USING COMPARABLE LABOUR@P T

TO MAKE INTERNATIONAL COMPARISON O RODUCTIVI@( LEVELS _Q_)
Canada-U.S., A Case Study > »)
W Q\e’ 4
@) 9
7/

By Jean-Pierre Maynard® (& <
Statistics Canada b- e | ecC ‘(.\)

Introduction

In 2005, Statistics Canada’s Canadian Productivity Accounts released two studies that, for
the first time, examined the comparability of labour productivity levels between Canada and
the United States.* Previously, Statistics Canada limited comparisons to productivity growth
rates. Using analogous sources, concepts and methods to obtain the most comparable measure
possible of productivity levels, these new studies found that the Canada—U.S. productivity
level difference was lower than normally described.

Neither the Canadian nor the American data used to measure work intensity for
this project are the same as those used by many who have conducted Canada/U.S.
comparisons of the level of labour productivity. Other studies have used data that were
assumed to be comparable — such as data from the Labour Force Survey (LFS) in Canada
and those from the equivalent American survey, the Current Population Survey (CPS) —
but which are not.

This third study® focuses in more depth on the construction of the volume of hours worked
developed for this project and on the choice of estimates of jobs and population. It describes
the reasons why the work intensity measures used in our Canada/U.S. project are superior
to alternatives that are readily available but non comparable and therefore inappropriate for
studies of Canada/U.S. comparisons of the level of productivity.

8 The author would like to thank John Baldwin, Tarek Harchaoui and Mustapha Kaci for their invaluable
help with the presentation and content of the various drafts that led to this final version. He also wishes
to thank Don Drummond, Graham Rose and Gloria Wong for their relevant comments, as well as Mike
Harper and Phyllis Otto from the Bureau of Labor Statistics for the many clarifications provided about
U.S. labour statistics. This third article on the project comparing Canada—United States productivity levels
initiated in fall 2003 by the Canadian Productivity Accounts would never have seen the light of day without
the outstanding work of a team of analysts composed of Marc Tanguay, Jin Lee, Fanny Wong and Sean
Burrows. However, despite the involvement of all these people, the author remains wholly responsible for
any error or omission in this study

8 Baldwin et all., 2005; Baldwin, Maynard and Wong, 2005.

This paper is a shorter version of a more detailed study The comparative level of GDP per capita in Canada
and in the United States: A Decomposition into Labour Productivity and Work Intensity Differences.
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This study answers the following questions:

1. What are the reasons for the choice of data to measure & volume of houpsworked? _Q_)

2. Why are the estimates of the volume of hours worked deyeloped for thpg Study the most
appropriate for comparing levels of work intensity an \ﬁours work@J per job between ]
Canada and the United States?

3. What are the problems with traditional data sources thatQake them inappropriate for
comparisons of levels? (& <

4. What is the degree of error that is made if a study relies on alternzl?é by egsil a@eﬁs‘f'gle
labour force sources to compare levels of productivity and work intensity between Canada
and the United States?

<

The first section develops and illustrates the conceptual and methodological framework
required to make Canada—United States estimates of labour and population comparable in
terms of level.

Using the year 2000 as an example, the second section quantifies the “statistical error” that
arises from using inadequate statistics or statistics not designed for this type of international
comparison. This exercise reveals that the comparability of data on hours worked per job is
especially crucial to identifying the origin of the differences in GDP per capita between labour
productivity and hours worked per capita. The worst error involves comparing hours worked
estimated from an employer survey with those obtained from a household survey. This type
of comparison between Canada and the United States results in assigning an estimated 72%
of the difference in GDP per capita to labour productivity when, in reality, it counted for
barely 36% in 2000.

The last section of the paper presents a brief Canada-U.S. analysis of the GDP per capita
differences and its components based on this comparable measure over the period 1994 to
2005.

Estimation of labour input for comparisons of relative levels of labour productivity in
Canada and the United States

Background

Although Canada and the United States are located on the same continent and their culture
and institutions are similar, the statistical systems in the two countries rely on concepts and
methods that are not always equivalent. There are two possible approaches that can be used
to draw cross-country comparisons using Canada/U.S. data:

a) A mechanical approach is to use various labour market data published by the two
statistical systems without considering the initial objective for which the series were
established and whether series with similar titles are really comparable;

b) A more time intensive approach is to compare sources, concepts and methods and to
make modifications to the series of one or other country to reconcile differences.
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It was the latter approach that was adopted by Baldwin et al., (2005) aaldwin,

Maynard and Wong (2005), who made a considerable @ort to ensure tha the various _Q_)
components of the decomposition of GDP per capita were a@omparable a sible in terms 5
v

of concept and coverage. W (74}
@) 2 9
¢

Selection criteria

There are a number of different sources that can be used to desél estimates of lal{gﬁ'
inputs for the purpose of comparing productivity levels in Canada and Qhelyléeﬂlé'ates.
The suitability of particular sources depends on four factors: the extent to which they are
consistent with the required concept, whether their coverage is appropriate, whether their
methodology is comparable, and whether their accuracy is similar.

Concept

An estimate of labour input for the purposes of analyzing productivity must allow for the
measurement of the derived work effort that most accurately reflects the production of goods
and services.

Labour input can be measured by the number of persons employed or by the hours worked.
Since workers do not work the same hours in every country, differences in effort are better
reflected by the volume of hours worked than by the number of persons employed.

The 1993 System of National Accounts thus proposed hours worked as the preferred
measure to be used with gross domestic product (GDP) for productivity estimates. Furthermore,
the international definition of what constitutes work is based on time worked.

The System of National Accounts (1993) uses a definition of hours worked that is consistent
with the concept defined by the International Labour Office.®

According to the retained definition, hours worked means the total number of hours that
a person spends working, whether paid or not. In general, this includes regular and overtime
hours, breaks, travel time, training in the workplace and time lost in brief work stoppages
where workers remain at their posts. On the other hand, time lost due to strikes, lockouts,
annual vacation, public holidays, sick leave, maternity leave or leave for personal needs are
not included in total hours worked.

Coverage

Estimation of labour inputs must correspond as closely as possible to the National Accounts
production boundary, which serves to measure the production of goods and services. This
applies to estimates of jobs, hours and population when gross domestic product per capita
is calculated. Some labour input sources do not cover all sectors. For example, agriculture
is usually excluded from employer surveys. Some population aggregates also exclude a

8 For the official definition, see System of National Accounts 1993, Chapter XVII, Section 3
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substantial number of individuals (i.e., those who live in ingtitutions, such as 101@erm care

facilities and penitentiaries or military personnel). IdeallyQ)urces that provjdle only partial _Q_)

coverage need to be supplemented by data on the excluded @rt of the pop n. 5
"/

Accuracy or quality of estimates \90 Q\ 0)@

The accuracy of each estimate associated with a survey depends ofyboth sampling error ané@
non-sampling error. Sampling error will depend on the size of the m}gle nd its dgsien,
while non-sampling error will depend on administrative practices, coverag Sblems and
definitions.

The quality of an estimate is partially dependent on its intended use. Some estimates may
be highly appropriate for some uses and less so for others. For example, a particular source of
labour data may be downward biased in terms of levels, while providing a good indication of
the trend. Such a data source is appropriate for developing an estimate of labour growth used
to derive estimates of labour productivity growth, but it would be inappropriate for estimating
the level of labour productivity.

In fact, as we note below, this issue is critical to the choice of a particular estimate of
labour input for the United States and Canada if comparable estimates of the productivity
levels in each country are to be produced.

Corroboration

Discovering information that corroborates estimates of labour input is one way of evaluating
the quality of such estimates. Alternative methods, albeit imperfect, can still be indicative of
the appropriateness of the chosen estimate.

Sources of labour inputs

There are two main sources from which estimates of labour input for Canada and the United
States can be produced, namely household surveys and employer surveys. The first collects
information by asking members of selected households whether they are working and how
much time they spend at work, whether paid or unpaid. The second asks employers directly
for information on the number of people working at their businesses and the amount of time
they work (normally their hours paid).

Each of these surveys differs in terms of accuracy, although it is important to note that
accuracy depends on the intended use for each source. What is appropriate for one use is not
necessarily appropriate for another. We have already noted that what would be adequate for
comparing the employment growth rates in each country may not be adequate for comparing
levels. Different series may provide essentially similar estimates of growth rates but different
estimates of levels. It should be noted that producing accurate data in terms of levels is much
more demanding in terms of statistical quality than what is necessary to provide a trend indicator.

It is important to recognize that surveys are often developed to meet objectives that
are different from those of a particular analyst — especially those conducting cross-country
comparisons. A household survey may be developed to provide information on short-term
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trends in the labour market but not necessarily to estimate the level of the e@oymen‘[—
population ratio. Moreover, a household survey does n(ﬂlecessarily con&tute the best _Q_)
instrument for obtaining full coverage of all jobs in the eccglymy, but mayfa' d a more than 5
adequate estimate of hours worked per job. (74}

In evaluating the extent to which a particular data sour&) app%fiate for a particular
use, an analyst needs to ask whether the respondent has the ab1<§y to provide the information
requested. An equally important consideration is whether the stéjistical agency is able
deal with the estimation difficulties associated with a particular in un;enLuSédé‘p ta
collection.

Both household surveys and enterprise surveys encounter problems in obtaining hours
worked, which is required for measuring productivity. However, the problems and the
solutions for dealing with them are different in each case.

/

Enterprise surveys

Hours worked data from enterprise surveys contain several problems. The first is that firms
often do not keep data on jobs that are not paid on an hourly basis. This includes white
collar workers or the self-employed. It also includes workers with non-standard working
arrangements. The latter make up a substantial part of the workforce. The Upjohn Institute
reports that only 70% of workers are in jobs with standard work arrangements (Houseman,
1999). And of this group, only about 70% are hourly workers. This is becoming more of a
problem in the service economy as contracts are often specified in terms of annual salaries
with unspecified overtime commitments.

A second problem occurs since enterprises can generally only report hours paid and not
hours worked. And the size of unpaid hours worked has been increasing over the last two
decades. In Canada, almost 9% of jobs report unpaid overtime, accounting for between 2%
and 3% of total hours worked.*

These problems have been dealt with in the United States in different ways. For example,
the Bureau of Labor Statistics (BLS) supplements the hours worked estimates derived from
an enterprise survey (the Current Employment Survey, or CES) for hourly workers with data
on hours worked for salaried workers and self-employed workers taken from its household
survey (the Current Population Survey, or CPS). Hours paid are transformed into hours
worked with other information on how many hours worked are unpaid and on how many
hours paid have not been worked (e.g., paid vacations, paid sick leave, etc.).

Enterprise surveys may also have problems obtaining data on hours worked from
businesses if firms just do not keep track of hours worked data. As the work week becomes less
standardized, firms have less of an incentive to keep hours worked as part of their management
information systems. Indeed, Statistics Canada gave up asking questions about hours worked
on its enterprise manufacturing surveys in the 1990s when the response rate to these questions
fell well below 50% and resort to widespread imputations became extensive.

8 Special extractions from the 1998 Labour Force Survey.
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Household surveys D O 0
Household surveys have been developed with an exten%\ge set of quesHows that permit -5
statistical agencies to delve into the labour market status 21agousehold@ mbers, the type v

of work that they perform, and the number of hours inclu
hours, hours without remuneration and the reasons for
sickness, etc. (& <

When these surveys are conducted across different classes ofIkVorker (pai(th\u)&y,
salaried, self-employed), they generate estimates with good coverage. And siril:e @ey ask for
both paid and unpaid hours worked, they permit direct coverage of the definition of hours
worked that meets international standards of work effort.

While household surveys have the advantage over enterprise surveys in that they directly
request information on the concepts required to meet international standards, household
surveys do face various problems in providing error-free estimates of hours worked.

First, in many households, the respondent will provide proxy answers for members of
the household who are not present. And since respondents are asked for information on the
previous week’s experience, there may be a case of recall bias — that is, respondents may not
remember precisely the hours actually worked in the previous week.

Survey methodologists in statistical agencies have devised ingenious methods to
minimize these problems. The solution has been to design detailed questionnaires with
special prompts as to unusual events in previous weeks, and to do follow-up surveys to
gauge error rates. The result is a professional product in which most statistical agencies
place great confidence.

It is nevertheless the case that household surveys often need special editing because they
are not continuous surveys and extrapolation of the results from the survey week to other
weeks for the purposes of the Productivity Accounts requires recognition that holidays affect
each week in a month differently. Household surveys may have problems with unusual events
that occur during the reference week. The solution of the Canadian Productivity Accounts is
to make detailed use of data on holidays and other events to provide ‘corrected’ estimates for
other weeks in a month.

Enterprise surveys will not have problems with holidays that occur during the reference
week if they report hours paid — but to transform this estimate to number of hours worked
to other periods not covered by the pay period requires transformations that are extremely
complex.

éuSLQ‘hOUI‘S, and overtime Y
e lost — due to holidays,

Estimating the volume of hours worked

Despite our preference for the data on hours worked that are produced by household surveys,
not all components that are required to estimate total hours worked for various categories
(class of worker, industry, region) are available from one source.

Part of this problem arises because of slightly imperfect coverage of the household survey
in Canada. Part of it arises because of inadequate industry coverage (low sample size) in the
Labour Force Survey at very fine levels of industry detail.
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Therefore, the Canadian Productivity Accounts (CPA) proceeds in sever@;tages to

develop total hours worked for its industry accounts. Onljthe first two are ﬁevant here.’’ _Q_)
At the level of the economy as a whole, the CPA first geneletigs estimates s, and then it 5
v

calculates estimates of hours worked per job. The volume of hours Wor is then obtained

by multiplying these two components together. Y
23 Y (JimnXHimn) =Vhimn (/ 12@

J = number of jobs b .‘\)

H = average annual hours worked °* LeC

Vh = total hours worked

where i = industry, m = region et n = category of worker (hourly, salaried, self-employed).
Jobs

The CPA focus on the concept of Jobs instead of Persons Employed since it is this notion
that is specified by the System of National Accounts. Jobs is chosen as the basic unit since
it corresponds more closely to production than does a person employed in a world where
persons can have multiple jobs.

Enterprise surveys tend to capture the number of jobs (though analysts will often
incorrectly refer to the measure yielded by an enterprise survey as employment). On the
other hand, household surveys focus on the person who is employed — but, with a set of
additional questions, can ascertain whether that person has multiple jobs and where those
jobs are located and thus estimate both employment and jobs.

In Canada, the Productivity Accounts use the Labour Force Survey to measure both
employment and total number of jobs — enhanced by several other sources to cover the small
number of segments not covered by this survey. The Labour Force Survey is benchmarked
to the Canadian Census of Population — which is taken at five-year intervals and regular
revisions are made to benchmark totals derived from Census totals and results are backcast
to provide historically consistent series.

However, the U.S. employer survey is considered more reliable than the household survey
for estimating number of jobs in the United States for our purposes. Aside from the fact it does
not entail any breaks, the aggregated series that comes out of the Current Employment Survey
(CES) is adjusted annually to a benchmark based on the administrative data collected for the
purposes of managing the unemployment insurance program®® (Nardone et al., 2003), making
the CES a complete source of information on non-agricultural employment. Information on

The reader is referred to Girard, Maynard and Tanguay (2006) for more discussion of how detailed industry
labour estimates are obtained for the Canadian Productivity Accounts.

In October 2003, a group of authors from the Bureau of Labor Statistics and the Bureau of Economic Analysis
prepared an article analyzing the discrepancy between the employment figures from the Current Population
Survey and the Current Employment Survey for a presentation to the Federal Economic Statistics Advisory
Committee. The article contains a host of information and explanations on the differences between the two
surveys. For further details, see “Examining the Discrepancy in Employment Growth between the CPS and
the CES” by Nardone et al.
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employment for the groups not covered by the CES, such as unincorporated s@mployed

workers, family workers and farm workers, is complementg by other sourcei\the main one
being the Current Population Survey (CPS). U >

W Qg’

An illustration of the differences between the concepts of jobs and O

2

2

of persons employed in the United States ¢, G 6—}@
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Sources: Bureau of Labor Statistics Productivity Growth Program and Current Population Survey

For United States data, we choose the enterprise survey rather than the labour force survey
to estimate total jobs because of well-known undercoverage in the CPS (Nardone et al., 2003).
The CPS, like its Canadian counterpart, is benchmarked to the population census. However,
the adjustment is decennial in the United States and quinquennial in Canada. During the
1990s, the U.S. projection system used to extrapolate the 1990 Census estimates fell further
and further behind. As a result, the CPS sample frame, i.e., estimates of population aged 16
years and over, has some serious weaknesses for our purposes. The results of the 2000 Census
revealed an underestimation of the working-age civilian non-institutional population that was
equivalent to 2.7 million people that was mainly reflecting an underestimation of immigration,
particularly undocumented and temporary immigrants (Nardone et al., 2003).

The CPS survey results were therefore substantially revised when the 2000 Census
results became available. However, these revisions were made only for the period after 2000,
resulting in a substantial break between the period prior to 2000 and that which followed (see
graph 6—1, which compares the employment estimates derived from the CES to the estimates
obtained from the CPS). The fact that the CPS measure of persons employed is subject only
to periodic review and incomplete revision makes this source less than ideal for historical
international comparisons.

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 - © OECD 2008



\tE

6. ON THE IMPORTANCE OF USING COMPARABLE LABOUR INPUT TO MAKE INTERNATIONA{, 6MPARISON OF PRODUCTIV%@VELS 123

{
© N .

In contrast, it is felt that the CES suffers less from_this problem. In li@ of their
undocumented status, Nardone et al. (2003) suspect that thispopulation of imajgrants would
be very reluctant to respond to household surveys (Nardone)jet al., 2003) rgue that the
CES employer survey would be much more likely to capture\#e jobs hel@by undocumented
immigrants. Employers must, in fact, report the number mpl s they have to the
Employment Insurance program once a year. It should be reca@i that it is the data from thls
file that is used as an annual benchmark for the CES. Frequent audl(sj;[shls file have reveé
a significant increase in the number of employees with false Socid"Seguri y
was also noted that the use of false numbers was more likely to occur in indus rles in Wthh
employers have a tendency to hire more immigrants.

Jobs versus employment

While we focus on the number of jobs in our analysis, we can reconcile it with the number of
persons employed from the sources that are utilized. Table 6—1 illustrates for 2002 the change
from the concept of number of persons employed as published by the household surveys of
the two countries to that of number of jobs, in keeping with the framework of the System of
National Accounts that we are using here.

Some of the differences in table 6—1 between estimates of jobs and employment arise
from differences in coverage, some come from differences in concept — since both jobs and
employment data come from the same source (the Labour Force Survey [LFS]) for Canada,
but different sources for the United States (jobs from the Current Employment Survey [CES]
and employment from the Current Population Survey [CPS]).

T6-1 Difference between the number of persons employed and the number of jobs, 2002

Canada (A) | United States (B) | (A)/(B) in percentage
Thousands

1. Persons employed 15,310 136,485 11.2

2. plus Persons holding jobs 756 7,691 9.8

3. minus Unpaid absences 674 2,076 32.5

4. plus Military personnel 82 1,464 5.6

5. plus Other adjustments 87 2,386 3.6

6. equal Number of jobs 15,559 145,950 10.7

7. Line [((6) / (1))-1] x 100 2% 7% -5

Note: Calculations are based on labour sources produced by both countries.
Source: Statistics Canada, Canadian Productivity Accounts.

Line 1 is total employment as derived from the household surveys in both countries. The
second line adds multiple jobs to those who are employed as generated by the household
surveys. The third adjusts for a difference in concept — people who are absent from work
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but have a job are not included in the work concept that is required for uctivity
purposes but are included in the number of people WIQ have a job by ¥gbour market
analysts. They therefore are subtracted from the secmxd)line. The f corrects for
differences in coverage since the military are often left ouf of househofd surveys but need
to be added in for complete coverage of labour markets. T}‘}(e3 fth Qbincludes additional
adjustments to bring the total employment number yielded he household surveys into
line with the number of jobs. For Canada, these include peopleﬁ)ng'irst Nation reserves,
in the north, and government employees outside of Canada that a mseﬁ b @eﬁL
For the United States, this adjustment comes from taking the difference between the total
number of jobs as defined by the CES and the total derived from the CPS using the same
adjustments outlined in lines 2, 3 and 4. It will include the same type of adjustments made
for Canada — slight geographic extensions — but the primary difference results from a
substantial undercoverage of the CPS relative to the CES in terms of number of jobs, as
was discussed in the previous section.

An illustration of the differences between the estimate of jobs and
of persons employed in Canada G 6-2
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Sources: Statistics Canada, Canadian Productivity Accounts and Labour Force Survey.

Changing from one concept to the other is associated with a 2% increase in the variable
in Canada (column A), as compared to 7% for the United States (column B).

There are many reasons for the difference in the magnitude of the adjustments between the
two countries. They have to do with the difference in the way the labour market is regulated
and the percentage of military personnel in each country as well as purely geographical
questions and their impact on the accuracy of the statistics compiled.

For example, the number of persons who responded that they held a job but who were
absent from work and were not paid by their employer, as a percentage of the number of
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v
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persons employed, was three times higher in Canada than in_the United States in @2. While

it was relatively stable until 2000, this percentage has giawn significantly ¥q the interim, _Q_)

partly because of the adoption in Canada of legislation %)orting paretﬁ, leave funded 5
v

through the employment insurance program® (see graph 6-2). (74}
Furthermore, Canada differs from the United States in*f¢rms the role and the place Y
held by the armed forces. The number of military, as a percentage of the number of persons

employed, in the United States, is approximately double that of Caﬁﬁt,. (@
Lastly, it should be noted that the percentage of other adjustmehfs that t\;e %@6“196,
which primarily relates to those of a statistical nature, is three times higher for tThe United

States than for Canada. In Canada, this category reflects the addition of northern Canada
and of Aboriginal reserves. For the United States, this category stems from the difference
between the figures for the number of persons employed obtained from the CPS and that of
the number of jobs derived from the U.S. productivity program, which is obtained by adding
the CPS data for jobs in farms, private households and self-employment to the number of paid
jobs from the CES.

Hours worked per job

Hours worked in this study are calculated from the labour force surveys of the two countries
for the reasons outlined above. But in both countries, adjustments are made to the series since
the unadjusted estimates do not adequately take into account holidays. Each of the labour
force surveys is conducted monthly but covers only one week. The results of that week need
to be extrapolated to other weeks in the month. In doing so, we need to recognize that the
reference week used by the household survey may not be representative of the other weeks in
the month, either because it has more or less holidays than other weeks.

The Canadian Productivity Accounts (CPA) have developed a procedure to make the
corrections to raw Labour Force Survey totals — to correct for what we refer to as reference-
week bias. In this study, average hours from the Current Population Survey were subject
to the same type of adjustment as those from the CPA so as to correct the estimation bias
associated with the choice of reference week. We explain below what these adjustments entail
(see Maynard, 2005 for details).

The occurrence of a public holiday or specific vacation during the reference week
means that the number of hours worked as collected through the survey for this week
are not representative of the 52 weeks that make up the year as a whole. For Canada, we
identified 13 statutory public holidays that are recognized by either a provincial or the federal
government. Of that number, there are two that appear regularly during the reference week
and three others that appear sporadically. We observed a similar phenomenon in the United
States, but it was of lesser magnitude. Of the 11 federal holidays granted as days of rest in the
United States, only three appear during the CPS reference week, including two that occur on
an irregular basis (Eldridge, Manser and Flohr, 2004).

8 The other reason for this large percentage relates to the economic cycle: temporary layoffs tend to increase

when the economy is in a downturn. A similar phenomenon was observed during the recessions of 1980 to
1981 and 1990 to 1992. See Galarneau et al., (2005) for further details.

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008



Nt Eq,
126 - 6. ON THE IMPORTANCE OF USING COMPARABLE LABOUR INPUT TO MAKE INTERNATIONAL COMPARISON (@)RODUCTIVITY LEVELS {,‘
Q N °

In Canada, the estimation bias associated with the reference week owing to @h factors
as the sporadic presence of statutory public holidays prin‘@ily affects the tidd in average 9
hours. However, average annual hours calculated solely from the 12 refere eeks causes a 5
relatively lower error than in the United States in terms of levels. In the Uffled States, average

\g v
annual hours calculated solely from the 12 reference weeks a @net&ss less vulnerable to Y
trend bias (see table 6-2). e
¢ <

T6-2 Effect of adjustment of hours per job on Canadian and U.S. esﬂmﬂeeaﬂlj,&bs

Total Unadjusted hours Adjusted hours Percentage difference between

unadjusted and adjusted hours

Canada United States Canada | United States Canada | United States

1994 1,811.8 1,944.5 1,762.2 1,834.9 2.8 6.0
1995 1,799.3 1,951.8 1,761.0 1,828.8 2.2 6.7
1996 1,811.9 1,957.4 1,774.1 1,844.1 2.1 6.1
1997 1,813.0 1,967.0 1,767.4 1,848.9 2.6 6.4
1998 1,796.7 1,954.0 1,766.8 1,853.4 1.7 5.4
1999 1,811.5 1,972.0 1,769.0 1,859.0 2.4 6.1
2000 1,823.8 1,983.0 1,767.7 1,870.8 3.2 6.0
2001 1,788.6 1,955.0 1,762.1 1,860.8 1.5 5.1
2002 1,775.9 1,954.5 1,744.3 1,850.6 1.8 5.6
2003 1,745.1 1,949.3 1,734.0 1,844.4 0.6 5.7
2004 1,762.6 1,955.3 1,752.5 1,851.7 0.6 5.6
2005 1,777.3 1,955.9 1,738.1 1,850.6 2.3 5.7
Average 1,791.9 1,958.4 1,757.6 1,850.2 2.0 5.9

Notes: Calculations are mainly based on Labour Force Survey microdata for Canada and on Current Population Survey
microdata for the United States. Unadjusted hours are obtained by using the number of persons employed 15 years and over
as denominator while the adjusted hours worked are using the number of SNA jobs as denominator.

Source: Statistics Canada, Canadian Productivity Accounts.

In the CPA’s case, adjustment of hours can be summarized in four steps. An initial
adjustment entails neutralizing the effect of statutory holidays on the reference weeks by
adding the number of hours of absence to actual hours. Weekly hours are then standardized.
The next step is a linear interpolation of the number of standardized hours in the reference
weeks for the purpose of producing estimates for all weeks of the year. At the same time,
estimates of hours of absence relating to statutory holidays and certain specific vacations
that arise during the weeks other than the survey’s reference weeks are estimated from the
number of lost hours observed using the reference weeks for all jobs. These hours of absence
as well as those observed during the reference weeks are then subtracted from the estimate of
standardized hours. These adjustments give a better annual estimate of hours worked since the
hours actually lost because of statutory holidays (which occur every year) are systematically
deducted from the CPA database year after year.

The same type of adjustment also applies to certain vacation hours since in some provinces
the reference weeks coincide sporadically with vacations on fixed dates, such as those of
construction employees in Quebec and the school break for primary and secondary school
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teachers. A final adjustment is also made to take into account the fact that calen years do

not necessarily start on a Sunday and do not necessarily elmm a Saturday. Q
We applied similar adjustments to the data on hours worked from the nt Population

Survey. The information on hours of absence and the reasons for them th€Phad been captured
during the reference weeks were used to estimate hours lost wing to\gblic holidays that do

not appear during the survey’s reference week. We have also\adade an extensive use of the
U.S. time use survey to improve the estimation of hours lost dueép holidays. The time ys¢

Z

survey was used here to help derive U.S. estimates because the CPS ergncEWéel@(Y) ot
cover enough statutory holidays.

This series of adjustments eliminated the bias associated with specific events that affect
both the level and the trend for hours per job. In both Canada and the United States, this
series of adjustments reduced the level of average hours calculated solely on the basis of the
12 reference weeks. Table 62 contains series that show the impact of the adjustment of hours
worked for Canada and the United States.

In Canada, this adjustment resulted in a decrease in average hours of approximately 2%
per year over the period from 1994 to 2005, while in the United States the same type of
adjustment represents a 5.9% decrease. The more substantial decrease observed in the United
States comes from the fact that the Bureau of Labor Statistics statisticians chose the reference
week so as to minimize the presence of public holidays. This means that the comparison of
unadjusted hours worked from the household surveys of the two countries exaggerates the
difference in hours per job (and per person) between Canada and the United States.

It is useful to ask whether there is outside information on the reliability of our estimates of
the number of days lost that corrects for reference week bias. Without a weekly labour force
survey, the only way to validate our estimates is through information taken from Canada’s
labour legislation. Table 63 provides estimates of the number of days lost in relation to
the primary reasons for absence for Canada and the United States. These data reflect the
adjustments described above.

T6—-3 Number of days and hours of work lost by salaried employees, by reason,

in Canada and the United States, 2002

Reason Canada United States
Hours lost | Days lost Hours lost Days lost

Annual vacation 96 12.0 67 8.4
Public holidays 54 6.7 30 3.8
Temporary layoff 2 0.3 4 0.6
Illness or accident 34 4.2 26 3.3
Inclement weather 2 0.2 2 0.3
Family or personal responsibilities 10 1.2 10 1.3
Maternity 4 0.5 0 0.0
Other 4 0.5 32 4.0
Total 205 26 174 22

Notes: The number of days in this table is estimated on the assumption that a workday equals 7.5 hours per day. Labour Force
Survey and Current Population Survey hours of absence are compiled after adjustment for holidays and vacations.

Source: Statistics Canada, Canadian Productivity Accounts.
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Canada’s labour legislation requires a minimum of two weeks of Vacati@)er year.

An average of 12 days lost through vacation is therefore @irely reasonabléh\As for public _Q_)
holidays, the majority of full-time Canadian workers are @titled to eig ajor holidays. 5
Approximately one-quarter of the full-time workforce, largely in the rnment sector, is ]
entitled to a maximum of 11 statutory public holidays. Giveg\y%lar rcentage accounted Y
for by part-time work, seasonal work and essential services<{in health and security, for

<

example), an average of 6.7 days lost for this reason is acceptable. Wgn only full-time workgr§
are taken into consideration, the average number of hours lost thro agm;igcéi‘&n is
102.6 hours (13.7 days), while the equivalent figure for statutory holidays is 62 hdtrs lost, or
8.3 days. This suggests that our estimates are comparable to those enforced by the legislation.

In the United States, public holidays and vacations are not mandatory. This probably
explains why our adjusted estimates from the CPS show fewer hours lost than in Canada for
statutory public holidays and vacations. The same holds true for most other categories, except
for temporary layoffs and weather. However, it must be noted that the figure for the “Other”
category is eight times higher in the United States. This result could be an indication that the
data on causes of days lost for the United States are less accurate.

Measurement of population

For comparisons of gross domestic product (GDP) per capita or of hours worked per capita,
estimates of population are also required.

The notion of population and its derivatives, such as working-age population, which is
consistent in terms of GDP coverage, is resident population. This concept, which includes
the armed forces and persons in institutions, is consistent with GDP coverage — because this
indicator includes the activities of these groups when measuring the total value of economic
activity. It is this concept that is used in the official measure of GDP per capita published in
the National Accounts tables of both countries.

There is a different concept of the population that is used in labour force surveys — that of
the civilian non-institutional population, which excludes some who are considered not to be
relevant by analysts who are trying to estimate how well the economy is supplying jobs to its
population. This definition leaves out the young by choosing to look at those above a certain
age — 15 years and over in Canada and 16 years and over in the United States. In addition, the
military is left out for the anachronistic reason that these individuals are not considered to
be voluntarily participating in this labour market, which may have been true when military
drafts were common but is no longer the case in either Canada or the United States. Finally,
those who are in institutions (penitentiaries, long-term care hospitals) are omitted because of
the belief that these individuals cannot participate in labour markets.

Table 6—4 reconciles the two population measures. The differences, calculated as a
percentage of the resident population, are about the same.

While there are conceptual differences between the estimates of population that are
associated with the labour force surveys, there are also differences in accuracy. Population
estimates taken from different sources differ from one another — particularly in the United
States. Analysts need to take these differences into account when choosing a particular source.
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T6—-4 Reconciliation between the two concepts of worl?ﬂg-age population, 2
\

— .
Canada N | United States C@a as a percentage
{ United States

Thousands
Resident, total (P) 31,373\ 288%-1 10.9
Resident 15 years and over 25,547 O 227,344 11.2
Civilian non-institutional, 16 years and over (LFS and CPS) 24,797 ﬁ],g'() 114 \)(@
X
Difference 750 9927 ® L el
Difference as a percentage 3% 4%

... not applicable

Notes: Resident population and resident population 15 years and over come from CANSIM table 051-001 v466668 and
v466956 for Canada and from the U.S. Census Bureau for the United States. The civilian non-institutional population 16 years
and over comes from the Current Population Survey for the United States and from the Labour Force Survey (special aggregate
calculated by the Canadian Productivity Accounts) for Canada.

On the one hand are the estimates of population that are provided in both countries by the
census of population from a periodic (five-year intervals in Canada and ten-year intervals in
the United States) census. This is regarded as perhaps the most comprehensive and accurate
method of collecting data — though it is not without error. But these errors are carefully tracked
via post enumeration surveys. For the 1990 Census, the U.S. Census Bureau estimated that
the undercount was 1.6%.”° For the 2000 U.S. Census, the undercount was initially estimated
at about 1.2%,°! but this estimate was revised downward to -0.49%.°% In neither 1990 nor 2000
was the U.S. Census adjusted since it was felt the error in the Census was within the margin
of error that the post-enumeration estimates provided.”

But a population program also provides intercensal projections — using data on births,
deaths, immigration and emigration — to predict population changes in intercensal years.
And as pointed out previously, Canada and the United States have differed in the accuracy of
these projections in intercensal periods because of differences in the frequency with which
the census is taken (5 years in Canada but 10 years in the U.S.) and differences in the extent
to which there is unmeasured immigration in each country. Nardone et al., (2003) have
outlined the main reasons for the underestimation of population in the United States for the
intercensal estimates. The latter pertained primarily to immigration that appears to have
been greatly underestimated in the intercensal data between the 1990 and 2000 censuses.
The characteristics of this population are quite different from those of the original population.
Research has shown that the number of undocumented and temporary immigrants, large
numbers of whom are Hispanic or black, was considerably underestimated between 1990 and

% See http:/www.census.gov/main/www/cen1990.html.
o U.S., Census Monitoring Board (2001).
92 Robinson and Kostanich (2003).

% Stark (2002) argues that this is justified since the post-enumeration surveys that are used to estimate the size
of the census error themselves are subject to error that is about the same as their estimate of the census error.
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2000 (Nardone et al., 2003). But these intercensal estimates can be and are revisackward

after benchmarks become available from census years. I-Qvever, the exten&o which this 2
revision is made differs across U.S. sources. U > 5
W Q‘Q 1/)]
Accuracy of civilian non-institutional population estimates from 9
the Current Population Survey (CPS) as compared to resident populatior’ G 6-
240 = °—L—e—6“3")’°%

230 99,5%

99,0%

220

98,5%
210

98,0%

Millions

200
97,5%

190
97,0%

180 96,5%

170 96,0%

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

[ Resident population, I Civilian population, Ratio of CPS to census
16 years and over (census) (left scale) 16 years and over (CPS) (left scale) (right scale)

Sources: U.S. Census bureau and Current Population Survey.

The data on resident population that are published by the U.S. Census Bureau are quicker to
reflect all of the revisions deemed necessary to make methodological changes to these estimates
and do so in most cases without introducing any breaks in continuity. As can be seen from graph
6-3, which compares the estimate of the over 16 years resident population from the census
to the population estimate for this group published by the Current Population Survey (CPS),
the population estimates that are used by the CPS that are derived from the projections of the
population program are not revised backward completely after benchmark adjustments.

The figure shows the breaks that affected the CPS series in 2000 and 2003. In looking
at graph 6—4, which compares the same series for Canada, it can be seen that the population
aged 15 and up from the Labour Force Survey (LFS) is consistent with that from the post-
census estimates of population. The difference between the two arises from the fact that
the census is using the resident concept while the LFS is using the civilian non-institutional
concept and the fact that the ratio between the two remains constant indicates that the two
measures are generally fully reconciled in Canada.

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 - © OECD 2008



it Eq,

6. ON THE IMPORTANCE OF USING COMPARABLE LABOUR INPUT TO MAKE INTERNATIONA‘L 6MPARISON OF PRODUCTIV&@VELS - 131
m \ s ()

Accuracy of Canadian estimates of civilian non-institutional population O
from the Labour Force Survey (LFS) compared to resident population N\ G 6-4 ()]
—
27 000 100,0% J
26 000 99,5% ")w
99,09
25000 5 g’@
(]
£ 24000 t{}s
2 98,0%
= 23000
97,5%
22 000
97,0%
21000 96,5%
20 000 96,0%
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
[ Resident population, I Population, Ratio of LFS to Census

15 years and over (census) 15 years and over (LFS)

Notes: Resident population is derived from CANSIM series 051-0005; civilian population, 15 years and over comes from the Labour Force Survey
(special aggregate calculated by the Canadian Productivity Accounts) .
Source: Statistics Canada, Canadian Productivity Accounts.

Framework for reconciliation between alternative measures
The framework

This section quantifies the errors committed when alternate, easily accessible but non
comparable data sources are used in order to compare the sources of differences in GDP per
capita between Canada and the United States.

To analyse the impact of these alternate measures, we use a standard identity that
decomposes real GDP per capita into its constituent parts, namely labour productivity and
work intensity.

GDP GDP HRS EMP WAP
POP ~ HRS EMP WAP POP )
—_—
Labour productivity Work intensity
_ GDP HRS
" HRS POP

where GDP, POP, HRS, EMP and WAP represent, respectively, GDP expressed in
comparable currencies using purchasing power parities, population, number of hours,

number of jobs, and working-age population (the appropriate measures for these variables
EMP
and

EMP WAP
number of hours and the employment rate.

are discussed below). The ratios are referred to, respectively, as average
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To analyse more precisely some key factors of the standard of living, the w@intensity
variable is divided into three components — the number of @urs per job, the dumber of jobs ~
per member of the potential labour force and the potential @our force rela@ﬁo the overall 5

population. W (74} v
O < “
7/

Results based on three different alternatives

Table 65 presents the results of the decomposition of the Canad&l .S. difference in @ﬁ
per capita for the year 2000 using two inappropriate measures that have®edn qocsionally
used for Canada/U.S. comparisons. The first inappropriate measure (line 1) uses estimates of
labour input developed by the productivity program of each country to measure the growth
in labour productivity. Note that the primary objective of these programs is to estimate
productivity growth and not the level of productivity relative to other countries. The second
measure (line 2) uses data coming from the monthly household surveys of the two countries
— the Labour Force Survey (LFS) in Canada and the Current Population Survey (CPS) in the
United States. The third measure (line 3) makes use of the data on labour inputs generated
in the Statistics Canada project that developed comparable data to be used to estimate the
relative level of Canada — U.S. productivity.

T6-5 Reconciliation between the two concepts of working-age population, 2002

Source data GDP per Labour Work intensity | Work intensity components
capita productivity Hours worked Hours worked Job / population | Population aged
per capita per job aged 15 years 15 years and over
and over to population
1. CPA/BLS-PA -20 -14 -6 +1 -10 +3
2.LFS/CPS -20 -11 -9 -8 -5 +4
3. CPA project -20 -7 -13 -6 -10 +3

Notes: Differences are expressed in this study in logarithms to preserve their additivity. The three rows make use of different
source data. Measure #1 compares official data for the economy as a whole that are used to measure labour productivity growth
in the two countries. “CPA” is the acronym for the Canadian Productivity Accounts, while “BLS-PA” stands for Bureau of
Labor Statistics - Productivity Accounts. In measure #2, “LFS” refers to Canada’s Labour Force Survey and “CPS” stands for
Current Population Survey, the American equivalent. Measure #3 presents results derived from the project to compare produc-
tivity levels conducted by the Canadian Productivity Accounts (CPA).

Using the year 2000 as an example and the same GDP per capita measure for the three
sources of components, this study shows the crucial importance of using comparable measures
to make international comparison of levels. They were developed by harmonizing concepts
and coverage and by adjusting data to consider differences in collection methods and in data
accuracy. The appropriate comparison (line 3) that uses comparable data shows that labour
productivity contributes much less to GDP per capita differences than the two inappropriate
techniques.
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Measure #1: Problem with hours per job O

A )
The first inappropriate measure uses the levels of hours,worked and thgamber of jobs -5
derived from the official measures used to estimate lab(gf producti growth in both v
countries. Using this comparison, 70% of the 20% gap in grgs)s domQ"e product (GDP) per
capita in favour of the United States in 2000 can be attribute@o Canada’s weaker level of
labour productivity. The correct measure (line 3) indicates that o}y 35% of the gap is du¢
to lower labour productivity. o C ’(,\)

In general, both countries produce detailed estimates of the volume of h(!'u’rﬁorked by
estimating the number of jobs and the annual number of hours worked per job. The volume
of hours worked is obtained by multiplying these two elements.

The Canadian Productivity Accounts rely mainly on a household survey, the Labour
Force Survey (LFS), to estimate employment; in the United States, the starting point for
constructing these same estimates is an employer survey, the Current Employment Statistics
(CES). Given that this survey has only partial coverage (does not cover, for example, farms
and self-employed workers), the Current Population Survey (CPS) estimates are used to
complete the coverage. Our assessment is, that based on conceptual, coverage and accuracy
criteria, these two measures of employment are appropriate for comparing employment
levels between the two countries.

The problem with measure #1 arises because the estimates of hours per job are derived
from different types of surveys that in each country yield quite different estimates of hours
worked per job. The Canadian Productivity Accounts rely on hours actually worked collected
from a household survey — the LFS; on the other hand, the Bureau of Labor Statistics (BLS)
instead uses the hours paid collected from its survey of employers. Although the estimates
of hours paid are then converted by the BLS into hours worked by excluding hours of
paid leave (vacation, holidays, sick, etc.), these two approaches produce results that are not
comparable because household and employer surveys produce estimates that differ in a
systematic way.

As part of this project, the Canadian Productivity Accounts conducted a comparison
of the estimate of hours worked per job using household and employer surveys in each
country. The results from similar surveys were compared across countries (household
survey in Canada to household survey in the United States; employer survey in Canada to
employer survey in the United States).

In table 6—6, we compare hours worked per job obtained from household surveys with
those derived from employer surveys.

The comparison for household surveys made use of a similar methodology to adjust
these data for the bias associated with household surveys that do not take into account
statutory holidays when extrapolating data from a survey reference week to other weeks in
the month.
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T6-6 Comparison of estimated aggregations of hours by job according to

adjusted data from household surveys with thosederived from en@yer 9
surveys, annualized data, 2003 U /o )
Canada ited Stat < Difference G/
\gél\ Q\ (U.S.—Canada) (’)
A — Adjusted household surveys 1,734.0 \)1 ,844 .4 111 o
B — Employer surveys 1,601.3 l,m 8 114 \)(
Difference (A — B) 133 IJB' o | ~C X
... not applicable -

Notes: Estimates for Canada are based on data from the Labour Force Survey and the Survey of Employment, Payrolls and
Hours; for the United States, adjusted hours were compiled by the Canadian Productivity Accounts based on data from the
Current Population Survey while the estimates from the employer survey correspond to hours per job estimated by the Bureau
of Labor Statistics productivity program.

Source: Statistics Canada, Canadian Productivity Accounts.

For the United States, the employer survey data correspond to the estimate of hours worked
taken from the Bureau of Labor Statistics’ productivity growth program.” The starting point for
the Canadian estimates is data on hours paid for employees paid by the hour, including overtime,
combined with the number of hours that reflect the regular work week of workers receiving a
fixed annual salary as collected under the SEPH. To transform this data into hours worked, we
deducted paid hours of absence as determined by the LFS. Hours worked by workers not covered
by the SEPH, such as those in agriculture, religious organizations and private households as
well as all self-employed workers, also come from the LFS (see table 6-Al in attachment).

Table 6—6 shows that, for both countries, the data on hours worked derived from
employer surveys are lower than those calculated using the data from household surveys.
This underestimation is approximately 133 hours in Canada and 130 in the United States.
Hours worked derived from employer surveys are therefore not comparable to those obtained
from household surveys, at least for these two countries. This table also suggests the average
American works at least 100 hours more than the average Canadian (differences expressed
in the last column of the table), regardless of whether the comparisons are derived using the
household or the employer surveys. This demonstrates the direction and size of the error that
occurs when a household survey in Canada is compared to an employer survey in the United
States, as is done for measure #1.

There still remains the issue of whether hours worked for comparisons of levels should
be estimated from household or employer surveys. Various studies conducted in several
countries, including Canada and the United States, have compared the estimates of hours
worked collected from households using a daily survey of time use — in theory the best
approach for collecting this information — to the estimates derived both from employer and

%  These estimates are obtained by combining hours paid collected from the employer survey (Current

Employment Survey) with Current Population Survey hours worked data to fill the employees categories
and industries not covered by the CES. An annual compensation survey is also used to estimate the hours
paid not worked due to holidays, vacation, etc.
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labour force surveys. The estimates derived from the time-use surveys sugges@t labour
force surveys provide the most accurate estimates of hoursper job. Therefor®y these are the
estimates that have been adopted in our Canada/U.S. comp@'son. o)

This first example demonstrates that the source of the data on houi@worked per job is
especially important in order to attribute the origin of GDP\géi:aplQ‘differences to labour Y
productivity or to hours worked per capita. Comparing hours ed estimated from a survey
of employers to those obtained from a household survey has the p&wgsal to overestimate 4
impact of productivity gap on GDP per capita differences between €anaga Eld éhtlﬁn ed
States by about 8%.

Cule

Measure #2: Sources of labour intensity

The second inappropriate measure (line 2) compares the levels of the volume of hours
worked, the number of persons employed and the civilian population of working age outside
institutions obtained directly from household surveys in both countries. For this comparison,
the 20% difference in gross domestic product per capita in favour of the United States in
2000 is divided almost equally between labour productivity (-11%) and work intensity (-9%).
As was the case with measure #1, this one also attributes more importance to differences in
labour productivity than the estimate that our Canada/U.S. project yields (line 3).

The differences with our reference measure originate mainly, in this case, with the
absolute measures: the number of jobs and the working age population for the United States.

Although, at first glance, Canada’s Labour Force Survey (LFS) and the U.S. Current
Population Survey appear to provide fully comparable estimates, a more detailed analysis of
these two surveys reveals unsuspected and quite substantial differences due to data coverage.
These differences are enough to compromise use of these surveys for direct comparisons of
levels of jobs — though not for hours worked per job when comparable methodology is applied
to each survey.

While both countries use similar questionnaires, the statistical agencies on opposite sides
of the border do not have access to a similar method to calculate the survey frame. In Canada,
the demographic weights of the Labour Force Survey are recalibrated every five years using
a five-year census, while in the United States, this recalibration occurs only once every ten
years. In addition, Canada’s recalibration results in an historical revision of the LFS estimates
to eliminate any break in the series. In contrast, in the United States, this exercise leads to
significant breaks in the Current Population Survey (CPS) series, the most recent having
occurred in 2000 and 2003. (As discussed in Section 2.5).

Added to this statistical problem is the much higher proportion of undocumented
immigrants in the United States, whom Bureau of Labor Statistics” analysts suspect are
somewhat reluctant to respond to the CPS survey. On the other hand, legislation requires
employers to report all of their employees annually to unemployment insurance officials and
this approach appears to provide a better estimate of undocumented immigrants.

% See Nardone et al., “Examining the Discrepancy in Employment Growth between the CPS and the CES”,
FESAC, October 2003.
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In the United States, it is mandatory to have a social security number@order to
obtain a job. It is the data from this file that are used Qan annual ben ark for the
employer survey (Current Employment Survey [CES])y which wo explain why
exercises to reconcile the two surveys indicate a substantial \under-cou@ing of jobs in the
CPS compared to the CES. This problem was particularly d&eélt bagween 1996 and 2003. Y
Corrections made to the population estimate projection mo y the U.S. Census Bureau
have made it possible to narrow considerably the differences in b estimates between \gxé@
two surveys since 2003. |>' ® C"

As aresult, data from the U.S. household survey (CPS) frequently suffer }rbm a problem
of underestimating the levels of jobs and the working age population. Since it only partially
revises its series when benchmarking to the Census, this survey also experience breaks in its
historical series. These two problems make using job estimates from this survey inappropriate
for Canada—U.S. comparisons.

Cule

Measure #3: Reference measures from the Canada/U.S. project for comparing levels

Since the last historical revision of the National Accounts, the Canadian Productivity
Accounts (CPA) have developed a measure of the volume of hours worked that can be used to
measure both the growth and level of labour productivity. This is why Canadian estimates of
the volume of hours worked and the number of jobs in measure #3 correspond to the estimates
published by the CPA.

In their project to compare Canada—United States productivity levels, analysts with the
Canadian Productivity Accounts selected their U.S. data sources to be comparable with the
Canadian CPA data.

For several years, the Bureau of Labor Statistics’ productivity program has also produced
a level of employment that corresponds to the National Accounts concept, which covers the
entire American economy and represents the most reliable level of employment that can be
developed for that country. These are the estimates derived from their employer survey.

However, there is a problem of comparability with respect to hours per job as described
above. As part of the Canada/U.S. comparison project, analysts in the Canadian Productivity
Accounts produced estimates of hours worked per job using the Current Population Survey
and a similar methodology used for Canadian data to account for holiday bias. It is these
estimates that were used to compare the sources of differences in the level of gross domestic
product (GDP) per capita.

Lastly, the population estimates used in this article are based on the concept of resident
population. This concept is the one used in international GDP per capita comparisons. It is
also important to note that it is the U.S. Census Bureau that produces these estimates using a
revision procedure that avoids historical breaks.

Although there are differences in the methodologies used by the two countries to produce
hours worked estimates that enter into measures of the growth in productivity, as long as these
differences remain constant, the accuracy of comparisons of growth rates in the two countries
will not be greatly affected. However, these differences in methodology make comparisons of
productivity /evels more difficult and some care should be used in interpreting and using the
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data that have been used for comparisons of growth rates. In order to obtain m accurate

estimates of productivity levels in Canada relative to the alited States, eff%is needed to 9
harmonize data sources and methods. U > 5
v

8
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This section examines differences in labour productivity and{yvork intensity betweeQ@
Canada and the United States based on the Canada-US database devchped by the Céﬂ@&lhn
an e

Productivity Accounts.

Using the GDP per capita identity exposed in the previous section which shows that GDP
per capita (CAP) is equal to the product of labour productivity (GDP/HRS), effort (the hours

worked per job), and the per capita employment rate, (the ratio of the number of jobs to the
total population). Or rewriting

Canada/U.S. differences

GDPCAP = PROD* EFFORT * EMPRATE 3

The amount available for consumption per person in a country (GDPCAP) will be higher
when productivity (PROD) is higher, when employees work longer hours (EFFORT), and
when a larger proportion of the population is employed (EMPRATE). The variables EFFORT
and EMPRATE can also be grouped together in a variable called work intensity which
corresponds to the volume of hours worked per capita.

This comparison is accomplished for the total economy of both countries.”® Therefore,
it combines both the business and the government and non-profit sectors to obtain measures
of GDP.

Estimates of GDP for the total economy are taken from official estimates (Statistics
Canada’s System of National Accounts [SNA] and the National Income and Product
Accounts [NIPA] Tables of the United States Bureau of Economic Analysis). Both countries
generally adhere to the international standards embodied in the SNA (1993) manual (Baldwin
etal., 2005). While there are some minor differences, they are not regarded as a major problem
for Canada/U.S. comparisons at the level of the total economy.”’

For comparisons of GDP in Canada and the United States, a deflator must be chosen
to allow us to compare estimates of GDP that are produced in different currencies. For the
purpose of this paper, we use the bilateral purchasing power parity indices that are produced
by Statistics Canada to compare expenditures across these two countries (Temple, 2007). For

%  This means that the productivity estimates in this study also refer to the total economy. Statistics Canada

normally only produces productivity growth estimates for the business sector because the estimation procedure
followed by the National Accounts for the non-business sector (the non-market sector) essentially assumes that
productivity in that sector is zero. Cross-country comparisons of labour productivity for the total economy
therefore will be affected by the size of the non-market sector. If all countries follow the same assumption
of zero productivity in the non-market sector, those countries with larger non-market sectors will have lower
labour productivity because of statistical assumptions not because they are necessarily any less productive.

97 There are differences in specific industries that need to be considered when detailed comparisons are made

at the industry level.
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this paper, we make use of recently revised estimates.”® In our accompanying stu@ aldwin

et al., 2005), we examine the appropriateness of these data f@cross—country c arisons and _Q_)
conclude that this measure is somewhat imperfect and sugggst several varghts which tend 5
to increase the value of Canada’s labour productivity relative to that of t&ited States. For ]
simplicity, we make use of the traditional estimate here. Y

The ratios needed for Equation (3) are estimated for the per@ 1994 to 2005 and presented
in table 6-7. These include GDP per capita, labour productivity andgqrk intensity for Canadég
relative to the United States (U.S.=100). To analyse more precisely eﬁei_fa%?é e
standard of living, the work intensity variable is divided into three componentS— the number
of hours per job, the number of jobs per member of the potential labour force and the potential
labour force relative to the overall population.

The potential labour force is defined as those who are aged 15 years and over. While
it might be argued that the elderly should be excluded from this definition, it is difficult
to choose a particular age (i.e., 65 years old) when we arbitrarily designate individuals as
unemployable. Choosing a lower bound is facilitated by mandated education requirements.

Over the period, GDP per capita in Canada averaged only 83.2% of GDP per capita in the
United States (table 6—7). The output gap between the two countries was 16.8% of the U.S.
GDP per capita. But the gap between Canada and the United States in labour productivity was
much less — at only 7.8% of the U.S. productivity level. The difference in labour productivity
accounted for 45% of the total percentage point difference in the GDP per capita between the
two countries.”” That is, if work intensity was the same in the two countries, more than half
of the difference in GDP per capita would disappear.

When work intensity is decomposed into the three components mentioned above,
substantial differences between Canada and the United States exist in each of the two former
areas. Hours worked per job in Canada are only 95.1% of those in the United States and jobs
per potential member of the labour force are 92.4% of the United States.

The course of relative Canada/U.S. GDP per capita, labour productivity and hours worked
per capita over the period 1994 to 2005 is plotted in graph 6—5. Gross domestic product per
capita remained stable over the period around 83.2%. However, the period before 2000 differs
substantially from the period after 2000 in terms of the movement in the two components —
labour productivity and hours worked per capita.

Prior to 2000, both components — labour productivity and work intensity — are relatively
constant. Relative Canadian labour productivity is 93% of U.S. labour productivity and
relative Canadian hours worked per capita is 88%. During this time, lower hours worked in
Canada account for over two-thirds of the gap in GDP per capita.

In contrast, after 2000, productivity falls while work intensity rises dramatically. Relative
Canadian labour productivity decreased from 94.1% in 2000 to 89.0% in 2005. The Canada/
U.S. ratio of the number of hours worked per capita increased from 88.4% in 2000 to 94.7% in

<

% These purchasing power parity indices (PPPs) have been revised to take into account new data for the

government sector that the United States recently released.

% And as the accompanying paper (Baldwin et al., 2005) indicates, the actual difference in productivity levels

is probably less than the estimate used here.
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T6-7 Decomposition of GDP per capita: Canada relative to the United Sta@

(U.S.=100) a Po g
Years GDP per Labour Work Work intensity U @ J
capita productivity | intensity u\ P @ w

v
Hours worked per job | RatjeQf jobsx\ Ratio of population
popWadion aged 15 aged 15 years and over
years and’v‘er to population

£

1994 82.3 92.6 88.8 96.0 9.1 10L9 D
1995 83.1 93.9 88.6 96.3 90.1 ° L e(ﬁ()

1996 82.0 93.2 88.0 96.2 89.5 102.1

1997 81.4 93.2 87.3 95.6 89.3 102.3

1998 81.0 92.6 87.5 95.3 89.7 102.4

1999 81.6 92.2 88.5 95.2 90.6 102.7

2000 83.3 94.1 88.4 94.5 91.0 102.9

2001 84.3 94.0 89.7 94.7 91.9 103.1

2002 85.6 92.6 92.5 94.3 95.0 103.2

2003 85.1 90.3 94.2 94.0 96.9 103.4

2004 84.6 88.6 95.5 94.6 97.4 103.6

2005 84.3 89.0 94.7 93.9 97.0 104.0
Average sub-period

1994-1999 81.9 93.0 88.1 95.8 90.0 102.2
2000-2005 84.5 91.4 92.5 94.3 94.9 103.4
1994-2005 83.2 92.2 90.3 95.1 92.4 102.8

1. Canada as percentage of United States. United States = 100.

Source: Statistics Canada, Canadian Productivity Accounts.
Canadian gross domestic product per capita relative to the United States, 1994 to 2005 G 6-5

U.S.=1000

100

95 .................

R

85

80

75

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Mean

—— Relative Canadian GDP = Relative Canadian Relative Canadian
per capita labour productivity hours worked per capita

Notes: Calculated from Appendix 1, Tables A2 and A3.
Source: Statistics Canada, Canadian Productivity Accounts.
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2005. This was due mainly to an increase in the extent to which the Canadian e@omy was
providing jobs for its population. The Canada/U.S. ratio of@e number of jobgwyorked by the
population aged 15 years and over increased from 91.0% tq 97.0% over th e period. By

2005, most of the gap in GDP per capita now comes from th\e)§ap in lab@ds productivity, not

the gap in work intensity. O Y

<

Cule

Conclusion (& <
What are the sources of the difference of real gross domestic product ((b'P) perE_ap' aéeﬁs)?en
Canada and the United States? To what extent do labour productivity and workK intensity (the
number of hours worked per person) contribute to the gap in the level of real GDP per capita
between the two economies?

Answering these questions involves an empirical exercise that seems simple since
it depends only on a small number of variables — GDP, population, employment, hours,
etc. — that have been published on a regular basis since World War II by most statistical
agencies.

In reality, the answer to these questions is more complex than it appears. Statistical
agencies produce different variants of these primary indicators of economic activity for
different purposes. An analyst who focuses on international comparisons needs to ask which
statistic is best suited for this purpose and whether adjustments are necessary to improve their
comparability.

There are several criteria that need to be used when choosing among alternatives when
measures of work effort are being used for cross-country comparisons of labour productivity
or work intensity.

First, the variable should have the correct coverage — that is, it should correspond as
closely as possible to the production boundaries used in the System of National Accounts to
calculate gross national product since the latter is the numerator used both to calculate GDP
per capita or GDP per hour worked. Some measures of employment do not capture all sectors
of the economy. Some measures of population exclude members of the military whose wages
are included in GDP. Measures of employment need to be made comprehensive with respect
to sectors and groups covered.

Second, the variable should be able to measure the correct concept. A measure of hours
worked must be able to capture all hours devoted to production. Sometimes hours paid but
not worked are included in data sources and this should be excluded from this measure.
Sometimes hours worked but not paid (i.e., unpaid overtime) are excluded in data sources and
these need to be included.

Third, measures should be as accurate as possible in terms of levels. For the purposes of
estimating growth rates of labour input, the accuracy of levels is less important — as long as
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the error rate remains relatively constant over time. But for comparing emplo@nt levels
across countries for purposes of estimating productivity le@s the analyst nepdds to consider _Q_)
whether the available estimates differ in terms of levels. I both Cana d the United 5
States, household surveys provide higher estimates of ho \gﬁ worked @r person than do ]
firm-based surveys. International comparisons that choose feren urces can therefore Y
be biased.

@

Fourth, estimates of levels need to ask whether there is corroboral?Ve Wldﬁb ét@tﬁ%s
substantiate or triangulate the results. Are there other sources that help us substantiate the
differences?

This paper describe how estimates of Canadian and U.S. hours worked, employment and
population were developed for purposes of estimating relative levels of GDP per capita, GDP
per hour worked and hours worked per capita that meet these four criteria. At the same time,
it also examines shortcomings in some measures that are commonly used for Canada/U.S.
comparisons — shortcomings with respect to coverage, concept or accuracy.

The paper demonstrates that these imperfect measures can lead to incorrect conclusions
about the causes of the gap in GDP per capita between Canada and the United States. The
appropriate measures developed here indicate that, as of 2000, only about one-third of the
gap is attributed to lower productivity in Canada (lower GDP per hour worked) and about
two-thirds to lower work intensity (lower hours worked per capita). This is quite different
from some commonly used alternate measures — those labour measures that are used in the
productivity growth programs of Statistics Canada and the Bureau of Labor Statistics. Other
alternative measures are available — such as the data on hours worked from the labour force
surveys. These contain problems that cancel out in some situations but not in others. While
the proportion that should be attributed to labour productivity as opposed to work intensity
changes over time (by 2005, a larger proportion is due to labour productivity), the lesson to
be learned from our explorations is that it is important to make use of comparable data if the
correct assessments are to be made over long periods.

International comparisons of labour productivity tend to emphasize data problems. But
they have traditionally focused on comparability of GDP or capital — where problems are well
known. The size of the problems that are involved in developing comparable estimates of
labour inputs often receive less attention.

This paper focuses on two countries whose statistical systems are relatively similar — but
where nevertheless there are sufficient differences to create problems if estimates of labour
inputs are not carefully chosen to provide comparability in terms of coverage, concept and
accuracy. The size of the error that would be made if comparability is ignored emphasizes
the need to give careful attention to measurement issues on the labour side for cross-
country comparisons of labour inputs, labour intensity and estimates of labour productivity
differences.
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Appendix O U

T6—-Al Estimate of hours worked based on hours pai wm the Survgbg 3
Employment, Payrolls and Hours (SEPH), 200 v

| Hours by ]ob (\| Jobs ( | Hours worked 0)

Employees paid by the hour SEPH 1,461.3 ~ 7,318,397 10,694,090 @,

Salaried workers with regular schedules SEPH 1,710.1 (4 97,410 7,348.,8

Other categories of salaried workers SEPH and LFS1 1,739.2 1,613,307 L é8@§83

Agriculture LFS 2,244.8 142,821 320,611

Hunting and fishing LFS 1,744.4 8,338 14,545

Religious organizations LES 1,547.4 100,020 154,769

Private households LES 1,295.2 193,236 250,273

Self-employed workers LES 1,799.9 1,540,903 2,773,468

Total 1,601.3 15,214,431 24,362,400

1. The volume of hours worked for the other categories of salaried workers are not collected by SEPH. They were estimated by
multiplying these jobs by industry from SEPH by the respective hours worked per job from LFS.
Source: authors’ calculation.

Source: Statistics Canada, special tabulations by the Canadian Productivity Accounts based on estimates from the Survey of
Employment, Payrolls and Hours, and the Labour Force Survey.

T6—-A2 Canadian data for productivity level estimates

Years GDP, millions GDP adjusted to Hours worked Jobs Population aged | Population

of dollars PPPs, millions of (thousands) (thousands) | 15 years and over| (thousands)

dollars (thousands)

1994 770,873 640,595 23,626,206 13,407 23,041 28,999
1995 810,426 675,895 23,985,703 13,620 23,329 29,302
1996 836,864 703,803 24,419,755 13,764 23,625 29,611
1997 882,733 740,613 24,787,390 14,025 23,930 29,907
1998 914,973 774,067 25,336,204 14,340 24,199 30,157
1999 982,441 823,286 26,037,717 14,719 24,485 30,404
2000 1,076,577 888,176 26,600,886 15,052 24,805 30,689
2001 1,108,048 928,544 26,791,467 15,204 25,167 31,021
2002 1,152,905 975,358 27,181,228 15,583 25,547 31,373
2003 1,213,408 1,014,409 27,593,613 15,913 25,884 31,669
2004 1,290,788 1,077,808 28,377,150 16,193 26,233 31,974
2005 1,371,425 1,142397 28,607,286 16,459 26,585 32,271

Source: Statistics Canada, Canadian Productivity Accounts.
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T6—-A3 United States data for productivity level estimartgs O
Years GDP, PPPs Hours worked Jobe— Populatlon a Population 2
millions of dollars (USS$ per CANS) | (thousands) (thqusdnds) | 15 years ver | (thousands) J

. (thousz@} w
1994 7,072,200 0.831 241616008 13675 295323 263455
1995 7,397,700 0.834 246406214 134'@ 208007 266588
1996 7,816,900 0.841 252829892 137101 210690 269714 (@
1997 8,304,300 0.839 259150256 140165 13560 27 58)
1998 8,747,000 0.846 265032245 143001 216374L e §6 154
1999 9,268,400 0.838 270,372,149 145,436 219,085 279,328
2000 9,817,000 0.825 276,863,193 147,993 221,891 282,429
2001 10,128,000 0.838 274,748,578 147,652 224,610 285,371
2002 10,469,600 0.846 270,105,128 145,955 227,344 288,253
2003 10,960,800 0.836 269,193,074 145,948 230,072 291,114
2004 11,712,500 0.835 273,292,625 147,591 232,864 293,933
2005 12,455,800 0.833 277,647,909 150,034 234,960 296,677

Source: Statistics Canada, Canadian Productivity Accounts, from data produced by the Bureau of Labor Statistics, the Bureau
of Economic Analysis and the U.S. Census Bureau.
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By Kamilla Heurlén and Henrik Sejerbo Sefgnsen, 4
Statistics Denmark
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Introduction

Inrecent years more attention has been focused on empirical analyses of economic performance.
As a consequence of this compilation of productivity growth and productivity levels has been
common. These estimations are conducted by a number of different organisations, agencies,
institutions, et cetera, but productivity estimates are often based on different data materials,
depending on the researcher’s choice.

The data material is of growing importance for politicians, analysers, because more
accurate estimates can improve their rate of successful decisions. OECD has a precise
description of why accurate estimates of productivity are of significant importance in their
latest international comparisons of labour productivity levels:

International comparisons of productivity growth can give useful insights in the growth
process, but should ideally be complemented with international comparisons of income and
productivity levels. An examination of income and productivity levels may give insights into
the possible scope for further gains, and also places a country’s growth experience in the
perspective of its current level of income and productivity.'*

Because labour productivity growth rates/level serve as official yardsticks of economic
performance, it is unfortunate that significant variations of the basis for the estimates are seen.
At national level the choice of data and methodology differ from researcher to researcher and
when there are considerable variations in national estimates international comparisons are
even more difficult.

Especially international organisations, such as Eurostat and OECD, are aware of the
problem and put a lot of efforts into the case to minimize the disparities, resulting from
different choices of data, methodology, et cetera.

At national level it is often seen that, for instance, statistical agencies compile several
estimates of employment and working hours. Especially, statistical offices publish employment
and working hours on a regular basis in their labour accounts, but they are also obliged to
publish these data within a national account framework. The latter data material is superior
to the first in a productivity analysis perspective because of the harmonisation of definitions
between numerator and denominator in the productivity fraction.

100 OECD (2005), page 3
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Compilation of productivity measures requires two sets of data — three if @'national
comparisons are made — GDP, hours worked and purchasiglpower parities fdinternational _Q_)
comparisons. Definitions of the first and the latter are well covered within t A 1993/ESA
1995 standards compared to working hours where only a lim%umber @ countries compile

146 - 7. LABOUR PRODUCTIVITY BASED ON INTEGRATED LABOUR ACCOUNTS 1 6

hours worked which are consistent with SNA 1993/ESA 1995 definithTs. Because a chain is
not stronger than its weakest link — resources for future improvsments should be concentrated
on this subject to improve harmonization of data. (& <

Even in countries where working hours are compiled in the labOLl?Torge tati%ti@ ﬁﬁl)in
the national accounts there is a lack of documentation of the disparities between the two sets
of data.

The aim of this paper is to give insight into why the two sets of statistics on Danish
working hours differ and look at the problem from an empirical point of view for the purpose
of clarifying whether Danish productivity results are sensitive to the choice of statistics on
working hours.

It is important to emphasize that though National Accounts working hours are preferred
in productivity analyses, it does not mean that Working Time Accounts are inferior. The two
datasets serve different purposes and Working Time Accounts are an indispensable source
for the National Accounts compilation and for many other purposes.

The paper is organized as follows:

Firstly, the paper presents in the next chapter the two data sets of working hours published
by Statistics Denmark and explains why and in which industries disparities occur. The
Working Time Accounts are presented in a preliminary version.

<

Secondly, compilation productivity growth rates and levels for Denmark based on labour
accounts and national accounts working hours are made in the third chapter. The two sets of
data will be compared at both aggregate and industry level and disparities will be quantified
and briefly discussed.

Thirdly, in the fourth chapter, the implications at national level are discussed briefly, while
the focus is on comparisons of labour productivity at both the national and international level.

Hours worked in the Working Time Accounts and in the National Accounts

Integration of the Working Time Accounts (WTA or also referred to as labour accounts) in
the Danish National Accounts (NA) was implemented and published in January 2003 with
final compilations of the year 1999 and provisional years 2000—-2001. At Statistics Denmark
the WTA are prepared by the Division for Labour Market Statistics.

Because of the variety of data sources, their use of concepts for variables as hours
worked, the methodology applied in compilation of the WTA in Denmark has been subject
to revisions and improvements. After a major revision of the first version of the WTA from
December 1998 the second version was published in October 2003. Further refinements and
use of alternative data sources resulted in a revised — not yet published — version of the WTA

PRODUCTIVITY MEASUREMENT AND ANALYSIS — ISBN 978-92-64-04455-5 — © OECD 2008



it E g,
7. LABOUR PRODUCTIVITY B@s@ ON INTEGRATED LABOUR{X@?UNTS - 147
K 2
© N .
in June 2005. Linked with a data revision of the Danish NA the latter version of tl@J A was
integrated in the NA for the entire period 1995-2004 and }ﬁlished in July 2@.

9
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The Working Time Accounts (74}

The Danish Working Time Accounts (WTA) compile hourgrgctually worked and related &
variables, which are based on integration of a range of primQ sfatistical data. The use ofg,
administrative data sources (in which concepts may differ from t sired though usya
covering the full population) and household surveys (which are flexible butcoftlyge @I%Guct)
is optimized. A particularly difficult issue to address is the question of reference period.
The integration of data sources in the WTA implies steps of harmonisation, completion,
reconciliation and balancing'®.

Data sources applied in the WTA to compile employment, jobs, hours worked and
compensation of employees can roughly be listed as the following:
* Register based labour force statistics (RAS)

»  Establishment Related Employment Statistics (ERE)

* Earnings Statistics for the private sector and on central and local government employees
* Reports on payments of income tax (MIA)

* Labour Force Survey (LFS)

* ATP labour employment statistics (based on mandatory payments for a supplementary
pension scheme)

* Indicators for aggregate payroll costs based on labour market contributions for
employees

The WTA aims at coherence with SNA 1993 and ESA 1995 definitions. With respect to
specific issues, the WTA, nevertheless, differs from the compilation of, e.g. hours worked in
the National Accounts.

The National Accounts

The specific issues in which the WTA differs from the National Accounts can be divided into
two types, where a distinction is made between issues that remain neutral on the aggregated
variable and issues resulting in a change of level.

The neutral adjustments made are typically a result of relocating activity from one
industry to another due to relocation of economic activity in the functional part of the NA.
Further descriptions of these adjustments are made in a further section.

The level-changing corrections are made:

1. when alternative sources are preferred to the WTA, which is the case in a limited

number of specific industries, and

0 Naur (2004)
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2. as a explicit supplement to the labour input, where this is not included in th A, such
as non-residents working within the production bour@uy and undergr@d activity
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are done due to dissatisfaction or mistakes in the WTA. reviNOns should been seen Y
as implementations of an additional source (the National Acceunts) and another conceptual e
framework (SNA 1993 and ESA 1995 definitions). (&

It is important to emphasize that neither the level—neutr%R%or level-c@@nging corrections

b

From Working Time Accounts to National Accounts — The Danish case

<
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The transition from the WTA to the NA is illustrated in table 7-1. It is chosen to present the
transition regarding employment and not hours worked, due to the actual method applied
in the Danish NA, where hours worked is the result of NA-employment multiplied by the
average hours worked per employee or per self-employed as compiled in the WTA.

Corrections number 2, 3, 5 and 7-10 are neutral definable corrections made according to
the ESA 1995. These corrections can be described as relocations either between industries or
between types (employee/self-employed) and the all remain neutral on the total.

The corrections made in number 6 and 12—15 are definable corrections made accordin