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Productivity Measurement and Analysis

Introduction

There are many different productivity measures for different purposes and policy makers 
and other users are not always aware of the conceptual and empirical reasons for differences 
between them measures. Productivity is a key indicator in the assessment of economic 
performance and a growing number of statistical offi ces 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 specifi c 
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)1. 

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 workshops2

organized by the Statistics Directorate and the Directorate for Science, Technology and 
Industry of the OECD. The fi rst 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 Offi ce 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 offi ces, 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 fi ve 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 fi rst chapter provides an overview of productivity growth and innovation illustrated by 
an analysis for Spain and Switzerland. The fi rst measurement issue addressed in the book, 
notably in chapters two and three, concerns the measure of labour input. Despite signifi cant 
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 chapter two. Furthermore, labour input contributions to economic growth may 

1 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 changes in labour 
composition over time. Chapter three presents different labour input measures adjusted for 
changes in skills, educational attainment and labour market experience. The results underline 
the infl uence of changes in human capital on the contribution of labour input to economic 
growth. The fourth chapter deals with different perspectives on capital input measurement 
and chapter fi ve presents a selection of country experiences in the measurement of industry-
level multi-factor productivity. 

Chapter 1: Productivity growth and innovation: the case of Spain and Switzerland

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 infl uences of favourable conditions in the capacity to benefi t 
from emerging technical fi elds 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 infl uence of ICT on MFP growth in 
Spain, at the aggregate and at the industry level. Gregory Rais and Pierre Sollberger (Swiss 
Federal Bureau of Statistics) present the methodology adopted by the Swiss Federal Bureau 
of Statistics for MFP measurement. Jan-Egbert Sturm (Swiss Institute for Business Cycle 
Research) examines to what extent different types of fi rm level innovations affect labour 
productivity of fi rms in Switzerland. 

Chapter 2: The measurement of labour input

In chapter 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 Sørensen and Kamilla Heulen (Statistics Denmark) use Danish data to assess the 
infl uence 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. 

Chapter 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 
differences between unadjusted and adjusted time profi les of labour input. Papers presented 
in this chapter also raise the issue of international comparability of such adjustments. Wim 
Haine and Andrew Karutin (European Central Bank), as well as Lucy Eldridge, Marilyn 
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Manser and Phyllis Otto (U.S. Bureau of Labour Statistics) remark that un-weighted hours 
worked is an incomplete measure of labour input because it does not account for differences 
in educational attainment, skills and experience between workers. Antonella Baldassarini 
and Nadia Di Veroli (ISTAT) present both a detailed description of the method for estimating 
hours actually worked and evidence of changes in labour quality. Guido Schwerdt and 
Jarkko Turunen (European Central Bank) observe that the increase of labour 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. 

Chapter 4: The measurement of capital input

This chapter 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 (Offi ce for National Statistics) presents a fi rst 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 defl ators, 
estimation of depreciation rates); and then proposes a fi rst 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 defi nition 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 signifi cantly 
across countries, and it is not always clear whether such differences refl ect economic reality or 
differences in statisticians’ assumptions. Massimiliano Iommi and Cecilia Jona-Lasinio’sand Cecilia Jona-Lasinio’sand
(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-effi ciency profi les in 
the calculation of productive capital stock. 

Chapter 5: The Measurement of industry level multi-factor productivity

A growing number of OECD member countries are involved in MFP measurement and 
chapter fi ve presents experimental results on industry-level MFP measures which show 
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that they are feasible but fraught with measurement issues. Recurring issues are the output 
measurement in service industries, the availability of capital data by type of asset and by 
industry and the choice of the rate of return for capital services by industry. Bert Balk, 
Dirk van den Bergen, Myriam van Rooijen-Horsten and Mark de Haan’s paper (Statistics 
Netherlands) presents the experience of Statistics Netherlands in industry-level 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. Carl Obst and 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, Björn 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, Bongchan Ha and Keun Hee Rhee’s paper (Seoul National University, 
Korea Institute for Industrial Economics and Technology, Korean Productivity Center) 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 effi ciency 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 Group3, 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 defi nitions.

– Measures of labour composition: hours worked constitutes an incomplete measure as 
input for productivity and several countries already started to develop adjusted labour input 
measures. OECD should develop measures of labour composition to harmonize adjustments 
across countries and to improve international comparability of hours worked. 

3 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. 
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– Build a general framework or guidelines for best practices on capital input measures: 
OECD should provide guidance on standard use of user costs in the computation of capital 
services. Greater harmonisation of approaches and international comparisons of the 
assumptions underlying measures of depreciation and capital are important and OECD should 
also derive standard measures of depreciation and net capital stock. 

– Innovation and productivity: the planned capitalization of Research and Development 
(R&D) in the national accounts raises a number of practical issues about their measurement, 
in particular their defl ation 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 offi ces 
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. 

– Defi nition of business sector: several notions of ‘business sector’ exist that are not 
necessarily compatible with each other. A better common understanding about the defi nition 
and calculation of business sector productivity would be helpful. OECD should draft a 
Working Paper discussing an activity based defi nition 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-defi ned 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 confi dence 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.

– Communication: communication at the national and international level is therefore 
important so as to be clear what measures mean and why national and international measures 
may differ. 
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– Productivity of non-market producers: many countries attach high priority to better 
measurement of the productivity, outputs and inputs of non-market producers. This responds 
directly to analytical and policy requirements as well as to a forthcoming EU Regulation. 
The OECD Statistics Committee has also endorsed work in this area and the OECD National 
Accounts and Financial Statistics Division and the OECD Structural Economic Statistics 
Division are advancing the subject matter, in particular with regard to health and education 
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 fi rm demography impacts on growth in aggregate productivity, even if this impact may 
vary across countries. Size of fi rm, entry and exit of fi rms and survival appear to be important 
dimensions in productivity analysis as fi rm turnover accounts increasingly in the process of 
reallocation of resources. The OECD should be involved in the assessment of the infl uence of 
fi rm dynamics and business environment conditions on productivity growth. 
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1. OECD Workshops on Productivity Analysis and Measurement: 
Conclusions and Future Directions

By Erwin Diewert,4,
The University of British Columbia.

Introduction

In the section below, we discuss the role of economic theory in providing solutions to some of 
the diffi cult problems that arise in the measurement of productivity.5

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,6 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 specifi cation 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 

4 This note is an extended written version of my Panel Discussion at the fi nal session of the OECD Workshop 
on Productivity Analysis and Measurement organized jointly with the Swiss Federal Statistical Offi ce and 
the State Secretary for Economic Affairs of Switzerland held in Bern, October 16–18, 2006. The fi nancial 
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. 

5 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.

6 See van den Bergen, van Rooijen-Horsten, de Haan and Balk (2006).
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prefer to select an index formula on the basis of its properties.” Dirk van den Bergen, Myriam 
van Rooijen-Horsten, Mark de Haan and Bert M. Balk (2006; 3). 

Balk is quite correct to criticize the standard growth accounting methodology, since 
as he pointed out several years ago7as he pointed out several years ago7as he pointed out several years ago , this methodology attributes all productivity growth 
to (disembodied) technical change and neglects the roles of improvements in technical 
and allocative effi ciency, nonconstant returns to scale and R&D investments that lead to 
monopolistic behavior on the part of producers. However, I think it would be incorrect to jump 
to the conclusion that the economic approach to productivity measurement is irrelevant and 
useless.8 It seems to me that the economic approach to productivity measurement should 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.9

It may appear at fi rst 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 offi ce buildings and then rent 
or lease building services from the private sector, then the rents that the government will pay 
for offi ce 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.10 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.11

7 See Balk (1998) (2003).
8 It should be noted that Balk did not jump to this conclusion in his presentation!
9 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 
specifi cations, leading to different estimates for the key parameters in the model.

10 Mas (2006) also discusses these issues.
11 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 measurement problems 
that were discussed at this conference (or that perhaps that should have been discussed). 
Economic theory will generally be useful in providing some guidance on how to resolve these 
measurement problems.12

Theoretical Issues in the Measurement of Productivity

We will list some 12 important measurement issues that arise in measuring the productivity 
growth of a production unit (i.e., of a fi rm, industry or entire economy) in sections 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.13 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.14 However, Pitzer (2004), Diewert (2005b) 
and Parham (2006)15 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 
fi xed 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 

12 Jack Triplett has made this point repeatedly over the years.
13 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.

14 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).

15 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.



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

14 – CONCLUSIONS AND FUTURE DIRECTIONS

and services (process versus product innovation). In either case, the R&D “asset” is not like 
a “normal” reproducible capital asset that depreciates with use. The expenditures incurred 
in creating the R&D asset are sunk costs and they have no resale value as is the case with 
a purchase of a reproducible asset. However, a successful private sector R&D venture has 
created a new product or process that will give rise to a stream of profi ts in future periods. 
In many cases, the new technology can be licensed and the rights to use the new technology 
can be sold. Thus in the case of successful private R&D ventures, a new asset has been 
created: the rights to a (monopoly) stream of future incremental revenues. However, once 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 profi ts over time. Note that the effects of these factors, which 
reduce the value of the R&D asset over time, are diffi cult to forecast.16”

“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 fi rst • cost asset is the cumulated costs of the R&D project andcost asset is the cumulated costs of the R&D project andcost asset

The second • revenue asset is the discounted value of the incremental profi ts that the R&D revenue asset is the discounted value of the incremental profi ts that the R&D revenue asset
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.17”

“As defi ned above, the cost and revenue assets are defi ned in terms of nominal dollars. It 
is relatively straightforward to obtain a constant dollar counterpart to the nominal cost asset, 
provided that defl ators are available for the important components of nominal expenditures 
on R&D projects, such as scientifi c 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 defl ate the current expected discounted profi ts estimate by a 
current general index of infl ation.18”

“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 

16 Many of these points (and more) were made in Bernstein (2002).
17 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.

18 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 defl ator. The GDP defl ator 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 defl ator; 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 occur. This point 
of view is defensible, particularly for unsuccessful R&D ventures. However, for successful 
R&D ventures, it could be argued that it is “unfair” to write down current period income by 
these expenditures since these expenditures will eventually be recovered in future periods 
as the project’s incremental revenues pour in to the fi rm. Hence, from this point of view, it 
makes sense to capitalize these R&D expenditures into an “asset” and depreciate this “asset” 
in a proportional manner to the future period incremental revenues. From this point of view, 
the problem is to determine how to allocate the cumulated cost of an R&D project over future 
periods. This accounting problem has a different character than the usual problems 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,matching current costs with future expected revenues,matching 19 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 identifi able revenue streams; rather they may 
simply lead to valuable new products that are manufactured and sold at cost. Thus the 
benefi ts of some R&D expenditures may simply show up as increases in utility (which are 
extremely diffi cult to measure) rather than as a stream of monopoly profi ts.

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

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.20

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.

19 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). 

20 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 conference was the question of what 
is the theoretically best measure of productivity; i.e., should we use a gross output formulation 
where gross output growth is in the numerator of the productivity measure and an aggregate 
of intermediate input plus labour input plus capital services input is in the denominator of 
the productivity measure or should we use a value added formulation where the output in the 
numerator is an aggregate of gross output less intermediate inputs used and the denominator 
is an aggregate of labour and capital services? Diewert and Lawrence (2006) favored 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 
depreciation21 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.22

There is a general feeling that economic theory favors the gross output defi nition 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.23 However, if we 
use the approach to productivity measurement suggested by Diewert and Morrison (1986) and 
Kohli (1990)24, 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 restrictive25 and in particular, no separability assumptions are 

21 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 infl ation was equal to the CPI infl ation 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 diffi cult 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). 

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

23 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.

25 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 theory, which 
states that under price taking behavior and constant returns to scale convex technology, the 
primal technology sets St can be equally well described by dual (net) revenue functions gt can be equally well described by dual (net) revenue functions gt t(p,x), 
where p is a gross or net output price vector and x is an input quantity vector.26 However, the 
(positive) fact that all three of these translog approaches to productivity measurement do not 
make any separability assumptions is balanced by a bit of a negative factor and that is the fact 
that only the geometric mean of two very particular productivity indexes can be identifi ed 
empirically using this approach.27 I do not fi nd this limitation to be particularly troublesome 
but others may disagree. 

Given that all three approaches to productivity measurement do not differ in the restrictiveness 
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 fi rm or industry, then perhaps 
the gross output formulation is most suitable since it will be easier to explain to users.28

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.29

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 defi nitely be positive for the two periods being compared.

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

27 Referring to Diewert and Lawrence (2006; 6), the two particular productivity indexes, τ
L

t and t and t τ
P

t that are t that are t

singled out are the Laspeyres type measure that uses the (gross or net) output prices of period t−1, pt−1, 
and the input vector of period t−1, xt−1, as reference vectors, τ

L
t ≡ gt(pt−1,xt−1)/gt−1(pt−1,xt−1), and the Paasche 

type measure that uses the (gross or net) output prices of period t, pt, and the input vector of period t, xt, as 
reference vectors, τ

P
t ≡ gt(pt,xt)/gt−1(pt,xt). The Diewert-Morrison-Kohli translog approach to productivity 

measurement can only empirically estimate (using index numbers) the geometric mean τtτtτ ≡ [τ [τ [
L

tτtτt
P

t]1/2 of 
these two theoretical productivity indexes. The defi nition 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).

28 However, the other two approaches are equally valid from the viewpoint of theoretical restrictiveness. 
29 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 TFP where 
we use gross domestic product as the output aggregate versus the net value added approach 
to TFP where we treat depreciation as an intermediate input and hence the output aggregate 
is gross output less traditional intermediate inputs less depreciation? Diewert and Lawrence 
(2006) clearly preferred the net value added approach because their purpose was to explain 
the contribution of TFP improvements to the growth in living standards; i.e., they followed 
Rymes (1968) (1983) in treating depreciation as an offset to gross investment so that 
depreciation charges no longer appeared as “income” to households. Thus the depreciation 
term was moved from the primary input category (where it appears as part of user cost 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).30 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.

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.31 Much of the early literature took a household point of view but Diewert and Morrison 
(1986), following the example of Kohli (1978) (1991)32, who observed that most international 
trade fl ows 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 fl ow 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 

30 Diewert and Lawrence’s (2006) approach to the construction of user costs was somewhat simplifi ed 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 (2006). 

31 See Diewert and Morrison (1986) for references to this early literature.
32 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 this topic (and 
the paper by Diewert, Mizobuchi and Nomura (2005) who took a similar approach using 
Japanese data rather than Australian data), see Morrison and Diewert (1990), Kohli (1990) 
(2003) (2004a) (2004b) (2006a) (2006b) and Fox and Kohli (1998). The approaches suggested 
in these papers, while being broadly comparable, differ somewhat in their details.33 Since 
most of the papers in this area are relatively recent, a consensus on which approach is “best” 
has not yet emerged. It may be useful to have a review paper on this topic that would list the 
advantages and disadvantages of each approach.

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 fi ne 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.34 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 incorrect35 but we need some additional 

33 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+I) whereas Diewert and Lawrence (and Diewert, Mizobuchi and 
Nomura (2005)) divide prices by the price of domestic household consumption C.

34 Diewert (1980; 484–485) made this argument many years ago.
35 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 precisely what the contribution of public 
infrastructure investments is to private sector productivity growth in a growth accounting 
framework.

Pricing Concepts for Outputs and the Treatment of Indirect Taxes

The growth accounting framework for the private sector originally developed by Solow (1957) 
and Jorgenson and Griliches (1967) (1972) relied on the assumption of competitive price 
taking behavior on the part of producers. In Solow (1957) and Jorgenson and Griliches (1967), 
outputs were priced at fi nal 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 benefi t 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 fi rm, indirect taxes that fall on the outputs of the fi rm 
should be excluded from the output prices facing the fi rm, since the fi rm derives no revenue 
from these indirect tax wedges.36 However, indirect taxes that fall on the intermediate (and 
primary) inputs used by the fi rm are actual costs to the fi rm and hence should be included 
in the corresponding prices of the intermediate inputs. Thus when we apply the growth 
accounting framework to an individual fi rm, 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 fi rm, the treatment of indirect taxes is relatively 
straightforward in the growth accounting framework. However, some problems emerge when 
we aggregate over fi rms and we apply the growth accounting framework to the entire private 
sector. When we aggregate over fi rms or sectors of the economy in the growth accounting 
framework in order to form national estimates of fi nal demand output, intermediate input 
transactions cancel out, except for the indirect taxes that fall on intermediate inputs; i.e., a 
fi rm producing an intermediate input gets only the before tax revenue for the output but the 
using fi rm has to pay this price plus the indirect tax and so aggregating over the entire private 
sector, we end up with net deliveries to fi nal demand at producer prices (which excludes the 
fi nal demand indirect tax wedges) less 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.37 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 

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

37 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 effi cient.
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(2006b). However, the issue of how to interpret the indirect taxes on intermediate inputs 
“contribution” to national output growth has not been resolved and requires further research.38

It would also be useful to develop a growth accounting framework that allowed us to relate 
industry contributions to national private sector productivity growth at fi nal demand prices 
(rather than at producer prices as in the present theoretical growth accounting framework).

What is the Exact Form of the User Cost Formula?

Since the pioneering work of Jorgenson and Griliches (1967) and Hall and Jorgenson 
(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 refl ect 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 years39 but unfortunately, we 
still do not have a consensus on many of the above issues. As more and more countries 
embark on offi cial 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. 

38 A practical diffi culty 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.

39 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 Across 
Industries?

In some national productivity programs, wage rates are standardized for demographic factors 
(age, sex, educational attainment and so on) but they are held constant across industries. 
Similarly, depreciation rates for different asset classes are often estimated on a national level 
and thus are held constant across industries. Finally, endogenous balancing rates of return on 
assets could be calculated on an industry basis or on a national level. The question is: which 
procedure is “best”? 

We know that wage rates and rates of return vary greatly across fi rms 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.40 Thus 
if possible, sectoral productivity estimates should allow for differences in wage rates and the 
return to capital.41

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 diffi cult to obtain 
scientifi c information on depreciation rates. Historically, a few countries42 have had periodic 
capital stock surveys, which allow depreciation rates to be estimated, but they are very 
expensive and hence have been discontinued. Another scientifi c 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 fi nal 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,43 the Netherlands44 and New Zealand ask 

40 See for example Diewert and Lawrence (2005b).
41 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 fi rms or establishments 
could be operating effi ciently (i.e., could be on the frontiers of their production possibilities sets) yet the 
economy as a whole may not be operating effi ciently. 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 
effi cient, 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 effi cient. In other 
words, a condition for system wide effi ciency 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 ineffi cient , economy wide joint output vector.” W. Erwin Diewert (2001; 97). 

42 The Netherlands, Japan and Korea come to mind.
43 For a description and further references to the Canadian program on estimating depreciation rates, see 

Baldwin, Gellatly, Tanguay and Patry (2005).
44 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. 
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such questions on retirements in their investment surveys and Japan is about to follow suit.45

Diewert and Wykoff (2006) indicate how this type of survey can be used to obtain estimates 
for depreciation rates and it would be feasible theoretically to obtain these estimates on an 
industry basis. However, sample sizes are likely to be small if one attempts to use this survey 
information to form estimates of depreciation rates by asset class and industry and hence 
the resulting estimates may be very inaccurate. Thus one may be better off by estimating 
depreciation rates at a national level rather than at the industry level. 

The Problem of Imputing Wage Rates for the Self Employed and Unpaid Family Workers

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:46

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 fi rst 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 fi rst 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.47

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

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

47 The BLS procedure also leads to some inconsistencies if an endogenous rate of return to capital is used in 
constructing user costs.
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Which approach is likely to the “correct” one?48Which approach is likely to the “correct” one?48Which approach is likely to the “correct” one?  I would vote for Approach 2 over Approach 
1 since workers often become self employed because they prefer this type of employment prefer this type of employment prefer
over paid work; i.e., self employed work is not really equivalent to employee work, even after 
standardizing for the type of job.49 On the other hand, the user cost of capital should be the 
same whether workers are employees, self employed or family workers.

In any case, it can be seen that there are still some major unresolved measurement issues 
surrounding the imputation of wage rates for the self employed and family workers. 

The Treatment of Inventory Change in the SNA

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 (2005c) suggested that this problem is due to the 
failure of normal index number theory when the value aggregate being defl ated 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 defl ated. This 
is analogous to the treatment of the trade balance which is rarely defl ated directly; rather 
exports and imports are separately defl ated and shown as two separate real aggregates in the 
SNA. Diewert (2005c) 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).50

The problem of obtaining a more theoretically consistent treatment of inventory change 
may seem rather minor but inventory fl uctuations often drive changes in GDP so a transparent 
treatment of this part of inventories is important in productivity analysis.

The Measurement of Financial Services Outputs and Inputs

The problems involved in defi ning the outputs and inputs of banking services (and other 
fi nancial 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 

48 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. 

49 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 fi rm, 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. 

50 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).51 I lean towards the “user 
cost” school of thought that has been developed by Hancock (1985) (1991) and Fixler and 
Zieschang (1991) (1999) but a consensus on the “best” theoretical approach to measuring 
fi nancial service industry outputs and inputs has not yet emerged. 

The Effects on Productivity Growth of the Entry and Exit of Firms

How does the entry and exit of fi rms contribute to productivity growth?52 This is an exciting 
new area of research in productivity analysis that is only a bit over 10 years old; see 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 fi rms 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 fi nal measurement problem associated with productivity measurement that has not 
been defi nitively 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:
The existence of seasonal commodities; i.e., it is diffi cult (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 infl ation within the year.• 

There are mathematical problems in reconciling sums and ratios which defy easy • 
solutions.53

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

51 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.

52 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). 

53 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 prices in the 
fi rst quarter.54 There are possible solutions to this problem but they are rather complex and as 
usual, there is no consensus on what the appropriate solution should be.

For possible solutions to the above problems, the reader is referred to Hill (1996), Diewert 
(1998) (1999), Bloem, Dippelsman and Maehle (2001), Armknecht and Diewert (2004) and 
Balk (2005). 

It can be seen that there is a fairly large number of outstanding theoretical problems 
associated with the measurement of productivity growth. Hopefully, in the future, we will 
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.

Recommendations for the OECD

The OECD is my favorite international statistical organization since they provide products 
that I fi nd 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 1960.55

The OECD is • the source for tax data on a harmonized basis.56 Thus when international 
comparisons of taxation are made, the OECD data base on taxation is always the fi rst 
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.

54 See Hill (1996) and Diewert (1998) for a discussion of these problems.
55 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 fi nd the OECD national 
accounts and tax data invaluable.

56 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 fi nanced 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 on its member 
countries. My recommendations below suggest that this role should be expanded in the 
following ways:

The OECD should provide some guidance on “standard” assumptions for the construction • 
of user costs and provide these standardized user costs for its member countries. Also 
the OECD should fi x the inventory change problem mentioned in section 3.9 above and 
provide “standard” user costs of inventory in a theoretically consistent framework.

The OECD should provide “standard” depreciation rates for capital stocks and provide • 
“standard” estimates of the fl ow of capital services for member countries.57

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 diffi cult problem.

The OECD should continue to cooperate with the EU KLEMS project.• 58 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.59 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.market sector in each member country’s economy.market sector

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 diffi cult measurement problems mentioned above.

57 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).

58 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.

59 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.



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

28 – CONCLUSIONS AND FUTURE DIRECTIONS

References

Ahmad, N., C. Aspden and P. Schreyer (2004), “Depreciation and Obsolescence”, Paper 
presented at the Canberra Group meeting in London, September 1–3, Paris: OECD.

Ahn, S. (2001), “Firm Dynamics and Productivity Growth: A Review of Micro Evidence 
from OECD Countries”, OECD Economics Department Working Paper No. 297, OECD, 
Paris. 

Armknecht, P.A. and W.E. Diewert (2004), “Treatment of Seasonal Products”, pp. 553–593 in 
Producer Price Index Manual: Theory and Practice, Washington: International Monetary 
Fund. 

Aschauer, D.A. (1989), “Is Public Expenditure Productive?”, Journal of Monetary Economics 
23, 177–200.

Baily, M.N., C. Hulten, and D. Campbell (1992), “Productivity Dynamics in Manufacturing 
Establishments”, Brookings Papers on Economic Activity: Microeconomics 1992, 187–
249.

Baldwin, J., G. Gellatly, M. Tanguay and A. Patry (2005), “Estimating Depreciation Rates 
for the Productivity Accounts”, paper presented at the OECD Workshop on Productivity 
Measurement, Madrid Spain, October 17–19.

 http://www.oecd.org/document/27/0,2340,en_2649_34409_35100379_1_1_1_1,00.html

Baldwin, J.R. and P.K. Gorecki (1991), “Entry, Exit, and Productivity Growth”, in: P.A. 
Geroski and J. Schwalbach (eds.), Entry and Market Contestability: An International 
Comparison, Oxford: Blackwell.

Baldwin, J.R. and W. Gu (2003). “Plant turnover and productivity growth in Canadian 
manufacturing.” Statistics Canada, April. 

Balk, B.M. (1998), Industrial Price, Quantity and Productivity Indices, Boston: Kluwer 
Academic Publishers.

Balk, B.M. (2003a), “The Residual: On Monitoring and Benchmarking Firms, Industries, and 
Economies with Respect to Productivity”, Journal of Productivity Analysis 20, 5– 47.

Balk, B.M. (2003b), “On the Relationship between Gross Output and Value Added Based 
Productivity Measures: The Importance of the Domar Factor”, paper presented at the 
Economic Measurement Group Workshop, Sydney, December 11–12; also issued as 
CAER Working Paper 2003/05.

 http://www.caer.unsw.edu.au/DP/CAER0305.pdf

Balk, B.M. (2005), “Annual and Quarterly Productivity Measures”, paper presented at the 
Economic Measurement Group Workshop sponsored by the Center for Applied Economic 
Research at the University of New South Wales, the Australian Bureau of Statistics and 
the Australian Research Council, held at Coogee, Australia, December 12–13, 2005.



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

CONCLUSIONS AND FUTURE DIRECTIONS – 29

 http://www.oecd.org/document/27/0,2340,en_2649_34409_35100379_1_1_1_1,00.html

 http://www.rsm.nl/portal/page/portal/RSM2/Faculty/Academic%20Departments/
Management%20of%20Technology%20and%20Innovation2/Faculty%20Staff/Faculty/
prof.%20dr.%20Bert%20M.%20Balk/Publications1/Quarterly.pdf

Balk, B.M. and D.A. van den Bergen (2006), “The Cost of Capital Input: Calculation Methods”, 
Draft version August 30, 2006, Statistics Netherlands, Voorburg.

 http://www.rsm.nl/portal/pls/portal/xopus_public.download_document?p_guid=21E0C
6233B32CD16E0401BAC4D017581

Bartelsman, E.J. (2004), “Reallocation and Productivity Growth”, paper presented at 
Productivity Perspectives 2004, An Overview of Productivity Trends and Measurement, 
Analytical and Policy Issues, sponsored by the Australian Bureau of Statistics and the 
Productivity Commission, Hyatt Hotel, Canberra, December 9, 2004.

Bartelsman, E.J. and M. Doms (2000), “Understanding Productivity: Lessons from 
Longitudinal Microdata”, Journal of Economic Literature 38, 569–595. 

Bartelsman, E., J. Haltiwanger and J. Scarpetta (2004), “Microeconomic Evidence of Creative 
Destruction in Industrial and Developing Countries”, unpublished manuscript. 

Bergen, Dirk van den, M. de Haan, R. de Heij and M. Horsten (2005), “Measuring Capital in 
the Netherlands”, paper presented at the Meeting of the OECD Working Party on National 
Accounts, Paris, October 11–14.

 www.unece.org/stats/documents/ece/ces/ge.20/2005/8.e.pdf

Bergen, Dirk van den, M. van Rooijen-Horsten, M. de Haan and B.M. Balk (2006), “Productivity 
Measurement at Statistics Netherlands: A Progress Report Presentation”, Statistics 
Netherlands, paper presented at the OECD Workshop on Productivity Analysis and 
Measurement, Bern, October 16–18, 2006. http://www.oecd.org/dataoecd/62/34/37466531.
pdf

Bernstein, J.I. (2002), “A Tour of Innovation and Productivity: Measurement, Determinants 
and Policy” in S. Rao and A. Sharpe (eds.), pp. 213–247 in Productivity Issues in Canada, 
Calgary: University of Calgary Press.

Bloem, A.M., R.J. Dippelsman and N.Ø. Maehle (2001), Quarterly National Accounts Manual: 
Concepts, Data Sources and Compilation, Washington: International Monetary Fund.

Caves, D.W., L.R. Christensen and W.E. Diewert (1982), “The Economic Theory of Index 
Numbers and the Measurement of Input, Output and Productivity”, Econometrica 50, 
1393–1414.

Church, A.H. (1917), Manufacturing Costs and Accounts, New York: McGraw-Hill.



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

30 – CONCLUSIONS AND FUTURE DIRECTIONS

Corrado, C., C. Hulten and D. Sichel (2005), “Measuring Capital and Technology: An 
Expanded Framework”, pp. 11–41 in Measuring Capital in the New Economy, C. Corrado, 
J. Haltiwanger and D. Sichel (eds.), Studies in Income and Wealth Volume 65, NBER, 
Chicago: University of Chicago Press.

Dean, E.R. and M.J. Harper (2001), “The BLS Productivity Measurement Program”, pp. 
55–84 in New Developments in Productivity Analysis, C.R. Hulten, E.R. Dean and M.J. 
Harper (eds.), NBER Studies in Income and Wealth Volume 63, Chicago: University of 
Chicago Press.

Debreu, G. (1951), “The Coeffi cient of Resource Utilization”, Econometrica 19, 273–292.

Diewert, W.E. (1973), “Functional Forms for Profi t and Transformation Functions”, Journal 
of Economic Theory 6, 284–316.

Diewert, W.E., (1974), “Applications of Duality Theory,” pp. 106–171 in M.D. Intriligator and 
D.A. Kendrick (ed.), Frontiers of Quantitative Economics, Vol. II, Amsterdam: North-
Holland. http://www.econ.ubc.ca/diewert/theory.pdf

Diewert, W.E. (1980), “Aggregation Problems in the Measurement of Capital”, pp. 433–528 in 
The Measurement of Capital, D. Usher (ed.), Chicago: The University of Chicago Press. 
http://www.econ.ubc.ca/diewert/1capital.pdf 

 http://www.econ.ubc.ca/diewert/2capital.pdf

Diewert, W.E. (1983), “The Theory of the Output Price Index and the Measurement of Real 
Output Change”, pp. 1049–1113 in Price Level Measurement, W.E. Diewert and C. 
Montmarquette (eds.), Ottawa: Statistics Canada. 

 http://www.econ.ubc.ca/diewert/1output.pdf http://www.econ.ubc.ca/diewert/2output.pdf

Diewert, W.E. (1998), “High Infl ation, Seasonal Commodities and Annual Index Numbers”, 
Macroeconomic Dynamics 2, 456–471.

 http://www.econ.ubc.ca/diewert/highinfl .pdf

Diewert, W.E. (1999), “Index Number Approaches to Seasonal Adjustment”, Macroeconomic 
Dynamics 3, 1–21.

 http://www.econ.ubc.ca/diewert/seasonal.pdf

Diewert, W.E. (2001), “Which (Old) Ideas on Productivity Measurement are Ready to Use?”, 
pp. 85–101 in New Developments in Productivity Analysis, C.R. Hulten, E.R. Dean and 
M.J. Harper (eds.), NBER Studies in Income and Wealth Volume 63, Chicago: University 
of Chicago Press. 

 http://www.econ.ubc.ca/diewert/oldidea.pdf

Diewert, W.E. (2002), “Harmonized Indexes of Consumer Prices: Their Conceptual 
Foundations”, Swiss Journal of Economics and Statistics 138:4, 547–637. http://www.
econ.ubc.ca/diewert/other.htm



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

CONCLUSIONS AND FUTURE DIRECTIONS – 31

Diewert, W.E. (2005a), “Issues in the Measurement of Capital Services, Depreciation, Asset 
Price Changes and Interest Rates”, pp. 479–542 in Measuring Capital in the New Economy, 
C. Corrado, J. Haltiwanger and D. Sichel (eds.), Studies in Income and Wealth Volume 65, 
NBER, Chicago: University of Chicago Press.

 http://www.econ.ubc.ca/discpapers/dp0411.pdf 

Diewert, W.E. (2005b), “Productivity Perspectives in Australia: Conclusions and Future 
Directions”, Discussion Paper 05–05, Department of Economics, The University of 
British Columbia, Vancouver, Canada, V6T 1Z1.

 http://www.econ.ubc.ca/discpapers/dp0505.pdf

Diewert, W.E. (2005c), “On Measuring Inventory Change in Current and Constant Dollars”, 
Discussion Paper 05–12, Department of Economics, The University of British Columbia, 
Vancouver, Canada, V6T 1Z1.

 http://www.econ.ubc.ca/diewert/disc.htm

Diewert, W.E. (2005d), “Review of Productivity in the U.S. Services Sector: New Sources of 
Economic Growth by Jack E. Triplett and Barry P. Bosworth, Department of Economics, 
University of British Columbia, Vancouver, Canada. 

 http://www.econ.ubc.ca/diewert/sector.pdf

Diewert, W.E. (2006a), “The Measurement of Income”, Chapter 7 in The Measurement 
of Business Capital, Income and Performance, Tutorial presented at the University 
Autonoma of Barcelona, Spain, September 21–22, 2005; revised June 2006. http://www.
econ.ubc.ca/diewert/barc7.pdf or

 http://www.econ.ubc.ca/diewert/caer11.pdf

Diewert, W.E. (2006b), “Comment on Aggregation Issues in Integrating and Accelerating 
the BEA’s Accounts: Improved Methods for Calculating GDP by Industry”, pp. 287–307 
in A New Architecture for the U.S. National Accounts, D.W. Jorgenson, J.S. Landefeld 
and W.D Nordhaus (eds.), NBER Studies in Income and Wealth Volume 66, Chicago: 
University of Chicago Press.

 http://www.econ.ubc.ca/diewert/bea.pdf or for a longer version, see

 http://www.econ.ubc.ca/discpapers/dp0506.pdf

Diewert, W.E. and K.J. Fox (2004), “On the Estimation of Returns to Scale, Technical Progress 
and Monopolistic Markups”, Discussion Paper No. 04–09, Department of Economics, 
University of British Columbia, July, 53 pp.

 http://www.econ.ubc.ca/discpapers/dp0409.pdf

Diewert, W.E. and K.J. Fox (2006), “On Measuring the Contribution of Entering and Exiting 
Firms to Aggregate Productivity Growth”, forthcoming in Price and Productivity 
Measurement, W.E. Diewert, B.M. Balk, D. Fixler, K.J. Fox and A.O. Nakamura (eds.), 
Canada: Trafford Press. 



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

32 – CONCLUSIONS AND FUTURE DIRECTIONS

 http://www.econ.ubc.ca/discpapers/dp0502.pdf

Diewert, W.E. and D. Lawrence (2000), “Progress in Measuring the Price and Quantity of 
Capital”, pp. 273–326 in Econometrics Volume 2: Econometrics and the Cost of Capital: 
Essays in Honor of Dale W. Jorgenson, Lawrence J. Lau (ed.), Cambridge: The MIT 
Press. http://www.econ.ubc.ca/diewert/progress.pdf

Diewert, W.E. and D.A. Lawrence (2002), “The Deadweight Costs of Capital Taxation in 
Australia”, pp. 103–167 in Effi ciency in the Public Sector, Kevin J. Fox (ed.), Boston: 
Kluwer Academic Publishers. 

 http://www.econ.ubc.ca/diewert/capital.pdf

Diewert, W.E. and D. Lawrence (2005a), Estimating Aggregate Productivity Growth for 
Australia: The Role of Information and Communications Technology, Occasional 
Economic Paper, Canberra: Department of Communications, Information Technology 
and the Arts, Australian Government, September, 83 pp.

 http://www.econ.ubc.ca/diewert/roleinfo.pdf

Diewert, W.E. and D. Lawrence (2005b), “The Role of ICT in Australia’s Economic 
Performance”, pp. 55–93 in ICT and Australian Productivity: Methodologies and 
Measurement, Occasional Economic Paper, Canberra: Department of Communications, 
Information Technology and the Arts, Australian Government, November. http://www.
econ.ubc.ca/diewert/roleper.pdf

Diewert, W.E. and D. Lawrence (2006), Measuring the Contributions of Productivity and 
Terms of Trade to Australia’s Economic Welfare, Report by Meyrick and Associates to the 
Australian Government, Productivity Commission, Canberra, Australia, 106 pp.

 http://www.oecd.org/dataoecd/7/19/37503743.pdf

Diewert, W.E., H. Mizobuchi and K. Nomura (2005), “On Measuring Japan’s Productivity, 
1955–2003”, Discussion Paper No. 05–22, Department of Economics, University of 
British Columbia, Vancouver, Canada, December.

 http://www.econ.ubc.ca/discpapers/dp0522.pdf

Diewert, W.E. and C.J. Morrison (1986), “Adjusting Output and Productivity Indexes for 
Changes in the Terms of Trade”, The Economic Journal 96, 659–679.

Diewert, W.E. and P. Schreyer (2006), “The Measurement of Capital”, draft entry to the New 
Palgrave Dictionary of Economics. 

 http://www.econ.ubc.ca/diewert/palgrave.pdf

Diewert, W.E. and A.M. Smith (1994), “Productivity Measurement for a Distribution Firm”, 
the Journal of Productivity Analysis 5, 335–347.

 http://www.econ.ubc.ca/diewert/other.htm



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

CONCLUSIONS AND FUTURE DIRECTIONS – 33

Diewert, W.E. and F.C. Wykoff (2006), “Depreciation, Deterioration and Obsolescence 
when there is Embodied or Disembodied Technical Change”, forthcoming in Price 
and Productivity Measurement, W.E. Diewert, B.M. Balk, D. Fixler, K.J. Fox and A.O. 
Nakamura (eds.), Canada: Trafford Press. 

Edwards, E.O. and P.W. Bell (1961), The Theory and Measurement of Business Income, 
Berkeley: University of California Press.

Edworthy, E. and G. Wallis (2006), “Research and Development as a Value Creating 
Asset”, Offi ce for National Statistics, UK, paper presented at the OECD Workshop on 
Productivity Analysis and Measurement, Bern, October 16–18, 2006. http://www.oecd.
org/dataoecd/21/23/37528523.pdf

Feenstra, R.C. (2004), Advanced International Trade: Theory and Evidence, Princeton N.J.: 
Princeton University Press.

Fixler, D.J. and K. Zieschang (1991), “Measuring the Nominal Value of Financial Services in 
the National Accounts”, Economic Inquiry 29, 53–68.

Fixler, D.J. and K. Zieschang (1999), “The Productivity of the Banking Sector: Integrating 
Financial and Production Approaches to Measuring Financial Service Output”, Canadian 
Journal of Economics 32:2, 547–569. 

Fixler, D.J., M.B. Reinsdorf and G.M. Smith (2003), “Measuring the Services of Commercial 
Banks in the NIPAs: Changes in Concepts and Methods”, Survey of Current Business 
83:9, 33–44.

Foster, L., J. Haltiwanger and C.J. Krizan (2001), “Aggregate Productivity Growth: Lessons 
from Microeconomic Evidence”, in New Developments in Productivity Analysis, C.R. 
Hulten, E.R. Dean and M.J. Harper (eds.), NBER Studies in Income and Wealth Volume 
63, Chicago: University of Chicago Press. 

Fox, K.J. (2002), “Problems with (Dis)Aggregating Productivity and another Productivity 
Paradox”, Discussion Paper, School of Economics, University of New South Wales, 
Sydney.

Fox, K.J. (2006), “Returns to Scale, Technical Progress and Total Factor Productivity Growth 
in New Zealand Industries”, forthcoming in Price and Productivity Measurement, W.E. 
Diewert, B.M. Balk, D. Fixler, K.J. Fox and A.O. Nakamura (eds.), Canada: Trafford 
Press. 

Fox, K.J. and U. Kohli (1998), “GDP Growth, Terms of Trade Effects and Total Factor 
Productivity”, Journal of International Trade and Economic Development 7, 87–110.

Gorman, W.M. (1968), “Measuring the Quantities of Fixed Factors”, pp. 141–172 in Value, 
Capital and Growth: Papers in Honour of Sir John Hicks, J.N Wolfe (ed.), Chicago: 
Aldine Press.

Griliches, Z. and H. Regev (1995), “Firm Productivity in Israeli Industry: 1979–1988”, Journal 
of Econometrics 65, 175–203.



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

34 – CONCLUSIONS AND FUTURE DIRECTIONS

Hall, R.E. and D.W. Jorgenson (1967), “Tax Policy and Investment Behavior”, American 
Economic Review 57, 391–414.

Haltiwanger, J. (1997), “Measuring and Analyzing Aggregate Fluctuations: The Importance 
of Building from Microeconomic Evidence”, Federal Reserve Bank of St. Louis Economic 
Review 79:3, 55–77.

Haltiwanger, J. (2000), “Aggregate Growth: What have we Learned from Microeconomic 
Evidence?”, OECD Economics Department Working Paper No. 267, OECD, Paris. 

Hancock, D. (1985), “The Financial Firm: Production with Monetary and Non-Monetary 
Goods”, Journal of Political Economy 93, 859–880.

Hancock, D. (1991), A Theory of Production for the Financial Firm, Boston: Kluwer Academic 
Press.

Hicks, J.R. (1961), “The Measurement of Capital in Relation to the Measurement of Other 
Economic Aggregates”, pp. 18–31 in The Theory of Capital, F.A. Lutz and D.C. Hague 
(eds.), London: Macmillan.

Hill, T.P. (1996), Infl ation Accounting: A Manual on National Accounting Under Conditions 
of High Infl ation, Paris: OECD.

Hulten, C.R. and F.C. Wykoff (1981a), “The Estimation of Economic Depreciation using 
Vintage Asset Prices”, Journal of Econometrics 15, 367–396.

Hulten, C.R. and F.C. Wykoff (1981b), “The Measurement of Economic Depreciation”, 
pp. 81–125 in Depreciation, Infl ation and the Taxation of Income from Capital, C.R. 
Hulten (ed.), Washington D.C.: The Urban Institute Press.

Hulten, C.R. and F.C. Wykoff (1996), “Issues in the Measurement of Economic Depreciation: 
Introductory Remarks”, Economic Inquiry 34, 10–23.

Jorgenson, D.W. and Z. Griliches (1967), The Explanation of Productivity Change”, The 
Review of Economic Studies 34, 249–283.

Jorgenson, D.W. and Z. Griliches (1972), “Issues in Growth Accounting: A Reply to Edward 
F. Denison”, Survey of Current Business 52:4, Part II (May), 65–94.

Kohli, U. (1978), “A Gross National Product Function and the Derived Demand for Imports 
and Supply of Exports”, Canadian Journal of Economics 11, 167–182.

Kohli, U. (1982), “Relative Price Effects and the Demand for Imports”, The Canadian Journal 
of Economics 15, 203–219.

Kohli, U. (1983), “Technology and the Demand for Imports”, Southern Economic Journal 50, 
137–150.

Kohli, U. (1990), “Growth Accounting in the Open Economy: Parametric and Nonparametric 
Estimates”, Journal of Economic and Social Measurement 16, 125–136.



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

CONCLUSIONS AND FUTURE DIRECTIONS – 35

Kohli, U. (1991), Technology, Duality and Foreign Trade: The GNP Function Approach to 
Modeling Imports and Exports, Ann Arbor: University of Michigan Press.

Kohli, U. (2003), “Growth Accounting in the Open Economy: International Comparisons”, 
International Review of Economics and Finance 12, 417–435.

Kohli, U. (2004a), “An Implicit Törnqvist Index of Real GDP”, Journal of Productivity 
Analysis 21, 337–353.

Kohli, U. (2004b), “Real GDP, Real Domestic Income and Terms of Trade Changes”, Journal 
of International Economics 62, 83–106.

Kohli, U. (2006a), “Real GDP, Real GDI and Trading Gains: Canada, 1982–2005”, forthcoming 
in the Productivity Monitor, Ottawa, Canada.Productivity Monitor, Ottawa, Canada.Productivity Monitor

Kohli, U. (2006b), “Terms of Trade, Real Exchange Rates, and Trading Gains”, forthcoming 
in Price and Productivity Measurement, W.E. Diewert, B.M. Balk, D. Fixler, K.J. Fox 
and A.O. Nakamura (eds.), Canada: Trafford Press. 

Mas, M. (2006), “Infrastructures and ICT: Measurement Issues and Impact on Economic 
Growth”, paper presented at the OECD Workshop on Productivity Analysis and 
Measurement, Bern, October 16–18, 2006.

 http://www.oecd.org/dataoecd/47/32/37543193.ppt

Morrison, C.J. and W.E. Diewert (1990), “Productivity Growth and Changes in the Terms of 
Trade in Japan and the United States”, pp. 201–227 in Productivity Growth in Japan and 
the United States, Chicago: University of Chicago Press.

McFadden, D. (1978), “Cost, Revenue and Profi t Functions”, pp. 3–109 in Production 
Economics: A Dual Approach to Theory and Applications. Volume 1, M. Fuss and D. 
McFadden (eds.), Amsterdam: North-Holland.

Olley, G.S. and A. Pakes (1996), “The Dynamics of Productivity in the Telecommunications 
Equipment Industry”, Econometrica 64, 1263–1297. 

Parham, D. (2006), “Empirical Analysis of the Effects of R&D on Productivity: Implications 
for Productivity Measurement?”, Productivity Commission, Australia, paper presented at 
the OECD Workshop on Productivity Analysis and Measurement, Bern, October 16–18, 
2006.

 http://www.oecd.org/dataoecd/10/1/37511005.pdf

Paton, W.A. and A.C. Littleton (1940), An Introduction to Corporate Accounting Standards, 
Chicago: American Accounting Association.

Pitzer, J.S. (2004), “Intangible Produced Assets”, Paper presented at the London meeting of 
the Canberra II Group: On the Measurement of Non-Financial Assets, September 1–3, 
2004. 



PROCEEDINGS FROM THE OECD WORKSHOPS ON PRODUCTIVITY MEASUREMENT AND ANALYSIS

36 – CONCLUSIONS AND FUTURE DIRECTIONS

Rymes, T.K. (1968), “Professor Read and the Measurement of Total Factor Productivity”, The 
Canadian Journal of Economics 1, 359–367.

Rymes, T.K. (1983), “More on the Measurement of Total Factor Productivity”, The Review of 
Income and Wealth 29 (September), 297–316.

Shanks, S. and S. Zheng (2006), Econometric Modelling of R&D and Australia’s Productivity, 
Productivity Commission Staff Working Paper, Canberra, released May 4, 2006. http://
www.pc.gov.au/research/swp/economicmodelling/index.html

Schreyer, P. (2001), OECD Productivity Manual: A Guide to the Measurement of Industry-
Level and Aggregate Productivity Growth, Paris: OECD.

Schreyer, P. and P. Stauffer (2003), “Measuring the Production of Financial Corporations”, 
paper presented to the OECD/BSF/SNB Workshop on Financial Services in the National 
Accounts, Zurich, August 28–29, 2003.

Schreyer, P. (2004), “Measuring Multi-Factor Productivity when Rates of Return are 
Exogenous”, forthcoming in Price and Productivity Measurement, W.E. Diewert, B.M. 
Balk, D. Fixler, K.J. Fox and A.O. Nakamura (eds.), Canada: Trafford Press. 

Schreyer, P., W.E. Diewert and A. Harrison (2005), “Cost of Capital Services in the National 
Accounts”, paper presented to the Meeting of the Canberra II Group on Non-fi nancial 
Assets in Canberra, April. 

Solow, R.M. (1957), “Technical Change and the Aggregate Production Function”, Review of 
Economics and Statistics 39, 312–320.

Timmer, M. and R. Inklaar (2006), “International Comparisons of Industry Output, Inputs 
and Productivity Levels: Methodology and New Results”, paper presented at the OECD 
Workshop on Productivity Analysis and Measurement, Bern, October 16–18, 2006. http://
www.oecd.org/dataoecd/29/44/37515103.pdf

Triplett, J.E. and B.P. Bosworth (2004), Productivity in the U.S. Services Sector: New Sources 
of Economic Growth, with Comments by K.J. Stiroh, R.J. Gordon, D. Humphrey, D. 
Fixler and B.T. Ratchford, Washington D.C.: Brookings Institution Press.

van Ark, B. and M. Timmer (2006), “Reader on Productivity Levels”, paper presented at 
the OECD Workshop on Productivity Analysis and Measurement, Bern, October 16–18, 
2006. http://www.oecd.org/dataoecd/48/62/37538125.pdf

van Ark, B., M. Timmer and G. Ypma (2006), “PPPs for Industry Output: A New Dataset 
for International Comparisons”, paper presented at the OECD Workshop on Productivity 
Analysis and Measurement, Bern, October 16–18, 2006. 

 http://www.oecd.org/dataoecd/29/45/37515112.pdf

Woodland, A.D. (1982), International Trade and Resource Allocation, Amsterdam: North-
Holland.




