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into force on 30" September 1961, the Organisation for Economic Co-operation and Development
(OECD) shall promote policies designed:

* To achieve the highest sustainable economic growth and employment and a rising standard of
living in member countries, while maintaining financial stability, and thus to contribute to the
development of the world economy.

» To contribute to sound economic expansion in member as well as hon-member countries in
the process of economic development; and

e To contribute to the expansion of world trade on a multilateral, non-discriminatory basis in
accordance with international obligations.

The original member countries of the OECD are Austria, Belgium, Canada, Denmark, France,
Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland, Turkey, the United Kingdom and the United States. The following countrles
became members subsequently through accessmn at the dates indicated hereafter Japan (28" April
1964) Finland (28" January 1969), Australia (7 June 1971), New Zealand (29 May 1973), Mexico
(18 May 1994), the Czech Republlc (21* December 1995), Hungary (7 May 1996), Poland
(22" 4 November 1996), Korea (12 December 1996) and the Slovak Republic (14 December 2000).
The Commission of the European Communities takes part in the work of the OECD (Article 13 of the
OECD Convention).
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FOREWORD

Over the past few years, productivity and economic growth have been an important focus of
OECD work. This work has included both efforts to improve the measurement of productivity growth,
as shown in the development of the OECD Productivity Manual, published in 2001, as well as work to
enhance the understanding of the drivers of productivity performance. In the course of this work,
guestions about data choices and the measurement of productivity were examined at several
occasions. At the same time, OECD was confronted with a growing interest in internationally
comparable statistics and indicators on productivity growth.

The continued interest of many OECD member countries in productivity led to a decision to
develop an OECD Productivity Database, based on data that were considered to be as comparable
and consistent across countries as possible. This database and related information on methods and
sources was first made publicly available through the OECD Internet site on 15 March 2004, and is
being updated and revised on a regular basis. The data is available (free of charge) at:

www.oecd.org/statistics/productivity

This compendium is the first time a large number of indicators on productivity are being combined
in one document. The compendium draws heavily on the OECD Productivity Database, but also
includes indicators drawn from other sources, such as the OECD STAN database, which enables
productivity calculations for individual industries.

The compendium includes indicators as well as methodological notes and describes the
measurement challenges and data choices that were made as well as the remaining measurement
problems. Detail is available in a number of annexes.

The compendium was prepared for an OECD workshop on productivity measurement, held in
Madrid from 17-19 October 2005. Agnes Cimper, Julien Dupont, Dirk Pilat, Paul Schreyer and Colin
Webb prepared the text and tables in the compendium. Alessandra Colecchia, Chiara Criscuolo and
Pascal Marianna contributed material. Beatrice Jeffries, Paula Venditti and Julie Branco-Marinho
helped prepare the manuscript.

The data underlying this compendium is primarily based on the July 2005 update of the
Productivity Database. Some minor revisions to these data were made in September, primarily
affecting the estimates of productivity levels (see Annex 2) and the growth accounting results for a
limited number of OECD countries. A full update of the OECD Productivity Database will be released
on the OECD website by the end of 2005.
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Compendium of Productivity Indicators

HIGHLIGHTS

This compendium presents productivity indicators in three broad areas. The first section presents
economy-wide indicators of productivity growth. It shows that:

e Growth in GDP per hour worked over 1995-2004 was highest in Ireland, Korea and the Slovak
Republic. In Greece, Iceland, Ireland and the United States, labour productivity grew much faster
from 1995-2004 than from 1990-95. In many other OECD countries, labour productivity slowed
down over this period. Alternative measures of labour productivity growth, based on net domestic
product or gross domestic income, show a very similar picture, with some exceptions.

» Capital productivity declined in most OECD countries over the past decade. The decline has been
most pronounced in Japan, but also in Canada, Denmark, Portugal and Spain. Finland and Ireland
are exceptions; both countries have experienced a considerable increase in capital productivity.

e Stronger growth in some OECD countries, including Canada, France and the United States, over
1995-2003 was due to a combination of factors, including increased labour utilisation, strong capital
deepening in information and communications technology (ICT) and more rapid multi-factor
productivity (MFP) growth.

* Investment in ICT accounted for between 0.35 and 0.9 percentage points of growth in GDP over
the period 1995-2003. Australia, Sweden and the United States received the largest boost from ICT
capital. In Ireland, Finland and Greece, MFP was an important source of GDP growth.

The second section presents indicators of productivity levels. It shows that:

* lreland, Luxembourg, Norway and the United States had the highest levels of per capita income in
2004, while Belgium, France, Ireland, Norway and the United States had the highest levels of GDP
per hour worked. The different ranking of certain countries on these two measures is due to labour
utilisation; many European countries have lower levels of labour utilisation than the United States.
This implies that they have fewer people contributing to GDP; levels of GDP per capita are
therefore lower than levels of GDP per hour worked.

* These rankings change little when alternative measures of output, such as net domestic product or
gross national income, are used. Exceptions are Ireland and Luxembourg that have a lower ranking
on gross national income per hour worked than on GDP per hour worked.

*  Cross-country differences in income and productivity levels have eroded considerably since the
1950s. Japan and Korea have experienced the highest rates of catch-up since 1950. Many
European countries experienced strong catch-up with the United States until 1980, but have fallen
back since, Norway and Ireland being among the most notable exceptions.

» Australia, New Zealand, the United Kingdom and Canada already had relatively high income levels
in 1950 and have done little catching up since. Central European countries, Mexico and Turkey
started with low income levels in the 1950s and have only caught up a little.

* Industries predominantly involved in the extraction, processing and supply of fuel and energy goods
produced the highest value added per labour unit. These industries were more than twice as
productive as the average industry.
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* Besides the energy-producing industries, those that yield the most value added per labour unit are
industries considered more technology and/or knowledge intensive. In manufacturing, the chemical
industry has the highest relative labour productivity level, while in services, finance, insurance and
telecommunications lead the way.

The third section presents indicators of productivity growth by industry, and also includes indicators on
the contribution of multinationals to productivity performance. It shows that:

* In many OECD countries, notably in Australia, Greece, Mexico, the United Kingdom and the United
States, business sector services accounted for the bulk of labour productivity growth over 1995-
2003. However, the manufacturing sector remains important in the Czech Republic, Finland,
Hungary, Poland, Korea, the Slovak Republic and Sweden.

* A large share of labour productivity growth in the non-agricultural business sector is attributable to
knowledge-intensive activities. ICT manufacturing and services were particularly important in
Finland and Sweden, whereas other high- and medium-high-technology industries were particularly
important in Japan, Sweden and the United States. In Greece, Norway and the United States,
wholesale and retail trade also contributed significantly to aggregate productivity growth.

* Within manufacturing, large differences in the rate of productivity growth can be observed.
Electrical and optical equipment is often the industry with the highest rate of productivity growth, up
to 20% annually in OECD countries such as Sweden, Hungary, Korea and Finland.

*  The variation in productivity growth across services sectors is also considerable. Industries such as
wholesale and retail trade, post and telecommunications and financial intermediation are typically
the services sectors with the highest rate of productivity growth.

e Labour productivity of foreign affiliates in manufacturing in the United Kingdom is more than two
times higher than the average labour productivity of domestic firms in the manufacturing sector.

* Foreign affiliates made an important contribution to labour productivity growth in the United States,
accounting for almost a quarter of manufacturing productivity growth over 1995-2001. In the Czech
Republic, France, Sweden and the United Kingdom, the bulk of productivity growth in
manufacturing was due to foreign affiliates. In Japan, foreign affiliates made only a minor
contribution to productivity growth.
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A. ECONOMY-WIDE INDICATORS OF PRODUCTIVITY GROWTH
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GROWTH IN GDP PER CAPITA

Al

* Growth in GDP per capita is one of the core
indicators of economic performance. Estimates of
the increase in GDP per capita for OECD countries
for 1990-1995 and 1995-2004 show that rates of
growth in GDP per capita were high for both periods
in Ireland, Korea, Luxembourg and the Slovak
Republic. In most OECD countries, growth of GDP
per capita was higher from 1995-2004 than from
1990-95. The Czech Republic, Finland, Hungary and
Iceland were the countries with the largest
improvement over the period. In a few countries,
notably Korea and Norway, growth of GDP per
capita was lower over 1995-2004 than from 1990-95.
The estimates shown here are not adjusted for
differences in the business cycle; cyclically adjusted
estimates might show a somewhat different pattern.

» The growth in GDP per capita can be broken down
in a part which is due to labour productivity growth
(see A.2) and a part that is due to increased labour
utilisation, measured as hours worked per capita.
Growing labour utilisation has had considerable
impacts on the growth of GDP per capita. In the first
half of the 1990s, most OECD countries, in particular
many European countries were characterised by a
combination of high labour productivity growth and
declining labour utilisation. The high productivity
growth of these EU countries may thus have been

achieved by a greater use of capital or by dismissing
(or not employing) low-productivity workers.

* In the second half of the 1990s, many European
countries, improved their performance in terms of
labour utilisation, as unemployment fell and labour
force participation increased. However, the growth in
labour utilisation was accompanied by a sharp
decline in labour productivity growth in many
European countries. In contrast, some other OECD
countries, such as Canada and Ireland experienced
a pick-up in both labour utilisation and labour
productivity growth from 1990-95 to 1995-2004,
showing that there need not be a trade-off between
labour productivity growth and increased labour use.

Sources

+ OECD Productivity Database,
www.oecd.org/statistics/productivity

+ OECD, Annual National Accounts Database, July 2005.
For further reading

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ OECD (2004), Purchasing Power Parities and Real
Expenditures, OECD, Paris.

July 2005:

Growth in GDP per capita, 1990-95" and 1995-2004
Total economy, percentage change at annual rate

0 1990-1995

B 1995-2004

N & . N & § g R O @ \
N S O & O NZghY O & @ X o @ & P &
ot \Oeé\o‘&(\é;@\'b O @ W S S < F RSO FE F TS CICE
N & & ¢ & \){\\\Q/ S -\@6 v S
< % R &®

1. Or earliest available year, i.e. 1991 for Hungary and 1992 for the Slovak Republic.
2. EU-14: Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden
and the United Kingdom.
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Al GROWTH IN GDP PER CAPITA

Growth in GDP per capita — the contribution of productivity and labour utilisation
Total economy, percentage change at annual rate

[l Average 1990-1995 (1) | Average 1995-2004

Growth in labour utilisation
Growth of GDP per capita =  Growth of GDP per hour +
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1. Or earliest available year, i.e. 1991 for Hungary and 1992 for the Slovak Republic.

2. EU-14: Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden
and the United Kingdom.

3. Labour utilisation is measured as hours worked per capita.
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GROWTH IN GDP PER HOUR WORKED A.2.

Productivity growth can be measured by relating Republic, Iceland and Spain being the main
changes in output to changes in one or more inputs exceptions.
to production. The most common productivity
measure is labour productivity, which links changes « The estimates shown here are not adjusted for
in output to changes in labour input. It is a key gjfferences in the business cycle; cyclically adjusted
economic indicator and is closely associated with estimates might show a somewnhat different pattern.
standards of living.

Sources
Estimates of the increase in GDP per hour worked « OECD Productivity
for OECD Countries fOI’ 1990'1995 and 1995'2004 WWW.oecd.Orqlstatisticslproductivitv
ShOW th"f‘t rates of labour productivity growth were + OECD, Annual National Accounts Database, July 2005.
highest in Korea and Ireland. For 1995-2004, the .

For further reading

Slovak Republic also had very high productivity ; -
growth. + OECD (2001), Measuring Productivity — OECD Manual,

OECD, Paris.

L . . + Ahmad, N., F. Lequiller, P. Marianna, D. Pilat, P.
Labour productivity growth has varied considerably Schreyer and A. (\th':Iﬂ (2003), “Comparing Labour

over the past 15 years. In Greece, Iceland, Ireland Productivity Growth in the OECD Area: The Role of
and the United States, it grew much faster from Measurement”, STI Working Papers 2003/14, OECD,
1995-2004 than from 1990-1995. In other OECD Paris.

countries, notably Belgium, Germany, ltaly, the . pjjat, p. and P. Schreyer (2004), “The OECD Productivity

Database:

Netherlands, Norway, Portugal and Spain, it slowed Database — An Overview’, International Productivity
down over the period. Monitor, Number 8, Spring, pp. 59-65.

+ OECD (2004), “Clocking In (and Out): Several Facets of
With the slowdown of the world economy since Working Time”, OECD Employment Outlook 2004,
2000, most OECD countries have experienced a Chapter 1, OECD, Paris.

marked slowdown in labour productivity growth,
some European countries, notably the Czech

OECD measures of labour productivity growth

The OECD Productivity Manual. There are many different approaches to the measurement of productivity. The calculation and
interpretation of the different measures are not straightforward, particularly for international comparisons. To give guidance to
statisticians, researchers and analysts who work with productivity measures, the OECD released the OECD Productivity Manual in
2001. It is the first comprehensive guide to various productivity measures and focuses on the industry level. It presents the theoretical
foundations of productivity measurement, discusses implementation and measurement issues and is accompanied by examples from
OECD member countries to enhance its usefulness and readability. It also offers a brief discussion of the interpretation and use of
indicators of productivity. See: www.oecd.org/sti/measuring-ind-performance

OECD Productivity Database. Productivity measures rely heavily on the integration of measures of output and input. Some of the
most important differences among studies of labour productivity growth are linked to choice of data, notably the combination of
employment, hours worked and GDP. To address this problem, OECD has developed a reference database on productivity at the
aggregate level, with a view to resolving the problem of data consistency. In deriving estimates of labour productivity growth for the
economy as a whole, the database combines information on GDP, employment and hours worked. For employment and hours
worked, a special effort is made to use the best available information for each country, based on a consistent matching of data on
employment and annual hours worked per person employed (see Annex 1).

The database adds to the already available OECD estimates of productivity growth. In particular, the OECD Economic Outlook
currently includes estimates of labour productivity growth for the business sector in its Annex Tables (see A.7). These measures
respond to different purposes and should thus be considered of equal value to those published in the Productivity Database. The
following differences should be noted between the two series: 1) The measures for labour and multi-factor productivity in the OECD
Productivity Database refer to the total economy. They are based on a detailed assessment of labour and capital input, which
incorporates adjustments for average hours worked per person employed and for capital services. These economy-wide productivity
measures provide a close link to changes in GDP per capita. 2) The measures of labour productivity in the OECD Economic Outlook
cover the business sector only and do not adjust for average hours worked and for capital services. The main advantage of these
measures is that it excludes a large part of the economy, i.e. the public sector, in which productivity is typically poorly measured.
More sophisticated measures of productivity growth in the business sector are currently under development.

More information is available on the special website for the database: www.oecd.org/statistics/productivity
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A.2. GROWTH IN GDP PER HOUR WORKED
Growth in GDP per hour worked, 1990-1995 compared with 1995-2004
Total economy, percentage change at annual rate
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ALTERNATIVE MEASURES OF LABOUR PRODUCTIVITY GROWTH

A.3.

* Real depreciation has grown somewhat faster than real
GDP in the past decade in many OECD countries,
reflecting investment in new technologies and a shift in
the structure of investment and capital stocks towards
shorter-lived assets. As a consequence, NDP per hour
worked has risen somewhat slower than GDP per hour
worked. The gap turned out to be relatively large in the
United States, Denmark and Switzerland whereas in
Finland, in the Slovak Republic and in the United
Kingdom, NDP growth exceeded GDP growth.

Looking at trend growth of real GDP and GDI per hour
worked over the past ten years shows that differences
between the two measures are relatively small, except
for a few countries (e.g. Finland, Sweden, Korea and

and/or where foreign trade accounts for a large share of
GDP.

Sources

+ OECD Productivity
www.oecd.org/statistics/productivity

+ OECD, Annual National Accounts Database, September
2005.

For further reading

+ Commission of the European Communities, OECD, IMF,
United Nations, World Bank (1993), System of National
Accounts 1993, Brussels/Luxembourg, New York, Paris,
Washington DC.

+ Kohli, Ulrich (2004); “Real GDP, real domestic income and
terms of trade changes”; Journal of International Economics

Database:

Switzerland). By definition, the difference between the 62.
two measures is most important in those countries that
experienced the largest shifts in their terms of trade

Alternative measures of output

GDP is a gross measure that does not account for capital used in production. The associated loss in value, depreciation, reduces the
net value of production that is available as net income in any given year. The observation has often been made that a growing part of
capital goods is short-lived (for example computers), and that this structural shift in the composition of assets brings with it a higher
overall depreciation. A case could thus be made to measure productivity on the basis of net output as well as GDP. Countries with a
structure of fixed assets that is biased towards short-lived assets would exhibit a relatively lower NDP per hour worked than GDP per
hour worked, reflecting relatively higher depreciation.

However, net measures require reliable estimates of depreciation and the empirical basis for depreciation estimates is generally not
well established. For similar types of assets, significant differences exist in the service lives and depreciation rates that are used by
different countries. These rates are sometimes based on assumptions more than in-depth empirical studies or are based on evidence
dating back a number of years. This reduces the quality of depreciation estimates as well as their international comparability. The
international GDP-NDP comparisons should thus be interpreted with caution.

It is also useful to compare GDP per hour worked with Gross Domestic Income (GDI) per hour worked over time. Real gross domestic
income (GDI) measures the purchasing power of the total incomes generated by domestic production (including the impact on those
incomes of changes in the terms of trade); it is equal to gross domestic product at constant prices plus the trading gain (or less the
trading loss) resulting from changes in the terms of trade. The terms-of-trade effect arises because real GDI is obtained by deflation
with the price index for domestic final demand rather than the price index for GDP. It measures the rate at which exports can be traded
against imports from the rest of the world. The difference between movements in GDP at constant prices and real GDI are not always
small. If imports and exports are large relative to GDP, and if the commodity composition of the goods and services which make up
imports and exports are very different, the scope for potential trading gains or losses may be large. If the prices of a country’s export
rise faster (or fall more slowly) then the prices of its imports — that is if its terms of trade improve — less exports are needed to pay for
a given volume of imports so that at a given level of domestic production of goods and services can be reallocated from exports to
consumption or capital formation. Thus, an improvement in terms of trade makes it possible for an increased volume of goods and
services to be purchased by residents out of the incomes generated by a given level of domestic production.

Despite its analytical usefulness, it should be borne in mind that GDI is a measure of income and not a measure of production.
However, as has been pointed out by some authors (Kohli 2004), terms of trade effects resemble technical change. Changes in
constant price GDP would only reflect technical change whereas GDI is a measure that reflects both technical change and terms of
trade. This makes GDI a meaningful measure even in the context of production analysis.
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Compendium of Productivity Indicators
A.3. ALTERNATIVE MEASURES OF LABOUR PRODUCTIVITY GROWTH
Growth in NDP per hour worked compared with growth in GDP per hour worked, 1995-2004
Total economy, average annual growth rate
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CAPITAL PRODUCTIVITY

A4

» While labour productivity is the most common partial
productivity measure, capital productivity provides
another, supplementary piece of information about
productivity growth. Capital productivity is measured
as the ratio between output and capital input.

» Capital productivity has to be distinguished from the
rate of return to capital. The former is a physical,
partial productivity measure; the latter is an income
measure that relates capital income to the value of
the capital stock.

e Capital productivity has declined in most OECD
countries over the past decade. The fall in capital
productivity since 1990 has been most pronounced
in Japan, but also occurred in Spain, Canada,
Portugal and Denmark. Notable exceptions to the
secular decline in output per unit of capital input are
Ireland and Finland where capital productivity grew
over most of the past decade.

» Two important drivers determine capital productivity:
overall efficiency or multi-factor productivity growth
and the amount of labour input per unit of capital in
production. The fewer hours worked are available

e Although most countries experienced a decline in
capital productivity, the rates at which capital
productivity fell has varied significantly over time. In
Portugal, Denmark, the United States and New
Zealand, the decline in capital productivity slowed
markedly between the period 1990-95 and 1995-
2003. The most remarkable shift can be observed in
Finland where capital productivity declined in the first
half of the 1990s and rose in the period afterwards.
Like other productivity measures, capital productivity
varies considerably with the business cycle; no
adjustments have been made for variations in the
rate of capacity utilization.

Sources

+ OECD Productivity
www.oecd.org/statistics/productivity

For further reading

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ Schreyer P. (2003), Capital Stocks, Capital Services and
Multi-factor Productivity, OECD Economic Studies No 37.

+ Schreyer, P., P-E. Bignon and J. Dupont (2003), “OECD
Capital Services Estimates: Methodology and A First Set
of Results”, OECD Statistics Working Papers 2003/6,

Database:

per unit of capital, the lower capital productivity. OECD, Paris.

Generally, the cost of using capital has declined
relative to labour, so that the amount of labour input
per capital input has declined as well, leading to the
observed fall in capital productivity.

Measuring capital input

From the viewpoint of the economic theory, the objective is to measure the flow of productive services that capital delivers in
production. This measure relies on the assumption that capital services are a fixed proportion of the productive capital stock. With
this assumption, the rate of change of capital services coincides with the rate of change of the capital stock. The latter is estimated by
cumulating investment flows and correcting them for retirement, wear and tear and obsolescence. The aggregate flow of capital
services is obtained by weighting the flow of capital services of each type of asset by its share in total capital income. More
information on capital measurement can be found in the documentation for the OECD Productivity Database.

International comparability of price indices

Price indices are key in measuring volume investment, capital services and user costs. Accurate price indices should be constant
quality deflators that reflect price changes for a given performance of ICT investment goods. Thus, observed price changes of
‘computer boxes’ have to be quality-adjusted for comparison of different vintages. There are differences how countries deal with
quality adjustment with possible consequences for the international comparability of price and volume measures of ICT investment.
In particular, those countries that employ hedonic methods to construct ICT deflators tend to register a larger drop in ICT prices than
countries that do not. The OECD uses a set of ‘harmonised’ deflators to control for some of the differences in methodology and
assumes that the ratios between ICT and non-ICT asset prices evolve in a similar manner across countries, using the United States
as the benchmark. Although no claim is made that the ‘harmonised’ deflator is necessarily the correct price index for a given country,
the understanding is that the possible error due to using a harmonised price index is smaller than the bias arising from comparing
capital services based on national deflators. However, from an accounting perspective, adjusting the price index for investment goods
for any country implies an adjustment of the volume index of output. In most cases, such an adjustment would increase the measured
rate of volume output change. At the same time, effects on the economy-wide rate of GDP growth appear to be contained (see
Schreyer (2001) for a discussion). More information is available on the special website for the database:
www.oecd.org/statistics/productivity
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A.4. CAPITAL PRODUCTIVITY
Growth in capital productivity, 1990-1995 compared with 1995-2003
Total economy, average annual growth rate
% 1990-1995 # 1995-2003
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GROWTH ACCOUNTS FOR OECD COUNTRIES

A.5.

e Stronger growth in Canada, France, the United
Kingdom and the United States over the 1990s was
due to several factors, including higher labour
utilisation, capital deepening, notably due to
investment in information and communications
technology (ICT), and more rapid multi-factor
productivity (MFP) growth. In France, ltaly and the
United Kingdom, the contribution of labour input to
growth was negative in the first half of the 1990s but
positive for 1995-2003. In Germany and Japan,
labour utilisation continued to decline from 1995
onwards. In several European countries, MFP
growth fell from 1995 onwards, but it rose in Canada,
France and the United States.

* Investment in ICT accounted for between 0.35 and
0.9 percentage points of growth in GDP over the
period 1995-2003. Australia, Sweden and the
United States received the largest boost from ICT
capital; Japan and Canada a more modest one; and
Austria, France and Germany a much smaller one.
In several countries, ICT accounts for the bulk of
capital’s contribution to GDP growth.

* In Canada, Finland, Ireland, the Netherlands, New
Zealand and Spain, increased labour utilisation
made a large contribution to growth of GDP over
1995-2003.

e In Ireland, Finland and Greece, MFP growth was
also an important source of GDP growth. In
Denmark, Italy, the Netherlands and Spain, MFP
growth was very low or negative in the second half of
the 1990s.

Source

+ OECD Productivity Database,
www.oecd.org/statistics/productivity

For further reading

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ Schreyer, P., P.E. Bignon and J. Dupont (2003), “OECD
Capital Services Estimates: Methodology and a First Set
of Results”, OECD Statistics Working Paper 2003/6,
OECD, Paris.

+ Schreyer, P. (2004), “Capital Stocks, Capital Services
and Multi-factor  Productivity Measures”, OECD
Economic Studies No. 37, 2003/2, OECD, Paris, pp. 163-
184.

+ Wolfl, A., and D. Hajkova (2005), “Measuring Multi-factor
Productivity Growth”, STI Working Papers, OECD, Paris,
forthcoming.

September 2005

Growth accounting

Economic growth can be increased in several ways; by increasing the amount and types of labour and capital used in production, and
by attaining greater overall efficiency in how these factors of production are used together, i.e. higher multi-factor productivity. Growth
accounting involves breaking down growth of GDP into these contributions; i.e. labour input, capital input and MFP. The growth
accounting model is based on the microeconomic theory of production and rests on a number of assumptions, among which the
following are important: i) production technology can be represented by a production function relating total GDP to the primary inputs
labour L and capital services K; ii) this production function exhibits constant returns to scale; and iii) product and factor markets are
characterised by perfect competition.

For any desired level of output, the firm minimises costs of inputs, subject to the production technology discussed above. Factor input
markets are competitive, so that the firm takes factor prices as given and adjusts quantities of factor inputs to minimise costs. The
rate of growth of output is a weighted average of the rates of growth of the various inputs and of the multi-factor productivity term.
The weights attached to each input are the output elasticities for each factor of production. Output elasticities cannot be directly
observed, however, and the factor shares of labour and capital are often used as weights.
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A.5. GROWTH ACCOUNTS FOR OECD COUNTRIES

Contributions to growth of GDP, G7 countries, 1990-95 and 1995-2003"
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2. 1995-2001 for Italy; 1995-2002 for Australia, France, Japan, New Zealand and Spain.
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THE CONTRIBUTION OF MULTI-FACTOR PRODUCTIVITY AND ICT A.6.
CAPITAL TO GDP GROWTH

* Multi-factor productivity growth was one of the
factors that helped strengthen growth in Canada,
Finland, France, Greece, Ireland, Portugal, Sweden
and the United States over the 1990s. In other
countries, including Germany, Italy, Japan, the
United Kingdom, Austria, Belgium, Denmark, the
Netherlands and Spain, MFP growth slowed down
over the 1990s.

 Investment in ICT accounted for between 0.35 and
0.9 percentage points of growth in GDP over the
period 1995-2003 (see A.5). In all countries but
Finland, investment in ICT hardware accounted for
the bulk of the contribution of ICT capital. In several
countries, notably Denmark, France, the
Netherlands, Sweden and the United States,
investment in software accounted for one-third of the
total contribution of ICT capital to GDP growth. In
Finland, investment in communications equipment
was the most important component of ICT's
contribution to GDP growth. Differences in the

particularly large for Australia and Ireland, and
smallest for Germany.

Source

+ OECD Productivity Database,
www.oecd.org/statistics/productivity

+ Groningen Growth and Development Centre, June 2005.

For further reading

+ Lequiller, F., N.Ahmad, S Varjonen, W Cave and
K.H. Ahn (2003), “Report of the OECD Task Force on
Software Measurement in the National Accounts”, OECD
Statistics Working Paper 2003/1, OECD, Paris.

+ Ahmad, N. (2003), “Measuring Investment in Software”,
STI Working Paper, 2003/6, OECD, Paris.

+ Schreyer, P., P.E. Bignon and J. Dupont (2003), “OECD
Capital Services Estimates: Methodology and a First Set
of Results”, OECD Statistics Working Paper 2003/6,
OECD, Paris.

+ W6lfl, A., and D. Hajkova (2005), “Measuring Multi-factor
Productivity Growth”, STI Working Papers, OECD, Paris,
forthcoming.

September 2005

measurement of the components of ICT investment
are likely to affect these comparisons.

» The contribution of ICT capital to GDP growth has
increased in all OECD countries from 1990-95 to
1995-2003. The increase over this period was

The contribution of ICT capital to GDP growth

Correct measurement of investment in ICT in both nominal and volume terms is crucial for estimating its contribution to
economic growth and performance. Data availability and measurement of investment in ICT based on national accounts
(SNA93) vary considerably across OECD countries, especially as regards measurement of investment in software,
deflators applied, breakdown by institutional sector and temporal coverage. In the national accounts, expenditure on
ICT products is considered as investment only if the products can be physically isolated (i.e. ICT embodied in
equipment is considered not as investment but as intermediate consumption). This means that investment in ICT may
be underestimated and the order of magnitude of the underestimation may differ depending on how intermediate
consumption and investment are treated in each country’s accounts.

In particular, expenditure on software has only very recently been treated as capital expenditure in the national
accounts, and methodologies still vary considerably across countries. Difficulties for measuring software investment are
also linked to the ways in which software can be acquired, e.g. via rental and licences or embedded in hardware.
Moreover, software is often developed on own account. To tackle the specific problems relating to software in the
context of the SNA93 revision of the national accounts, a joint OECD-EU Task Force on the Measurement of Software
in the National Accounts has developed recommendations concerning the capitalisation of software (Lequiller, et al.,
2003; Ahmad, 2003). These are now being implemented by OECD member countries.
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A.6. THE CONTRIBUTION OF MULTI-FACTOR PRODUCTIVITY AND ICT
CAPITAL TO GDP GROWTH

Multi-factor productivity growth, 1990-95 and 1995-2003"
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LABOUR PRODUCTIVITY GROWTH IN THE BUSINESS SECTOR A.7.

e Productivity growth can be measured by relating
changes in output to changes in one or more inputs
to production. The most common productivity
measure is labour productivity, which links output to
labour input. The OECD publishes several labour
productivity measures: those presented in the OECD
Productivity Database refer to the total economy and
relate changes in output to changes in hours worked.

down over the period. From 2000 onwards, business
sector productivity slowed down in most OECD
countries, but picked up in a few countries.

Sources

+ OECD (2005), OECD Economic Outlook, Vol. 2005/1,
No. 77, June 2005.

For further reading

In its Economic Outlook, the OECD publishes
another series of labour productivity, namely output
per employed person in the business sector.

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

*+ Ahmad, N., F. Lequiller, P. Marianna, D. Pilat, P.
Schreyer and A. Wolfl (2003), “Comparing Growth in
GDP and Labour Productivity: Measurement Issues”,
OECD Statistics Brief, No. 7 December, OECD, Paris.

+ Ahmad, N., F. Lequiller, P. Marianna, D. Pilat, P.
Schreyer and A. WGolfl (2003), “Comparing Labour
Productivity Growth in the OECD Area: The Role of
Measurement”, STI Working Papers 2003/14, OECD,
Paris.

+ Pilat, D. and P. Schreyer (2004), “The OECD Productivity
Database — An Overview”, International Productivity
Monitor, Number 8, Spring, pp. 59-65.

+Atkinson, Tony (2005) Atkinson Review: Final report;
available on http://www.statistics.gov.uk.

» As with other productivity indicators, the growth in
business sector labour productivity is quite variable
from year to year, because employment generally
moves more slowly than value added. Businesses
do not immediately employ more staff when there is
an upturn and they do not immediately lay off staff
when there is a down turn.

* Business sector labour productivity has grown in all
countries although the charts show considerable
differences in growth between countries. In Greece,
Iceland, Ireland and the United States, business
sector labour productivity grew much faster from
1995-2004 than from 1990-1995. In other OECD
countries, notably Belgium, Germany, Iltaly, the
Netherlands, Norway, Portugal and Spain, it slowed

Measuring business sector productivity

Business sector output is defined as economy-wide GDP less the government wage bill, less net indirect taxes and government
consumption of fixed capital. Business sector employment is defined as total economy employment less public sector employment.
The business sector thus excludes outputs and inputs that relate to government. The main advantage of business sector measures is
that they exclude a large part of the economy, i.e. the public sector, in which productivity is typically poorly measured. In the absence
of market production and market prices (as is the case for example for general administration), government output is normally
measured by the inputs that are used to produce this output, implying zero productivity growth.

Measures of business sector productivity are also important because this sector ultimately determines the development of an
economy’s potential output and of the economy's tax base. At the same time, the precise definition of the business sector is not always
straightforward. Also, it can be difficult to allocate certain enterprises to the market or to the non-market sector. In their national
statistics, countries use different approaches towards measuring the output and inputs of the business sector. Differences arise in
particular in the treatment of health or education services that may be considered part of non-market production in some countries and
part of market production in others.

Over the past few years, several countries have started to develop output-based measures of production for non-market activities. For
example, the United Kingdom has put in place measures of output of education and health services in their national accounts. A report
to the U.K. Office of National Statistics (Atkinson 2005) provides a comprehensive discussion of the issues involved in measuring non-
market output.

Despite their conceptual advantages, business sector measures of labour productivity are subject to greater constraints of data
availability than labour productivity measures for the total economy. In particular, it is difficult to obtain reliable and internationally
comparable data for the total number of hours worked in the business sector, making it necessary to revert to the total number of
persons employed as a measure of labour input. As long as average hours worked per person do not change significantly over time,
this makes little difference to the resulting productivity measures. However, when there are marked shifts in working hours, the two
measures of labour input may give rise to quite different rates of labour productivity growth.

22 © OECD 2005



Compendium of Productivity Indicators

A.7. LABOUR PRODUCTIVITY GROWTH IN THE BUSINESS SECTOR

Growth in GDP per employee, 1990-1995' compared with 1995-2004
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INCOME AND PRODUCTIVITY LEVELS B.1.

* In 2004, GDP per capita in the OECD area ranged
from over USD 35000 in Ireland, Luxembourg,
Norway and the United States to less than
USD 15 000 in Mexico, Poland, the Slovak Republic
and Turkey. For most OECD countries, income
levels are 70-85% of US income levels.

« Differences in income reflect a combination of labour
productivity, measured as GDP per hour worked,
and labour utilisation, measured as hours worked
per capita. A country’s labour productivity level is
typically the most significant factor in determining
income levels, particularly for countries with low
levels of GDP per capita.

* Most OECD countries have higher levels of GDP per
hour worked compared with the United States than
GDP per capita. This is because they often have
lower levels of labour utilisation than the United
States. The difference between income and
productivity levels is largest for European countries;
GDP per hour worked surpasses the US productivity
level in Belgium, France, Ireland and Norway,

countries because of high unemployment and low
participation of the working-age population in the
labour force. In Iceland and Korea, however, labour
input per capita is considerably higher than in the
United States, owing to relatively long working hours
and high rates of labour force participation. Labour
input per capita is also relatively high in Australia,
Canada, the Czech Republic, Japan, New Zealand
and Switzerland.

Sources

+ OECD, Productivity Database, September 2005.
Available at: www.oecd.org/statistics/productivity.

+ OECD, Annual National Accounts Database, September
2005.

For further reading

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ OECD (2004), “Clocking In (and Out): Several Facets of
Working Time”, OECD Employment Outlook 2004,
Chapter 1, OECD, Paris.

+ OECD (2004), Purchasing Power Parities and Real
Expenditures, OECD, Paris.

whereas income levels in most of these countries
are substantially below those for the United States.

* In many OECD countries, labour use, as measured
by hours worked per capita, is substantially lower
than in the United States. This is because of
disparities in working hours but also in several

Comparisons of income and productivity levels

Comparisons of income and productivity levels face several measurement problems (see Annex 2 for further detail). First, they
require comparable data on output. In the 1993 System of National Accounts (SNA), the measurement and definition of GDP are
treated systematically across countries. Most countries have implemented this system; in the OECD area, Turkey is the only
exception, and its output is likely to be understated relative to other OECD countries. Other differences, such as the measurement of
software investment, also affect the comparability of GDP across countries, although the differences are typically quite small.

The second problem is the measurement of labour input. Some countries integrate the measurement of labour input in the national
accounts; this may ensure that estimates of labour input are consistent with those of output. In most countries, however, employment
data are derived from labour force surveys which are not entirely consistent with the national accounts. Labour input also requires
measures of hours worked, which are typically derived either from labour force surveys or from business surveys. Several OECD
countries estimate hours worked from a combination of these sources or integrate these sources in a system of labour accounts,
which are comparable to the national accounts. The OECD Productivity Database includes estimates of total hours worked which aim
at consistency between estimates of employment and hours worked. The cross-country comparability of hours worked remains
somewhat limited, however, with a margin of uncertainty in estimates of productivity levels.

Third, international comparisons require price ratios to convert output expressed in a national currency into a common unit. Exchange
rates are of limited use for this purpose because they are volatile and reflect many influences, including capital movements and trade
flows. The alternative is to use purchasing power parities (PPP), which measure the relative prices of the same basket of
consumption goods in different countries. The estimates shown here are based on official OECD PPPs for 2004.
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B.1. INCOME AND PRODUCTIVITY LEVELS

Income and productivity levels, 2004
Percentage point differences with respect to the United States
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1. Based on total hours worked per capita.

2. GDP for Turkey is based on the 1968 System of National Accounts.

3. EU member countries that are also member countries of the OECD.

4. Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain.
5. Includes overseas departments.
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LEVELS OF GDP PER CAPITA AND GDP PER HOUR WORKED, 1950-2004

B.2.

e Cross-country differences in GDP per capita and
labour productivity in the OECD area have eroded
considerably since the 1950s. Over the 1950s and
1960s, income levels in OECD countries were
catching up with those of the United States except in
Australia, New Zealand and the United Kingdom. In
the 1970s, this phenomenon was less widespread
and the rate of catch-up fell except in Korea. In the
1980s, there was even less catch-up, as GDP per
capita grew more slowly than in the United States in
20 OECD countries. The same was true for
20 OECD countries from 1990-2004 with Ireland
and Korea being the most notable exceptions.

» Japan and Korea had the highest rates of catch-up
over the period 1950-2004, with GDP per capita
growing much more rapidly than in the United
States. Rates of catch-up were much lower, typically
below 1% a year, in most of western Europe.
Australia, New Zealand, the United Kingdom and
Canada already had relatively high income levels in
1950 and have done little catching up since.
Switzerland has seen a marked decline in its relative
income level. Central European countries, Mexico
and Turkey started with low income levels in the
1950s and have only caught up a little.

» Changes in levels of GDP per hour worked show a
slightly different pattern. Out of 22 OECD countries
for which data are available for a long period, only
Mexico, Canada, Australia and Switzerland have not
been catching up almost continuously with
US productivity levels over the post-war period.
Several European countries now stand even with the
United States in terms of average labour productivity
and some have surpassed US productivity levels
(see B.1).

Sources

+ OECD, Productivity database, July 2005. Available at:
www.oecd.org/statistics/productivity.

+ OECD, Annual National Accounts Database, July 2005.
For further reading

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ Angus Maddison (2001), The World Economy: A
Millennial Perspective, Development Centre Studies,
OECD, Paris

+ OECD (2004), Purchasing Power Parities and Real
Expenditures, OECD, Paris.

Comparisons of income and productivity levels over time

Comparisons of income and productivity levels for a particular year (see B.1) can be updated over time by using time series for GDP,
population, employment and hours worked. Time series for GDP, population, employment and hours worked are all derived from the
OECD Productivity Database. This OECD database only dates back to the early 1970s, however. For earlier years, estimates were
derived by using data for GDP and population from Angus Maddison (2001), The World Economy: A Millennial Perspective, OECD
Development Centre, OECD, Paris.
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B.2. LEVELS OF GDP PER CAPITA AND GDP PER HOUR WORKED, 1950-2004

Catch-up and convergence in OECD income levels, 1950-2004, United States = 100
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© OECD 2005 29



ALTERNATIVE MEASURES OF OUTPUT B.3.

* When data in the national accounts are taken at face
value, a comparison between GDP and NDP per
hour worked hardly changes the ranking of countries
with respect to relative levels of labour productivity.
On average, NDP accounts for about 85% of GDP,
although there is some variation across countries.
Nonetheless, in Japan, the Czech Republic and the
Slovak Republic, depreciation is large in relation to
GDP. By contrast, Greece, Mexico, or the United
States are countries where NDP is relatively high
compared to GDP. Similar to the level comparisons
of NDP and GDP per hour worked, the growth rates
of NDP and GDP per hour worked can be compared
(see A.3).

* In most OECD countries, the difference between
GDP, NDP and GNI per hour worked is small since
gross income inflows from abroad tends to be offset
by gross outflows. This indicates that GDP per hour
worked is a useful proxy for other measures of
output in productivity calculations, especially when
data availability restricts international comparability.

2004 (or latest year available), but the largest
increase is registered for Ireland, which is also an
example for a country where GDP was significantly
higher than GNI, whereas Switzerland is a case
where the opposite holds.

Sources

+ OECD Productivity Database:
www.oecd.org/statistics/productivity

+ OECD, Annual National Accounts Database, September
2005.

For further reading

+ Commission of the European Communities, OECD, IMF,
United Nations, World Bank (1993), System of National
Accounts 1993, Brussels/Luxembourg, New York, Paris,
Washington DC.

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ Ahmad, N., F. Lequiller, P. Marianna, D. Pilat, P.
Schreyer and A. Wolfl (2003), “Comparing Labour
Productivity Growth in the OECD Area: The Role of
Measurement”, STI Working Papers 2003/14, OECD,
Paris.

However, the difference is significant for a few
countries, notably Ireland. GDP per hour worked,
GNI per hour worked and GDI per hour worked
increased in all OECD countries between 1995 and

+ OECD (2004), Purchasing Power Parities and Real
Expenditures, OECD, Paris.

Alternative measures of output — level comparisons

GDP is a gross measure that does not account for capital used in production. The associated loss in value, depreciation, reduces the
net value of production that is available as net income in any given year. The observation has often been made that a growing part of
capital goods is short-lived (for example computers), and that this structural shift in the composition of assets leads to higher overall
depreciation. A case could thus be made to measure productivity on the basis of net domestic product as well as GDP. Countries with
a structure of fixed assets that is biased towards short-lived assets would exhibit a relatively lower NDP per hour worked than GDP per
hour worked, reflecting relatively higher depreciation.

However, net measures require reliable estimates of depreciation and the empirical basis for depreciation estimates is generally not
well established. For similar types of assets, significant differences exist in the service lives and depreciation rates that are used by
different countries. These rates are sometimes based on assumptions more than in-depth empirical studies or are based on evidence
dating back a number of years. This reduces the quality of depreciation estimates as well as their international comparability. The
international GDP-NDP comparisons should thus be interpreted with caution.

It is also useful to compare GDP with gross national income (GNI). This comparison permits to take into account the payments
received from or sent to the rest of world. GNI is equal to GDP less net taxes on production and imports, less compensation of
employees and property income payable to the rest of the world plus the corresponding items receiving from the rest of the world. For
example, when company profits are transferred abroad, this leads to GNI being lower than GDP. Conversely, when foreign affiliates or
domestic firms or residents abroad transfer payment to the domestic economy, this will raise GNI relative to GDP.

At the same time it should be noted that income-based measures, while useful from a welfare perspective, are not necessarily the
preferred indicator when it comes to measuring productivity. The purpose of productivity measures is to capture inputs and outputs in a
production process and GNI may not be the best measure of output for this purpose.
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B.3. ALTERNATIVE MEASURES OF OUTPUT
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DIFFERENCES IN LABOUR PRODUCTIVITY BY ECONOMIC ACTIVITY B.4.

» The ratio of value added to employment provides an
indication of which industries yield relatively high
value added per unit of labour input. Although total
employment is not the best measure of labour input
for this purpose (see box), a reasonably clear pattern
emerges.

* In 2002, industries predominantly involved in the
extraction, processing and supply of fuel and energy
goods continued to produce the highest value added
per labour unit. These industries were more than
twice as productive as the average industry. They
account for about 4% of total OECD value added
and are typically highly capital-intensive.

» Besides the energy-producing industries, those that
yield the most value added per labour unit are those
considered more technology and/or knowledge
intensive (see box). In manufacturing, the chemical
industry has the highest relative labour productivity
level, while in services, finance, insurance and
telecommunications lead the way.

» Construction, wholesale and retail trade, hotels and

* The relatively low ratios of value added to
employment for business services are partly due to
the fact that this category covers a diverse range of
activities from renting of machinery and equipment,
computer services and R&D to legal, accounting,
architectural and engineering services. Use of a
more detailed activity breakdown would allow more
high value added activities to be revealed.

Data Resources:

+ OECD, STAN Indicators Database, August 2005.
+ OECD, STAN Database, August 2005.

For further reading

+ Ahmad, Nadim, Francois Lequiller, Pascal Marianna, Dirk
Pilat, Paul Schreyer and Anita Wolfl (2003), “Comparing
Labour Productivity Growth in the OECD Area: The Role
of Measurement”, STI Working Paper 2003/14, OECD,
Paris.

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ OECD (2001), OECD Science, Technology and Industry
Scoreboard, D.4. OECD, Paris.

+ OECD (2003), OECD Science, Technology and Industry
Scoreboard section D and Annex 1. OECD, Paris

restaurants and textiles show relatively low levels of
labour productivity in all three major OECD regions.
These industries are typically highly labour-intensive,
have a high proportion of low-skilled jobs and are not
considered high-technology sectors.

Measuring labour productivity by industry

The indicators shown here are determined by data availability and simply measure value added per person employed. Further
adjustments to labour input, including adjustment for part-time work and hours worked per worker, can be made for certain OECD
countries but international comparisons by industry are not yet feasible. A few other notes apply to the indicators:

. For the labour productivity levels, 2002 value added at current prices was used. For the European Union, member countries'
value added data were aggregated after applying 2002 US dollar GDP purchasing power parities (PPPs). Industry-specific PPPs
are preferable, but are not available for all sectors and countries.

. The labour productivity levels by industry are relative to the total non-agriculture business sector. This consists of all industries
except i) Agriculture, hunting, forestry and fishing (ISIC 01-05); ii) Real estate activities (ISIC 70 - for value added this includes
imputed rent of owner occupied dwellings); and iii) Community, social and personal services (ISIC 75-99 - this includes mainly
non-market activities such as public administration, education and health for which, in some countries, there are still some
measurement problems). This activity-based definition is not to be confused with an institutional definition of the business sector
(see A.7).

. Sectors that are considered technology- and/or knowledge-intensive are highlighted in the graphs. For manufacturing, R&D
intensity is the main determinant broadly identifying Chemicals (ISIC 24), Machinery and equipment (ISIC 29-33) and Transport
equipment (ISIC 34-45) as high or medium-high technology sectors (see Annex 1, of STI Scoreboard 2003 for more details). For
services, preliminary analyses of embodied technology (based on input-output tables) and composition of workforce skills have
complemented limited R&D intensity information to describe the following broad service sectors as knowledge intensive: Post and
telecommunications (ISIC 64); Finance and Insurance (ISIC 65-67) and Business services (ISIC 71-74).

. The European Union in this section covers the 15 member countries up to 2004 plus two new members, the Czech Republic and
Hungary.

. Data on value added for the EU countries is expressed in basic prices; for Japan and the United States, it is at factor costs.
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B.4. | DIFFERENCES IN LABOUR PRODUCTIVITY BY ECONOMIC ACTIVITY

Labour productivity levels relative to the total non-agriculture business sector, 2002
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CONTRIBUTION OF KEY ACTIVITIES TO AGGREGATE PRODUCTIVITY

C.1.

GROWTH

» A breakdown of productivity growth by activity can
show which industries are particularly important for
overall productivity performance. In many OECD
countries, notably in Australia, Greece, Mexico, the
United Kingdom and the United States, business
sector services have accounted for the bulk of labour
productivity growth over 1995-2003. However, the
manufacturing sector remains important in the Czech
Republic, Finland, Hungary, Poland, Korea, the
Slovak Republic and Sweden.

» For several countries, the contribution of business
services has increased from 1990-95. This is linked
to their growing share in total value added. However,
it also reflects stronger labour productivity growth in
some OECD countries, such as Canada, Sweden
and the United States. In France, Germany, the
Netherlands and Spain, on the other hand, labour
productivity growth in business services slowed over
the past decade, reflecting a slowdown that can also

technology and medium-high-technology
manufacturing. ICT manufacturing and services were
particularly important in Finland and Sweden,
whereas other high- and medium-high-technology
industries were particularly important in Japan,
Sweden and the United States. In Greece, Norway
and the United States, wholesale and retail trade
also contributed significantly to aggregate
productivity growth.

Data Resources:

+ OECD, STAN Indicators Database, August 2005.
+ OECD, STAN Database, August 2005.

For further reading

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ OECD (2005), Science, Technology and Industry
Scoreboard 2005, OECD, Paris.
+ Wolfl, A. (2003), “Productivity Growth in Service

Industries: An Assessment of Recent Patterns and the

be observed at the aggregate level (see A.2). Role of Measurement”, STI Working Paper 2003/7,

OECD, Paris.

+ Wolfl, A. (2005), “The Service Economy in OECD
Countries”, STI Working Paper 2005/3, OECD, Paris.

* A large share of labour productivity growth in the
non-agricultural business sector is attributable to
knowledge-intensive  activities, notably  ICT
manufacturing and services and other high-

Measuring labour productivity growth by industry

Labour productivity growth can be calculated as the difference between the rate of growth of output or value added and the rate of
growth of labour input. Calculating a sector’s contribution to aggregate productivity growth requires a number of simple steps, as
explained in the OECD Productivity Manual. First, the aggregate rate of change in value added is a share-weighted average of the
industry-specific rate of change in value added, with weights reflecting the current price share of each industry in value added. On the
input side, aggregation of industry-level labour input is achieved by weighting the growth rates in hours worked by industry with each
industry’s share in total labour compensation. Aggregate labour productivity growth can then be calculated as the difference between
aggregate growth in value added and aggregate growth in labour input. An industry’s contribution to aggregate labour productivity
growth is therefore the difference between its contribution to total value added and total labour input. If value added and labour shares
are the same, total labour productivity growth is a simple weighted average of industry-specific labour productivity growth. Similar
approaches can be followed when production, instead of value added, is used as the output measure. However, OECD work on the
basis of the STAN database has typically focused on value added, since constant price series of value added are more widely
available across OECD countries than constant price series of production. Difficulties in measuring output and productivity in services
sectors should also be taken into consideration when interpreting the results (see Wolfl, 2003).
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C.1. | CONTRIBUTION OF KEY ACTIVITIES TO AGGREGATE PRODUCTIVITY
GROWTH

Contribution to growth of value added per person employed
Annual average growth rates and contributions in percentage points
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PRODUCTIVITY GROWTH IN MANUFACTURING C.2

» The manufacturing sector has traditionally been the
main driver of aggregate productivity growth in
OECD countries. While its contribution to aggregate
productivity growth has become less important in
recent years (see C.1), notably in some OECD
countries, it still shows strong performance in many
industries.

* For most OECD countries, with the exceptions of
Iceland and Japan, manufacturing productivity
growth over 1995-2003 was slower than over 1990-
95. The difference is particularly marked in Finland,
Hungary and Poland, where the early 1990s marked
strong structural changes in the manufacturing
sector.

» Within manufacturing, large differences in the rate of
productivity growth can be observed. High- and
medium-high  technology industries, such as
machinery, electrical and optical equipment, as well
as chemicals, have typically experienced relatively
high rates of productivity growth. Low-technology
manufacturing industries, such as food products and
textiles, have often observed slightly lower rates of
productivity growth.

and Finland. Due to rapid technological progress,
measuring productivity growth in this industry is
particularly difficult. Some countries have introduced
so-called hedonic deflators to address the rapid
changes in quality and characteristics that
characterise this industry. Other countries have not,
which implies that the international comparability of
productivity growth rates in this industry is likely to
be somewhat limited.

Data Resources:

+ OECD, STAN Indicators Database, August 2005.

+ OECD, STAN Database, August 2005.

For further reading:

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ Pilat, D., A. Cimper, K. Olsen and C. Webb (2005), “The
Changing Nature of Manufacturing in OECD Economies”,
STI Working Paper, OECD, Paris, forthcoming.

+ Triplett, Jack (2004), “Handbook on Hedonic Indexes
and Quality Adjustment in Price Indexes: Special
Application to Information Technology Products”, STI
Working Papers 2004/9, OECD, Paris.

+ Wolfl, A. (2003), “Productivity Growth in Service
Industries: An Assessment of Recent Patterns and the

Role of Measurement”, STI Working Paper 2003/7,
OECD, Paris, www.oecd.org/sti/working-papers

* Developments in specific industries are also
noteworthy. Electrical and optical equipment is
among the manufacturing industries with the highest
rate of productivity growth, up to 20% annually in
OECD countries such as Sweden, Hungary, Korea

Hedonic methods

Examining the role of ICT-producing sectors in economic growth is heavily influenced by measurement problems, both regarding
outputs and inputs. The key measurement problem for the manufacturing of ICT goods on both the output and input side concerns
prices, in particular how to statistically capture significant quality improvements associated with technological advances in goods such
as computers and semi-conductors. The use of hedonic deflators is generally considered as the best way to address these problems.
Several countries currently use hedonic methods to deflate output in the computer industry (e.g. Canada, Denmark, France, Sweden
and the United States). However, these countries do not use exactly the same method. Some countries, such as the United States ,
apply their own hedonic deflator, others apply the US hedonic deflator adjusted for exchange rates, and yet other OECD countries
apply conventional deflators.

Adjusting for these methodological differences in computer deflators for the purpose of a cross-country comparison is difficult, since
there are considerable cross-country differences in industrial specialisation. Only few OECD countries produce computers, where price
falls have been very rapid; many only produce peripheral equipment, such as computer terminals. Similar differences in industry
composition exist in Radio, Television and Communication Equipment (ISIC 32), which includes the semi-conductor industry. The
differences in the composition of output are typically larger than in computer investment, where standardised approaches have been
applied (e.g. Schreyer, et al. 2003).
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C.2. PRODUCTIVITY GROWTH IN MANUFACTURING
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1. Or latest year available.

2. Data for the United States refer to ISIC sector 29-33 “machinery and equipment”.

3. Data for Belgium, Japan, Korea, Netherlands, Portugal, Spain and United Kingdom refer to ISIC sector 34-35 “transport
equipment”.
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PRODUCTIVITY GROWTH IN SERVICES C.3.

* In several OECD countries, productivity growth in
services accelerated from 1990-95 to 1995-2003.
This was notably the case in Australia, Greece,
Mexico, the Slovak Republic and the United States.
In most other countries, including most large
European countries as well as Japan, productivity
growth in services was less rapid over 1995-2003
than over 1990-95.

* The variation across services sectors and across
countries is considerable. Industries such as
wholesale and retail trade, post and
telecommunications and financial intermediation are
typically the services sectors with the highest rate of
productivity growth. Productivity growth in hotels and
restaurants, transport and storage as well as
business services is typically lower, although these
industries have been relatively important in some
OECD countries. Productivity growth rate in social

Data Resources:

+ OECD, STAN Indicators Database, August 2005.

+ OECD, STAN Database, August 2005.

For further reading

+ Ahmad, Nadim, Francois Lequiller, Pascal Marianna, Dirk
Pilat, Paul Schreyer and Anita W6lfl (2003), “Comparing
Labour Productivity Growth in the OECD Area: The Role
of Measurement”, STI Working Paper 2003/14, OECD,
Paris.

+ OECD (2001), Measuring Productivity — OECD Manual,
OECD, Paris.

+ OECD (2005), Enhancing Services Sector Performance,
OECD, Paris.

+ Wolfl, A. (2003), “Productivity Growth in Service
Industries: An Assessment of Recent Patterns and the
Role of Measurement”, STI Working Paper 2003/7,
OECD, Paris.

+ Wolfl, A. (2005), “The Service Economy in OECD
Countries”, STI Working Paper 2005/3, OECD, Paris.

services are not shown in the charts, as many OECD
countries still measure the output of these services
through their inputs.

Measuring productivity in services

The service sector now accounts for about 70 to 80% of aggregate production and employment of OECD economies and
continues to grow. But measuring output and productivity growth in many services is not straightforward. What exactly does a
lawyer or economist produce? How can the rapidly-changing pricing schemes of telecommunications providers be compared
over time? And how should one measure the ‘quantity’ of health services provided by public hospitals? These and similar
questions arise when statisticians attempt to measure the production of services and the output of service industries and the
difficulty of this task is hard to overstate.

Generally, measuring volumes in the national accounts requires that current-price values of flows of goods and services can be
divided into volume and price components. Typically, this is more difficult for services than for goods. Characteristics of goods
can normally be identified and changes in quantities and qualities are measurable in principle, whereas for services even
quantitative changes are often hard to measure, let alone quality change. Omitting qualitative changes does not necessarily
mean that volume of services will be underestimated. For example, technical progress may improve the quality of medical
services but may also lead to a decline in quality when, for example, self-service in post offices, longer queuing times or
increased distances to the nearest post office all of which reflect an increased burden on customers and a lower quality of
services.

At the level of individual industries, two types of measurement issues arise: comparability of current-price measures, and
comparability of the price indices used to deflate the latter or, in some cases, the comparability of volume indices. When it
comes to the impact of service industry measures on the comparability of aggregate GDP series, two other factors come into
play. The first is the extent to which a particular service industry’s output is bought as intermediate input by other domestic
producers as opposed to the share of output that is delivered to final demand (private consumption, investment, government
and export). The larger the share of the former, the smaller the impact of a measurement error at the industry level on
measures of aggregate GDP growth, and vice versa: if a service industry delivers exclusively for final demand purposes, any
possible measurement will carry over to measures of total GDP. The second factor is the size of the industry in question, or
more precisely, its share in economy-wide value-added. The larger the share, the bigger the potential impact of an incorrect
measure of industry-level output.
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