
The World Economy

Growth or Stagnation?

Edited by
dale w. jorgenson
kyoji fukao
marcel p . t immer

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8  
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502
https://www.cambridge.org/core


University Printing House, Cambridge CB2 8BS, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

4843/24, 2nd Floor, Ansari Road, Daryaganj, Delhi – 110002, India

79 Anson Road, #06–04/06, Singapore 079906

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781107143340
DOI: 10.1017/9781316534502

© Cambridge University Press 2016

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 2016

A catalogue record for this publication is available from the British Library

Library of Congress Cataloging-in-Publication Data
Names: Jorgenson, Dale W. (Dale Weldeau), 1933– editor. | Fukao, Kyōji, editor. |
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The World Economy

The balance of the world economy is shifting away from the established
economies of Europe, Japan, and theUS, towards the emerging economies of
Asia, especially India and China. With contributions from some of the
world’s leading growth theorists, this book analyzes the long-term process
of structural change and productivity growth across theworld froma unique
comparative perspective. Ongoing research from the World KLEMS
Initiative is used to comparatively study new sources of growth – including
the role of investment in intangible assets, human capital, technology catch-
up, and trade in global value chains. This book provides comparisons of
industries and economies that are the keys to analyzing the impacts of
international trade and investment. This makes it an ideal read for
academics and students interested in understanding current patterns of
economic growth. It will also be of value to professionals with an interest
in the drivers of economic growth and crisis.
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1 The new world order
dale w. jorgenson

This book shows that the world economy is undergoing a massive
transformation. The transformation is generating a new world order
that is scarcely recognizable from the perspective of the twentieth cen-
tury. According to the authoritative estimates of Angus Maddison, the
United States was the world’s largest economy throughout the century
(Maddison 2001). In the twenty-first century the balance of the world
economy has shifted from the industrialized economies, led by Europe,
Japan, and the US, to the emerging economies of Asia, especially China
and India.

Throughout the last century a fundamental transformation of the
world economy seemed a remote and unlikely prospect. However, the
World Bank’s 2005 International Comparison Program (ICP2005)
showed that China had overtaken Japan in terms of purchasing
power more than a decade earlier (World Bank 2008). By 2012 India
overtook Japan and has continued to grow much more rapidly.
The obvious question posed by these findings is, will China surpass
the US? The World Bank’s 2011 International Comparison Program
(ICP2011) has revealed that in 2014 China’s output achieved parity
with the US in terms of purchasing power (World Bank 2014).

We find that Germany will continue to lead Russia and Russia will
lead Brazil, resulting in the new economic order: China, the US, India,
Japan, Germany, Russia, and Brazil. Jim O’Neill, then a Goldman-
Sachs economist, originated the terminology “BRIC economies” in
2001 and published a book documenting the progress of Brazil,
Russia, India, and China in 2010 (O’Neill 2011). However, we find
that Brazil and Russia, as well as Germany, Japan, and the US, will
grow more slowly than the world economy.

Our second major finding is that world economic growth has accel-
erated during the twenty-first century and that rapid growth will con-
tinue. We answer the question, “Growth or Stagnation?” in favor of
growth. While Chinese economic growth has already slowed, Indian

1
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growth will increase. Both giant economies will continue to grow faster
than the world economy. As China and India increase in relative
importance during the twenty-first century, the accelerated growth of
the world economy will be maintained.

At first impression the choice of growth over stagnation may seem
implausible. Recovery of the industrialized economies from the Great
Recession of 2007–2009 has been slow and fitful. The US has emerged
with low unemployment but reduced prospects for growth.1 Japan has
continued to languish in the torpor of the Lost Decades, awaiting the
implementation of a new growth strategy.2 The fiscal and financial
burden of public debt in Europe and the inability of international
institutions to cope with a financial crisis like Greece pose potential
threats to the restoration of growth.3

The most significant impact of the Great Recession on the emerging
economies of Asia was the collapse of global trade in late 2008 and
early 2009. This was quickly reversed and the leading Asian economies
have continued to grow more rapidly than the world economy.
The challenges facing these economies are different but equally daunt-
ing. Can China cope with inflationary pressures following the vast
expansion of lending in response to the economic crisis?4 Will India
succeed in dealingwith fiscal consolidation and a higher inflation rate?5

In this book we set aside short-term threats to the world economy to
focus on the potential for long-term growth. We show that the funda-
mentals of the world economy remain strong. Trends established in the
watershed reforms of China and India more than two decades ago have
produced the dramatic changes of economic leadership in the twenty-
first century. We can now recognize the emergence of Asia from the
underdevelopment that persisted until the middle of the twentieth
century as the great economic achievement of our time.

The third major finding of this book is that replication rather than
innovation is the major source of growth of the world economy.
Replication takes place by adding identical production units with no
change in technology. Labor input grows through the addition of new
members of the labor force with the same education and experience.

1 For more detail, see Chapter 2 of this volume.
2 For discussion of Japan’s Lost Decades, see Chapter 3 of this volume.
3 See Chapter 4 of this volume for more discussion.
4 On China see Chapter 6 of this volume.
5 On India see Chapter 7 of this volume.

2 Dale W. Jorgenson
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Capital input expands by providing new production units with the
same collection of plant and equipment. Output expands in proportion
with no change in productivity. By contrast, successful innovation
involves the creation of new products and new processes, so that
productivity increases. Of course, replication and innovation are sim-
ply analytical categories for characterizing aspects of the complex
processes that generate long-term growth and structural change.

The Asian model of economic growth relies on globalization and
investment in human and non-human capital, rather than innova-
tion. This new growth paradigm places a high premium on skillful
management by public and private authorities. The performance of
the leading economies in developing and implementing the new
growth paradigm, first Japan, then the Asian Tigers – Hong Kong,
Singapore, South Korea, and Taiwan – and now China and India, has
changed the course of economic development in Asia and around the
world.

The growing significance of the Asian model is overturning long-
established theories of economic growth and accelerating overdue
revisions of the official economic statistics. The ruling theories of
growth of the twentieth century put enormous weight on innovation,
which has played a relatively modest role. This view neglected invest-
ments in human and non-human capital, which are much more impor-
tant for advanced economies as well as emerging economies. The new
economic order will help to establish an empirically based view of the
balance between replication and innovation.

In Section 1 of this chapter we analyze the recent performance of the
world economy. We rely on gross domestic product (GDP) as a mea-
sure of output and define productivity as output per unit of both capital
and labor inputs. We present output, inputs, and productivity for the
world economy and major groups like the G7 and the G20. We also
consider the individual economies of the G7 – Canada, France,
Germany, Italy, Japan, the United Kingdom and the United States –

and the major emerging economies – Brazil, China, India, Indonesia,
Mexico, Russia, and South Korea. We refer to these emerging econo-
mies as the extended BRICs.

In analyzing the growth of the world economy we utilize the Total
Economy Database (TED), originally developed by Maddison at the
University of Groningen and maintained by the Conference Board.
This was greatly enhanced by the Conference Board in collaboration

The new world order 3
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with Jorgenson and Khuong Vu.6 The new database includes inputs
and productivity as well as outputs. The Conference Board presents
annual reports on the key findings. Jorgenson and Vu have published
a series of international comparisons of outputs, inputs, and produc-
tivity (Jorgenson and Vu 2013).

The Conference Board’s TED incorporates the advances in growth
accounting summarized in Paul Schreyer’s OECD Productivity
Manual (2001) and his OECD Capital Manual (2009). International
standards for measuring labor and capital inputs were established in
Chapters 19 and 20 of the United Nations 2008 System of National
Accounts (SNA), (United Nations 2009). This is the most recent revi-
sion of the United Nations’ SNA, developed in collaboration with four
other international organizations – the Organisation for Economic
Cooperation and Development (OECD), the International Monetary
Fund (IMF), the World Bank, and Eurostat.

Data on capital and labor inputs are essential in analyzing economic
growth, preparing projections of future growth, and choosing among
alternative economic policies. The framework for growth projections is
provided by the neo-classical theory of growth (Jorgenson et al. 2008).
Growth in labor inputs is based on demographic projections from the
United Nations and by national statistical agencies like the US Bureau
of the Census (US Census Bureau 2013). Productivity growth provides
a link to innovation. Growth in capital inputs is determined endogen-
ously by saving and investment behavior.

In Section 2we present projections of economic growth for themajor
groupings of economies, including the G7, the G20, and the extended
BRICs. We provide historical data for the period 1990–2012 and
projections for 2012–2022. The future growth of the world economy
will accelerate, relative to the historical period. The advanced econo-
mies of the G7, the OECD, and the European Union (EU) will grow
more slowly, while the growth rate of the extended BRICs is almost the
same. The acceleration in world economic growth is due to the rising
importance of the more rapidly growing economies.

Jorgenson and Vu have adapted the methodology of Jorgenson, Ho,
and Kevin Stiroh for projecting the growth of labor productivity and
GDP (Jorgenson and Vu 2011). The driving forces in the future growth

6 See: Conference Board (2015). Sections 1 and 2 of this chapter incorporate the
results of Jorgenson and Vu (forthcoming).
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of the world economy are demography and technology. Projections of
labor productivity incorporate projections of improvements in capital
and labor composition and total factor productivity. For the advanced
economies of the G7we assume that output and capital input will grow
at the same rate. The rate of economic growth is determined by the
underlying growth in hours worked, improvements in capital and labor
composition, and productivity.

The fourth major finding of this book is that the contributions of
individual industries are essential for understanding the sources of
economic growth. The modest rates of innovation needed to maintain
long-run growth are usually concentrated in a relatively small number
of sectors. For example, the production of information technology
equipment and software has dominated recent innovation in the US.
Data on the growth of outputs, inputs, and productivity at the indus-
try level are required for identifying the sources of growth of the US
economy.

The concentration of innovation in a narrow range of industries has
important implications for changes in the structure of a growing econ-
omy. Surprisingly, many of the major emerging economies have dis-
carded the traditional pattern of movement of resources out of
agriculture into industry, followed by the growth of the service indus-
tries. International comparisons of differences in productivity levels
based on purchasing power parities of outputs and inputs at the indus-
try level provide a second focus for industry-level productivity
research. These comparisons are essential in assessing changes in com-
parative advantage and formulating strategies for economic growth.

In Section 3 we present the framework for the measurement of
growth of output and productivity at the industry level used in this
book. A key feature is that capital input is measured by capital services
rather than capital stocks. The prices of capital inputs used in aggregat-
ing different types of capital input are rental values rather than asset
values. This approach to measuring capital was incorporated into
official statistical systems in 2009 by the OECD Capital Manual and
in Chapter 20 of the 2008 System of National Accounts. The change
from capital stocks to capital services has been critical in measuring the
impact of the shift in the composition of capital input toward informa-
tion technology equipment and software.

The measure of labor input in the TED includes investments in
human capital in the form of education. This measure of labor

The new world order 5
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input incorporates differences in hours worked by workers with
different levels of educational attainment. Labor quality is the ratio
of labor input to hours worked, so that labor input is the product
of hours worked and labor quality. Labor quality is essential for
capturing the impact of investment in human capital on economic
growth.

In Section 4 we outline the contents of this book. We draw on the
results of the World KLEMS Initiative, a research consortium covering
Europe, Latin America, and Asia, as well as major economies such as
Australia, Canada, Russia, and the US. All of these countries have
developed industry-level data on outputs and inputs of capital (K),
labor (L), energy (E), materials (M), and services (S). Productivity is
defined as output per unit of all inputs. The GDP is measured by
aggregating over industries. Jorgenson and Schreyer (2013) have
shown how to incorporate this industry-level productivity data into
the United Nations’ 2008 System of National Accounts.

1.1 Growth of the world economy

To prepare for projections of world economic growth we analyze the
sources of economic growth for the G7, the G20, and the world
economy. We consider fourteen major economies – the G7 economies,
including the US, and seven emerging economies of the G20, including
India and China. We have sub-divided the period 1990–2012 in 1995,
2000, and 2005 in order to capture major changes in the growth rate of
the world economy.

In Figure 1.1 we divide the contribution of capital services to world
economic growth between information technology (IT) and non-
information technology (non-IT). Figure 1.2 gives data on the world
economy and seven major groups. We allocate the contribution of
labor services between hours worked and labor quality, defined as
labor input per hour worked. Finally, we present data on total factor
productivity (TFP), defined as output per unit of both capital and
labor inputs. The period 1995–2000 witnessed a major acceleration
in world economic growth. The rate of world growth increased
further during 2000–2005. The economic and financial crisis of
2007–2009 in the advanced economies dominated the world econ-
omy after 2005. Growth continued at a rapid pace but slowed relative
to 2000–2005.

6 Dale W. Jorgenson
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Figure 1.1 Sources of world economic growth, 1995–2012
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Figure 1.2 Sources of world economic growth
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During 2005–2012 total factor productivity growth for the advanced
economies of theG7was negative for Canada, France, Italy, and the UK.
This poses a paradox: how could innovation, reflecting changes in
technology, be negative? The world-wide financial and economic crisis
of 2007–2009 opened a wide gap between actual output and potential
output for theG7 economies, determined by supplies of capital and labor
inputs and productivity. Negative productivity growth is the difference
between the positive effects of advances in technology and the negative
effects of the widening output gap.

During the period 1990–2012 US economic growth has been strong,
relative to growth of other advanced economies. This is due to capital
deepening, increases in capital input per hour worked, especially dur-
ing the information technology boom of 1995–2000. Growth in total
factor productivity revived during the boom and continued at a brisk
pace in the “jobless recovery” of 2000–2005. The growth of US GDP
has been more rapid than that of any other economy in the G7 with
Canada close behind. However, US economic growth collapsed during
the period 2005–2012, largely due to the Great Recession.

The advanced economies of the G7 were strongly impacted by the
Great Recession of 2007–2009. In Figure 1.3 we analyze the sources of
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economic growth of the G7 during 1990–2012. Germany had the
strongest economic performance with positive growth in total factor
productivity and hours worked. Japan’s productivity growth revived
during the period 2000–2005 and this continued during 2005–2012.
The revival of productivity growth was largely offset by a declining
labor force throughout the period 1990–2012. Italy had the weakest
performance during the Great Recession and was unable to maintain
positive economic growth.

China sustained double-digit economic growth throughout the
decade 2000–2012 with only slight deceleration during the Great
Recession, as shown in Figure 1.4. India’s growth rate rose steadily
during the two decades 1990–2012. For both China and India capital
input contributed more to economic growth than the rise in total
factor productivity. Russia’s economic growth was dominated by
the collapse of the former Soviet Union and the gradual recovery of
1995–2005. The decline in growth of non-IT capital input from 1990
to 2005 is an unusual feature of Russian economic growth that was
finally reversed after 2005.
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1.2 Projecting the growth of the world economy

We consider three different scenarios for the growth of the world
economy – Base Case, Pessimistic, and Optimistic. The contributions of
hours worked and labor quality to potential economic growth over the
next decade can be projected with little uncertainty, since most of the
people entering the labor force are already in the population. Accordingly,
we use the same projections in our alternative scenarios. Projections
of technology are far more challenging. Our Base Case incorporates
the average rate of total productivity growth for 1990–2012. Our
Pessimistic Case is based on average productivity growth for the two
worst sub-periods, while our Optimistic Case is based on an average
for the two best sub-periods. For emerging economies like China and
India we also extrapolate recent trends in the capital–output ratio.

We limit our projections to potential economic growth, leaving pro-
jections of actual growth to economic forecasters like the IMF (IMF
2015). We have incorporated differences in trends in demography and
technology. For example, the growth of the Japanese population and
labor force will continue to be negative and France, Germany, Italy,
Russia, and South Korea will also experience negative labor force
growth. The growth of the Chinese labor force will decline substantially
and India’s labor force will grow much more rapidly than China’s.

We have represented the uncertainty in our projections of the world
economy for 2012–2022 in Figures 1.5 and 1.6. The first bar in
Figure 1.5 provides historical data. The average growth rate of labor
productivity for 1990–2012 was 1.8 percent per year. The remaining
bars give Pessimistic, Base Case, and Optimistic projections of labor
productivity for the decade 2012–2022.More rapid productivity growth
is associated with higher rates of growth of capital deepening, defined as
the growth rate of capital per hourworked, aswell asmore rapid growth
in total factor productivity.

Finally, we project the rate of GDP growth as the sum of the growth
rate of hours worked from our demographic projections and the growth
rate of labor productivity. The first bar in Figure 1.6 gives historical data
for 1990–2012. The remaining three bars give Pessimistic, Base Case,
and Optimistic projections.

Our Base Case projection of world economic growth for the period
2012–2022 is 3.4 percent per year. This corresponds to labor produc-
tivity growth of 2.2 percent per year and growth of hours worked of
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1.2 percent. The Base Case reflects an acceleration of world economic
growth, combining a slowdown in the growth of hours worked and
a substantial acceleration in labor productivity growth. The Pessimistic
projection of world growth of 2.4 percent per year incorporates
a continuation of the marked slowdown in growth of total factor
productivity after 2005. The Optimistic projection for world economic
growth of 4.1 percent would require full recovery from the Great
Recession.

Figure 1.7 gives projections for the world economy and seven major
groups. Our projections for the individual economies in the G7 are given
in Figure 1.8. The US will outperform the other members of the G7 due
to expansion of the labor force and continued growth of labor produc-
tivity. Labor productivity growth inGermany, Japan, and the UKwill be
stronger than in the US, but the rate of decline in the Japanese labor force
will reach almost 1 percent per year. The German labor force will also
decline, but less rapidly, while the UK labor force will increase only
slightly. Italy will continue to lag in economic growth among the G7
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Figure 1.7 Growth projections for the world economy
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economies. Canada’s labor productivity growthwill be similar to that of
the US, but growth of the Canadian labor force will drop considerably.

As shown in Figure 1.9, the outlook for China and other emerging
economies continues to be relatively sanguine. The Chinese growth rate
will decline relative to the blistering pace of the past decades, still
exceeding 6.5 percent per year. Growth in India and Mexico will accel-
erate, while Brazil, Indonesia, Russia, and South Korea will grow more
slowly. How can the world economy grow more rapidly? This is due to
the rising importance of the more rapidly growing economies, especially
China and India.

Figure 1.10 summarizes the new economic order that will emerge by
2022. China has already displaced the US as the world’s leading econ-
omy, but China and the US, taken together, will increase in relative
importance. India’s growth rate will rise to 6.5 percent, so that India
will also increase in relative importance. Japan will grow more slowly
than the world economy, but will retain its place as the world’s fourth
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largest economy. Russian economic growth will continue to languish
andRussia will fail to overtake Germany. Brazil will growmore rapidly
than Russia, but Brazilian GDP will remain below that of Russia.

We have quantified the substantial uncertainty in our projections for
the world economy, but it is important to emphasize that there are
uncertainties for each of the leading economies as well. For example,
China’s accumulation of foreign exchange to preserve the dollar
exchange rate of the Chinese currency is reaching a plateau. The real
exchange rate of the yuan is rising due to amodest revaluation and a very
substantial increase in production costs in China. All of this is helping to
moderate the imbalances that have attracted international attention.
China is moving toward slower but more sustainable growth.

Japan, the US, and other industrialized economies will remain far in
advance of China and India in terms of per capita GDP. But the
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experience of Japan and the four Asian Tigers tells us that advanced
economies can emerge outside Europe and North America. It is only
a matter of time until these developments spread to China, India, and
the other major countries of developing Asia, but this will be measured
in decades rather than years. The world economy has the opportunity
to accelerate the process of adjustment to the new economic order. This
process will require rethinking international business, including the
international trading system and international investment.

1.3 Productivity at the industry level

Jorgenson, Frank M. Gollop, and Barbara M. Fraumeni (1987) con-
structed the first dataset containing annual time series data on output,
inputs of capital, labor, and intermediate goods, and productivity for
all the industries in the US economy. This study provided the model for
the methods of economy-wide and industry-level productivity mea-
surement presented in Paul Schreyer’s (2001) OECD Productivity
Manual. The hallmarks of the new framework for productivity mea-
surement are constant quality indexes of capital and labor services at
the industry level and indexes of energy, materials, and services inputs
from a time series of input–output tables. This book presents recent
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research on the growth of output, inputs, and productivity at the
industry level for nearly forty countries.

Jorgenson et al. (2005) updated the US dataset and revised it to include
investment in IT. This required new data on the production of hardware,
telecommunications equipment, and software, as well as inputs of IT
capital services. The new dataset has demonstrated the importance
of industry-level productivity growth, especially in the information
technology-producing industries, in understanding the US investment
boom of the 1990s. Jorgenson et al. (2005) have provided the framework
for thenewdatasets. International comparisons forEurope, Japan, and the
US are presented by Jorgenson in The Economics of Productivity (2009).

The key idea underlying a constant quality index of labor input is to
capture the heterogeneity of different types of labor inputs. Hours
worked for each type of labor input are combined into a constant
quality index of labor input, using labor compensation per hour as
weights. Constant quality indexes of labor input for the US at the
industry level are discussed in detail by Jorgenson et al. (2005, ch. 6,
pp. 201–290).

Similarly, a constant quality index of capital input deals with the
heterogeneity among different types of capital inputs. These capital
inputs are combined into a constant quality index, using rental prices of
the inputs as weights, rather than the asset prices used in measuring
capital stocks. This makes it possible to incorporate differences among
asset-specific inflation rates that are particularly important in analyzing
the impact of investments in information technology, as well as differ-
ences in depreciation rates and tax treatments for different assets.
Constant quality indexes of capital input for the US at the industry
level are presented by Jorgenson et al. (2005, ch. 5, pp. 147–200).

The framework for industry-level productivity measurement sum-
marized by Schreyer (2001) incorporates a time series of input–output
tables in current and constant prices. Estimates of intermediate inputs
of energy, materials, and services are generated from these tables.
Details on the construction of the time series of input–output tables
and estimates of intermediate inputs are presented by Jorgenson et al.
(2005, ch. 4, pp. 87–146).

Jorgenson and J. Steven Landefeld (2006) have developed a new
architecture for the US national income and product accounts
(NIPAs) that includes prices and quantities of capital services for all
productive assets in the US economy. This was published in a volume
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on the new architecture by Jorgenson, Landefeld, and William
D. Nordhaus (Jorgenson and Landefeld 2006). The incorporation of
the price and quantity of capital services into the United Nations’ 2008
System of National Accounts (United Nations 2009) was approved by
the UnitedNations Statistical Commission at its February–March 2007
meeting.

Schreyer, then head of national accounts at the OECD, prepared
a second edition of an OECDManual,Measuring Capital, published in
2009. This provided detailed recommendations on methods for the
construction of prices and quantities of capital services at industry
and economy-wide levels. Jorgenson and Schreyer (2013) showed
how to incorporate industry-level measures of outputs, inputs, and
productivity into the 2008 SNA.

In Chapter 20 of SNA 2008 (United Nations 2009, p. 415), esti-
mates of capital services are described as follows: “By associating
these estimates with the standard breakdown of value added, the
contribution of labor and capital to production can be portrayed in
a form ready for use in the analysis of productivity in a way entirely
consistent with the accounts of the System.” The measures of capital
and labor inputs in the prototype system of US national accounts
of Jorgenson and Landefeld (2006) are consistent with the OECD
Productivity Manual, the 2008 SNA, and the OECD Manual,
Measuring Capital.

The first half of this book is devoted to individual country experi-
ences in compiling and analyzing industry-level statistics on productiv-
ity and growth. Chapters 2, 3, and 4 are devoted to long-term trends in
growth of the United States, Japan and Europe. Chapters 5, 6, 7, and 8
analyze trends in growth and productivity in the major emerging
economies of Latin America, China, India, and Russia. We provide
a more detailed summary of country experiences in Section 1.4.

The second half of this book is devoted to new and emerging sources
of economic growth. Chapters 9 and 10 consider investments in soft-
ware, research and development, and other intangible assets. Software
and research and development have been recommended for inclusion
in official systems of national accounts by the United Nations’ 2008
System of National Accounts. Chapter 11 presents industry-level data
for the US on outputs, inputs, and productivity, including the invest-
ments in intellectual property recently added to the US national
accounts. Chapter 12 presents international comparisons of investments
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in human capital, quantitatively the most important form of investment
in intangible capital.

An important application of industry-level data is the comparison of
industry outputs, inputs, and productivity across economies.
Chapter 13 presents detailed comparisons of industries in Japan and
the US. These comparisons are based on a single accounting framework
for the two economies and their interactions with the world economy
through trade. A more extensive accounting framework for forty
economies, the World Input–Output Database (WIOD), is discussed
in Chapters 14 and 15. We consider the individual contributions to
Part II in more detail in Section 1.4.

1.4 World KLEMS Initiative

This book draws on the research of participants in the World KLEMS
Initiative. This was established by Jorgenson, Timmer and van Ark at
the First World KLEMS Conference, held at Harvard University in
August 2010.7 The purpose of the World KLEMS Initiative is to
generate industry-level datasets, consisting of outputs and inputs
of capital (K) and labor (L), together with inputs of energy (E),
materials (M), and services (S). Productivity for each industry is
defined as output per unit of all inputs. These datasets implement
the new framework we have outlined in Section 1.3 for analyzing the
sources of economic growth at the industry and aggregate levels for
countries around the world.

The starting point for the World KLEMS Initiative is the interna-
tionally uniform methodology established by the OECD, beginning
with Schreyer’s OECD Manual, Measuring Productivity, published in
2001. This incorporated the advice and recommendations of the
Statistical Working Party of the OECD Industry Committee, chaired
by Edwin Dean, former Associate Commissioner for Productivity of
the US Bureau of Labor Statistics.8 The participants in the World
KLEMS Initiative have adapted this methodology to industry data
generated in a wide variety of settings.

The international standards for productivity measurement were
greatly extended through their adoption by the United Nations

7 For the program and participants see: www.worldklems.net/conference1.htm.
8 Schreyer (2001), Annex 7, Acknowledgements, p. 146.
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Statistical Commission in 2007. This was the outcome of delibera-
tions by the Canberra II Expert Group convened by the Commission.9

The revised version of the OECD Manual Measuring Capital by
Schreyer was an important product of these deliberations. The final
development was the incorporation of the international standards
into Chapters 19 and 20 of the United Nations’ 2008 System of
National Accounts.

In the US a critical role in establishing standards for KLEMS-type
research was played by the Advisory Committee on Measuring
Innovation in the 21st Century Economy to the US Secretary of
Commerce. The Advisory Committee was chaired by Carl Schramm,
Chief Executive Office (CEO) of the Kauffman Foundation in Kansas
City.10 The recommendations of the Advisory Committee were imple-
mented by the Bureau of Economic Analysis of the Department of
Commerce and the Bureau of Labor Statistics of the Department of
Labor.

Industry-level productivity statistics were incorporated into the
US National Income and Product Accounts in 2014. These statistics
were updated and revised to incorporate intellectual property products
in the benchmark revision of the US accounts in the same year. Official
systems of industry-level production accounts are now part of the
national accounts in Australia, Canada, Denmark, Finland, Italy,
Mexico, The Netherlands, Sweden, and the UK, as well as the US.

In Chapter 2 Jorgenson, Ho, and Samuels present an industry-level
production account for the US for the period 1947–2012. They find
that US economic growth will recover from the Great Recession period
2007–2009 through the resumption of productivity growth and the
recovery of investment in capital input. However, the long-term
growth of the US economy will depend critically on the performance
of the relatively small number of sectors where innovation takes place.

Jorgenson, Ho, and Samuels have confirmed Jorgenson’s (2009)
result that the great preponderance of US economic growth since
1947 involves the replication of existing technologies through invest-
ment in equipment and software and the expansion of the labor force.
Contrary to the well-known views of Robert M. Solow (1957) and

9 See: http://unstats.un.org/unsd/methods/citygroup/non-financial-assets.htm.
10 Advisory Committee on Measuring Innovation in the 21st Century

Economy to the US Secretary of Commerce (2008).
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Simon Kuznets (1971), innovation accounts for a relatively modest
20 percent. An important policy implication is that policies to maintain
the growth of employment and investment will be much more effective
in reestablishing consistent growth of the US economy than policies to
enhance rates of innovation.

Looking into the future, Jorgenson, Ho, and Samuels find that
US economic growth will slow substantially from the pace observed
during 1990–2012, mainly due to a marked slowdown in labor quality
growth. The educational attainment of people emerging from the edu-
cation system, while high, has been nearly constant for the past several
decades. As the last of the baby boomers retire changes in labor quality
will slow almost to a standstill.

The Japan Industrial Productivity (JIP) database is compiled in
collaboration between the Research Institute for Economy Trade
and Industry (RIETI) and Hitotsubashi University.11 This contains
data on outputs, inputs, and productivity for 108 sectors of the
Japanese economy. The latest JIP database is for 2014 and covers
the period 1970–2011. This uses the 2000 benchmark revision of the
Japanese national accounts. The JIP database has been compiled
annually since 2006.12

In Chapter 3 Kyoji Fukao, Kenta Ikeuchi, HyeogUg Kwon,
YoungGak Kim, Tatsuji Makino, and Miho Takizawa, employ the
Japan Industrial Productivity Database in analyzing the slowdown in
productivity growth in Japan. The initial downturn in productivity
growth followed the collapse of the “bubble” in Japanese real estate
prices in 1991. This gave way to a prolonged stagnation of the Japanese
economy, extending into two Lost Decades.

A brief revival of Japanese productivity growth after 2000 ended
with the sharp decline in Japanese exports in 2008–2009. This fol-
lowed rapid appreciation of the Japanese yen, relative to the US dollar,
after the adoption of a monetary policy of quantitative easing by the
Federal Reserve, the US central bank. When the Bank of Japan failed to
respond, Japan experienced a much more severe downturn in produc-
tivity growth and a larger decline in output than the US in the aftermath
of the Great Recession of 2007–2009.

11 See: www.rieti.go.jp/en/database/d05.html.
12 See: www.rieti.go.jp/en/database/JIP2014/index.html#05.
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Fukao and his co-authors first consider the causes of the Japanese
stagnation from the demand side. Before the collapse of the real estate
bubble in 1991 Japan had a high rate of personal saving that was
largely absorbed by the high rate of private investment. Rates of
investment began to decline as a consequence of the slowing growth
of the labor force, which dropped to zero in the 1990s and became
negative in the 2000s. In addition, the rate of growth of productivity,
defined as output per unit of input, collapsed during the 1990s. Both
the rate of growth of the labor force and the rate of productivity growth
had begunmuch earlier and gradually undermined private incentives to
invest.

Modes of adjustment for Japan’s excess saving could have included
depreciation of the yen and running a large current account surplus.
Fukao and his co-authors identify the substantial obstacles to imple-
mentation of these policy measures. These obstacles revolve around
“trade frictions”with Japan’s leading trade partners, especially the US.
Declines in the rate of growth of the labor force, the rate of productivity
growth, and the rate of investment resulted in a sharp decline in Japan’s
rate of economic growth. Fukao and his co-authors conclude by com-
paring Japan’s Lost Decades with the growth of other leading indus-
trialized economies during the period since 1990.

The EU KLEMS project was initiated in 2003 and completed in
2008. This project applied international standards for productivity
measurement to data for twenty-five of the (then) twenty-seven coun-
tries of the EU. These standards were incorporated into a manual
written by Timmer and his colleagues at the University of Groningen
and the National Institute of Social and Economic Research in London
(Timmer et al. 2007). This manual was employed by the twenty-one
participating research organizations and statistical agencies that con-
tributed to the project.

The EU KLEMS datasets are essential for analyzing the slowdown in
European economic growth that preceded the current financial and
fiscal crisis.13 The datasets and results were presented at the final EU
KLEMS Conference in Groningen, The Netherlands, in June 2008.14

Timmer et al. (2010) analyze the sources of economic growth in Europe

13 Updated data for the EU countries are posted on the EU KLEMS website:
www.euklems.net/eukNACE2.shtml.

14 For the program and participants see: www.euklems.net/conference.html.
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at the industry level in their book, Economic Growth in Europe:
A Comparative Industry Perspective.

The EU KLEMS project also included datasets for Australia, Canada,
Japan, Korea, and the US. Matilde Mas and Robert Stehrer (2012)
present international comparisons within Europe and between Europe
and the advanced economies in Asia and North America in their book,
Industrial Productivity in Europe: Growth and Crisis. As European
policy-makers focus on removing barriers to the revival of economic
growth, international differences in the sources of growth have become
central in understanding the impacts of changes in economic policy.

The EU KLEMS project identified failure to develop a knowledge
economy as the most important source of the slowdown in European
economic growth. A knowledge economy requires investments in
human capital, information technology, and intellectual property.
An important policy implication is that extension of the single market
to the services industries, particularly those intensive in the use of
information technology, is essential to remove barriers to the knowl-
edge economy.

The analysis of European economic growth presented in reports on
the EU KLEMS project has been updated and extended by van Ark and
O’Mahony in Chapter 4 of this book. The economic and financial crisis
that began in the US in 2007 was transmitted to Europe during 2008
and 2009. This produced a “double dip” recession and stagnant
growth for an extended period of time. Slower growth can be attributed
to deficient growth of demand or “secular stagnation,” as well as to
supply side factors – slower growth of productivity and employment
across Europe. The overall differences between growth rates in Europe
and the US have increased substantially since 2008.

Chapter 4 includes a detailed examination of factors affecting the
knowledge economy, the focus of the earlier EU KLEMS study. The
production of information technology hardware and software has
continued to languish in Europe, relative to the US. Europe has largely
caught up to the US in the deployment of information technology, but
productivity growth in IT-using sectors has increased much less in
Europe. On a positive note, the employment of high-skilled labor has
continued to grow as a proportion of total employment in Europe.
Investment in intangible assets, including research and development
and human capital, has held up better than other forms of investment.
The failure to create a single market in services remains a significant
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barrier to the revival of investment, but presents important opportu-
nities for stimulating economic growth in the future.

The Second World KLEMS Conference was held at Harvard
University on August 2012.15 The conference included reports on
progress in the development of industry-level datasets.16 Regional
organizations in Asia and Latin America have joined the EU in sup-
porting research on industry-level datasets. Due to the growing recog-
nition of the importance of these datasets, an effort was underway to
extend the new framework to emerging and transition economies,
such as Brazil, China, India, Mexico, and Russia.

The Latin American regional organization of the World KLEMS
Initiative, LA KLEMS, was established in December 2009 at a confer-
ence at the Economic Commission for Latin America and the Caribbean
(ECLAC), in Santiago, Chile.17 This organization is co-ordinated by
ECLAC and includes research organizations and statistical agencies in
leading Latin American countries.18 Mario Cimoli, Andre Hofman, and
Nanno Mulder (2010) have summarized the results of the initial phases
of the LA KLEMS project.

The current state of the LA KLEMS project is summarized by André
Hofman, Matilde Mas, Claudio Arevena, and Juan Fernández de
Guevara in Chapter 5 of this book. This chapter presents industry-
level data on outputs, inputs, and productivity for Argentina, Brazil,
Chile, Columbia, and Mexico. The most remarkable finding is that
none of these Latin American economies has experienced growth in
output per unit of input over the period 1990–2010. All of the growth
of the five Latin American economies during these two decades is due to
replication of existing technologies and none to innovation.

A detailed report on Mexico KLEMS was published in 2013 by the
National Institute of Statistics and Geography (INEGI).19 This was
presented at an international seminar at the Instituto Technologico

15 For the program and participants see: www.worldklems.net/conference2.htm.
16 The conference program and presentations are available at: www.worldklems

.net/conference2.htm.
17 For the program and participants see: www.cepal.org/de/agenda/8/38158/

Agenda.pdf.
18 Additional information about LA-KLEMS is available on the project website:

www.cepal.org/cgi-bin/getprod.asp?xml=/la-klems/noticias/paginas/4/40294
/P40294.xml&xsl=/la-klems/tpl-i/p18f-st.xsl&base=/la-klems/tpl-i/top-bot
tom.xsl.

19 Instituto Nacional de Estadistica y Geografia (2013).
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Autonoma de Mexico (ITAM) in Mexico City on October 2013.20

Mexico KLEMS includes a complete industry-level productivity data-
base for 1990–2011 that is integrated with the Mexican national
accounts and will be updated annually. This report confirms that
productivity has not grown in Mexico since 1990. Periods of positive
economic growth have been offset by the negative impacts of the
Mexican sovereign debt crisis of 1995, the US dot-com crash in 2000,
and the US financial and economic crisis of 2007–2009.

Asia KLEMS, the Asian regional organization of the World KLEMS
Initiative, was founded in December 2010. The first Asia KLEMS
Conference was held at the Asian Development Bank Institute in
Tokyo in July 2011.21 Asia KLEMS includes the Japan Industrial
Productivity Database,22 the Korea Industrial Productivity Database,23

and the China Industrial Productivity Database.24 Industry-level
databases have been constructed for Taiwan and work is underway
to develop a database forMalaysia. These databases were discussed at
the Second Asia KLEMS Conference, held at the Bank of Korea in
Seoul in August 2013.25

The Third World KLEMS Conference was held in Tokyo in May
2014.26 This conference discussed industry-level datasets for almost
forty countries, including participating countries in the three regional
organizations thatmake up theWorldKLEMS Initiative –EUKLEMS in
Europe, LA KLEMS in Latin America, and Asia KLEMS in Asia.
The ThirdWorld KLEMSConference included reports on new industry-
level data sets for China, India, and Russia. In addition, the conference
considered research on linking datasets for forty countries through the
WIOD.27

20 For the program and participants see: www.inegi.org.mx/eventos/2013/contabi
lidad_mexico/presentacion.aspx.

21 For the program and participants see: http://asiaklems.net/conferences/confer
ences.asp. Asia KLEMS was preceded by International Comparison of
Productivity among Asian Countries (ICPAC). The results were reported by
Jorgenson et al. (2007).

22 See: www.rieti.go.jp/en/database/JIP2014/index.html. Data are available for
108 industries covering the period 1970–2011.

23 See: www.kpc.or.kr/eng/state/2011_kip.asp?c_menu=5&s_menu=5_4.
24 See: www.rieti.go.jp/en/database/CIP2011/index.html.
25 For the program and participants see: http://asiaklems.net/conferences/confer

ences.asp.
26 See: http://scholar.harvard.edu/jorgenson/world-klems.
27 See: www.wiod.org/new_site/home.htm.

24 Dale W. Jorgenson

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.001
https://www.cambridge.org/core


The China Industrial Productivity (CIP) database was released in
April 2015 by the Research Institute for Economy, Trade, and Industry
(RIETI). This is a key component of RIETI’s East Asian Industrial
Productivity Project,28 along with the Japan Industrial Productivity
Database employed by Fukao and his co-authors in Chapter 3 of this
book. The CIP database has been constructed by Harry Wu of
Hitotsubashi University and is reported in Chapter 6. This database
covers the period 1980–2010, almost the entire period since the epoch-
making reforms in China, initiated under Deng Xiaoping in 1978.
During this period the Chinese economy has grown at the remarkable
annual rate of 9.2 percent per year, liftingmore than 600million people
out of extreme poverty and elevating China to the status of the world’s
leading economy in terms of purchasing power.

Wu finds that 7.1 percentage points of China’s GDP growth of
9.2 percent per annum during this period can be attributed to
increases in labor productivity and 2 percentage points to growth in
hours worked. Further decomposition of labor productivity growth
shows that 5.6 percentage points are explained by capital deepening,
0.4 by percentage points by labor quality improvements, and
1.2 percentage points by TFP growth. Thus, capital deepening was
the main engine of economic growth, but TFP growth also made
a non-negligible contribution.

Comparing industries, Wu shows that industries subject to less gov-
ernment intervention, such as agriculture and semi-finished and fin-
ished goods manufacturing industries, have enjoyed faster productivity
growth than those subject to more government intervention, such as
the energy industries. He also finds large positive factor reallocation
effects, particularly with regard to labor. These findings suggest that
there is room for stimulating productivity growth by disentangling
government from business and allowing market forces to improve the
cost structures of regulated and government-owned industries.

The India KLEMS database was released in July 2014 by the Reserve
Bank of India.29 This database covers twenty-six industries for the
period 1980–2011. The India KLEMS database is presented by Deb
Kusum Das, Abdul A. Erumban, Suresh Aggarwal, and Sreerupa
Sengupta in Chapter 7. Beginning in the 1980s, liberalization of the

28 See: www.rieti.go.jp/en/projects/program/pg-05/008.html.
29 See: www.rbi.org.in/scripts/PublicationReportDetails.aspx?UrlPage=&ID=785.
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Indian economy has resulted in a gradual and sustained acceleration in
economic growth. The stagnant share of manufacturing in the GDP
and the rapid growth in the share of services is a surprising feature.
Given the shrinking proportion of agriculture in the GDP and the size
of the Indian agricultural labor force, another surprise is that growth of
capital input has been the most important source of growth in manu-
facturing and services, as well as more recently in agriculture.

Russia KLEMS was released in July 2013 by the Laboratory for
Research in Inflation andGrowth at the Higher School of Economics in
Moscow.30 This is discussed in detail by Marcel P. Timmer and Ilya
B. Voskoboynikov in Chapter 8 of this book. Russia’s recovery from
the sharp economic downturn that followed the dissolution of the
Soviet Union has been very impressive. Surprisingly, increases in pro-
ductivity growth widely anticipated by observers inside and outside
Russia have characterized only the service industries, which were under-
developed under central planning.Mining industries have attracted large
investments without corresponding gains in efficiency. The recent col-
lapse in world oil prices poses an important challenge for the future
growth.

An important theme of the Third World KLEMS Conference was the
extension of the measurement of capital inputs to include intangible
assets, such as human capital and intellectual property, as well as tangi-
ble assets – plant, equipment, and inventories. Carol Corrado, Jonathan
Haskel, and Cecilia Jona-Lasinio present results for European econo-
mies in Chapter 9. Hyunbae Chun, Miyagawa Tsutomu, Hak Kil Pyo,
and Tonogi Konomi compare these investments in Japan and Korea in
Chapter 10. Finally, Gang Liu and Barbara M. Fraumeni consider
investment in human capital in Chapter 12.

In Chapter 9 Corrado, Haskel, and Jona-Lasinio combine a new
dataset on investment in intangible assets with data on growth and
productivity from the EU KLEMS study for fourteen European coun-
tries over the period 1995–2010. Intangible investments include
research and development, as well as non-research and development
expenditures. Investment in research and development is taken from
Eurostat, while non-research and development includes expenditures
included in the national accounts, such as software, minerals explora-
tion, and some forms of intellectual property such as artistic originals.

30 See: www.hse.ru/en/org/hse/expert/lipier/ruklems.
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The authors make imputations for own-account investments in intan-
gibles not included in the national accounts.

Expanded growth accounts for Europe, including investments in
intangibles, are dominated by the service industries. For these indus-
tries non-research and development investment greatly predominates.
Growth of output per unit of input in the service industries is very low
in Europe and negative in Italy and Spain. In the manufacturing indus-
tries both tangible and intangible forms of investment are important
sources of growthwith research and development playing an important
role. Chapter 9 concludes with an investigation of the relationship
between intangibles and information technology. These capital inputs
are complementary, since the impact of intangibles in economic growth
is greater for industries and countries with greater information tech-
nology intensities.

Using the Japan Industrial Productivity (JIP) database, the Korea
Industrial Productivity (KIP) database, and other primary statistics
for Japan and Korea, Chun, Miyagawa, Pyo, and Tonogi estimate
and compare intangible investment in Japan and Korea at the industry-
level for the period 1980–2010. Employing growth accounting with
intangibles, they find that the contribution of intangible investment to
economic growth in Japan decreased significantly after 1995.

The contribution of intangibles to productivity growth in Japan after
1995 is lower than in Korea and also in Europe and the US. There is no
positive cross-sectional correlation between information technology
assets and intangibles. Unlike other industrialized economies, Japan
has been unable to fully exploit the synergies of investments in infor-
mation technology and intangibles. An important policy implication is
that policies to promote intangible investment in Japan should be
accompanied by policies to stimulate investment in information
technology.

The 2014 benchmark revision of the US industry accounts is pre-
sented in Chapter 11 by Steven Rosenthal, Matthew Russell, Jon
D. Samuels, Erich H. Strassner, and Lisa Usher, “BEA/BLS industry-
level production account for the US: integrated sources of growth,
intangible capital, and the US recovery.” The chapter covers the
period 1997–2012 for the sixty-five industrial sectors used in the
US National Income and Product Accounts (NIPAs). The capital
and labor inputs are provided by the Bureau of Labor Statistics,
while output and intermediate inputs are generated by Bureau of
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Economic Analysis.31 This industry-level production account is
included in the NIPAs and is updated annually.

Quantitatively, investment in human capital is themost important form
of investment in intangible assets. In Chapter 12 Gang Liu and Barbara
Fraumeni review the recent empirical literature on this significant form of
investment. They compare four different approaches and present detailed
results from Liu’s OECD study of sixteen countries plus China and India,
based on the lifetime income approach of Jorgenson and Fraumeni (Liu
2014). They also summarize the expanded growth accounts for the US by
Fraumeni, Christian, and Samuels, treating investment in human capital
as an output of the economy and from human capital as an input
(Fraumeni, Christian, and Samuels 2015). The role of total factor pro-
ductivity as a source of growth of the expanded concept of output ismuch
below the proportionate contribution to the market-based concept of
output used in the studies that comprise the rest of this book.

Linked datasets for two or more countries are essential for analyzing
the role of international trade and investment in economic growth.
In Chapter 13 Dale W. Jorgenson, Koji Nomura, and Jon D. Samuels
have compiled linked KLEMS-type databases for thirty-six industries
in Japan and the US. The database covers the entire economy in each of
the two countries, as well as trade links among the two countries and
the rest of the world. The data are presented in current and constant
prices, using purchasing power parities (PPPs) for outputs and inputs as
well as imports and exports.

Jorgenson, Nomura, and Samuels present a detailed analysis of the
relative competitiveness of industries in the two countries over the
period 1955–2012. They find that the wide Japan–US productivity
gap that existed in 1955 shrank over the following three decades, so
that Japan came close to parity with the US in 1991. After the collapse
of the “bubble economy” in Japan, the Japan–US productivity gap
widened again and in 2012 only a few industries in Japan retained
a productivity advantage over their US counterparts.

Jorgenson, Nomura, and Samuels find that industries sheltered from
international competition offer the greatest opportunities for improve-
ment in productivity performance. The US could reinvigorate produc-
tivity growth in medical care or at least avert further decline. This
would relieve much of the budgetary pressure from the rapidly rising

31 An earlier “prototype” was published by Susan Fleck et al. (2014).
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cost of health care at every level of the US government. In the case of
Japan, large opportunities remain to improve productivity by removing
barriers to entry and eliminating regulations that limit price competi-
tion in five sheltered industries – real estate, electricity and gas, con-
struction, other services, finance and insurance, and wholesale and
retail trade.

The final two chapters of this book, Chapter 14 by Robert Inklaar
and Chapter 15 by Marcel P. Timmer, Bart Los, and Gaaitzen J. de
Vries, employ the World Input–Output Database (WIOD), a unified
accounting framework for thirty industries in forty countries for the
period 1995–2011. The WIOD includes a time series of input–output
tables containing inputs and outputs of intermediate goods for each
country in current and constant prices. The prices of inputs and outputs
are expressed in terms of purchasing power parities and separate price
indexes are used to deflate trade flows among the forty economies and
the rest of the world.32

The WIOD is especially valuable in analyzing the development of
global value chains in Asia, North America, and Europe. International
trade is decomposed by tasks performed at each link of the value chain.
Trade in tasks can be compared with trade in commodities, which
involves “double-counting” of intermediate goods as products pass
through the value chain. The WIOD is augmented by measures of
capital and labor inputs. As Inklaar points out, an important limitation
is that capital input is identified with capital stocks, rather than capital
services. However, labor input includes three types of labor – unskilled,
medium-skilled, and high-skilled – so that changes in labor quality can
be quantified for all industries and all economies.

In Chapter 14 Inklaar uses theWIOD to study one of themost striking
of the recent changes in the world economy. More than a century of
divergence in levels of aggregate output per capita and productivity
among countries ended in around 2000. Inklaar shows that most of
the subsequent convergence has taken place in manufacturing. The
relative decline in the share of agriculture in GDP, especially in emerging
economies, provides a modest contribution to convergence. A second
aim of the chapter is to examine the possible explanations of conver-
gence by testing their impact on productivity growth and proximity to

32 The WIOD is described in detail by Timmer et al. (2015). The WIOD is
available online at: www.wiod.org/new_site/home.htm.
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the productivity frontier. The results are largely negative, creating an
agenda for future research.

Using the WIOD in Chapter 15, Timmer, Los, and de Vries have
analyzed changes in global value chains, the set of activities needed to
generate the value of final goods, from 1995 to 2011. They find
increasing international fragmentation in the production of manufac-
tures, indicated by the growing share of foreign value added in produc-
tion. This has been accompanied by a rapid shift towards higher-skilled
activities in advanced economies. Emerging economies are increasing
their shares in global value chain incomes with much of the increase
driven by rapid growth in China. One of the central findings is that
regional value chains are now merging into global value chains invol-
ving economies around the world (Timmer et al. 2014).

Timmer, Los, and de Vries find that tasks performed in global value
chains are increasingly carried out in the service sectors. This inter-
twining of manufacturing and services implies that trade policy should
focus on activities or tasks in global value chains rather than the
industrial sectors in which they are carried out. A myopic focus on
job creation in manufacturing or countering fears of deindustrializa-
tion should be avoided. The WIOD is providing a model for an
expanded version at the OECD with support from the WTO.33
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2 US economic growth – retrospect
and prospect: lessons from a prototype
industry-level production account
for the US, 1947–2012
dale w. jorgenson, mun s. ho, and
jon d. samuels

2.1 Introduction

In order to analyze the long-term growth of the US economy we have
constructed a new dataset on the growth of US output and productiv-
ity by industry for 1947–2012. This includes the output for each of
the sixty-five industries represented in the US national accounts, as
well as the inputs of capital (K), labor (L), energy (E), materials (M),
and services (S). The key indicator of innovation is productivity
growth for each industry, where productivity is the ratio of output
to input.

We build on the work of Jorgenson, Ho, and Stiroh (2005), who
have presented a less detailed industry-level dataset for the US economy
for 1977–2000. Data for 1947–1977 capture the development of the
telecommunications services and equipment industries before the com-
mercialization of semiconductor technology. Data for 2000–2012
highlight the slowdown in productivity growth and the drop in invest-
ment during and after the Great Recession of 2007–2009.

We project the future growth of the US economy by adapting the
methodology of Jorgenson, Ho, and Stiroh (2008).1 We aggregate over
industries to obtain data on the sources of US economic growth and
project the future growth of hours worked and labor productivity.

In the next section we incorporate our industry-level data set into the
US National Income and Product Accounts (NIPAs). Paul Schreyer’s
(2001) Organisation for Economic Development and Cooperation
(OECD) manual, Measuring Productivity, has established international

1 Jorgenson and Vu (2013) employ this methodology to project the growth of the
US and the world economy.
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standards for economy-wide and industry-level productivity measure-
ment, exemplified by Jorgenson, Gollop, and Fraumeni (1987). The
methodology for our new dataset is consistent with the OECD
standards.

Our dataset comprises a prototype production account within the
framework of the US national accounts. Over the 1998–2012 period,
our industry-level production account is consistent with industry-level
production accounts presented by Rosenthal, Russell, Samuels,
Strassner, and Usher (Chapter 11, this volume). We aggregate indus-
tries by means of the production possibility frontier employed by
Jorgenson et al. (2005) and Jorgenson and Schreyer (2013). This
links industry-level data with the economy-wide data reported by
Harper, Moulton, Rosenthal, and Wasshausen (2009).2

In the following section of the chapter we analyze the changing
sources of postwar US economic growth.We divide the postwar period
into three broad sub-periods: the Postwar Recovery, 1947–1973, the
Long Slump following the 1973 energy crisis, 1973–1995, and the
recent period of Growth and Recession, 1995–2012. We focus more
narrowly on the period of Growth and Recession by considering the
sub-periods 1995–2000, 2000–2007, and 2007–2012 – the Investment
Boom, the Jobless Recovery, and the Great Recession.

We show that the great preponderance of US economic growth since
1947 involves the replication of existing technologies through invest-
ment in equipment and software and expansion of the labor force.
Contrary to the well-known views of Robert M. Solow (1957) and
Simon Kuznets (1971), innovation accounts for a relatively modest
20 percent of US economic growth. This is the most important empiri-
cal finding from the extensive recent research on productivity measure-
ment summarized by Jorgenson (2009).

The predominant role of replication of existing technologies in US
economic growth is crucial to the formulation of economic policy.
During the protracted recovery from the Great Recession of 2007–
2009, US economic policy should focus on maintaining the growth of
employment and reviving investment. Policies for enhancing the rate of
innovation would have a very limited impact in the medium term.

2 The most recent data set is available at: www.bea.gov/national/integrated_prod
.htm. Our data for individual industries could also be linked to firm-level data
employed in the micro-economic research reviewed by Syverson (2011).
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Wenext consider the future growth of the US economy for the period
2012–2022. We project future growth of the US labor force from
demographic projections. We project the future growth of the quality
of labor input from the educational attainment of age cohorts that have
recently entered the labor force. We find that US economic growth will
slow substantially from the period 1990–2012, mainly due to amarked
slowdown in labor quality growth.

Labor quality growth represents the upgrading of the labor force
through higher educational attainment and greater experience. While
much attention has been devoted to the aging of the labor force and the
ongoing retirement of the baby boomers, the looming plateau in aver-
age educational attainment of US workers has been overlooked. The
educational attainment of people emerging from the educational sys-
tem, while high, has been nearly constant for the past decade. Rising
average educational attainment is about to become part of US eco-
nomic history.

We find that US economic growth will recover from the Great
Recession period 2007–2012 through the resumption of productivity
growth and the recovery of investment in capital input. However, the
long-term growth of the US economy will depend critically on the
performance of the relatively small number of sectors where innovation
takes place.

2.2 A prototype industry-level production account for the US,
1947–2012

In December 2011 the Bureau of Economic Analysis (BEA) released an
integrated industry-level dataset. This combines three separate industry
programs – benchmark input–output tables released every five years,
annual input–output tables, and gross domestic product (GDP) by
industry, also released annually. The input–output tables provide
data on the output side of the national accounts along with intermediate
inputs in current and constant prices. This account forms the foundation
of our industry-level production account. The BEA’s industry-
level dataset is described in more detail by Mayerhauser and
Strassner (2010).

McCulla, Holdren, and Smith (2013) summarize the 2013 bench-
mark revision of the NIPAs. A particularly significant innovation is
the addition of intellectual property products such as research and
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development and entertainment, artistic, and literary originals.
Investment in intellectual property is treated symmetrically with
other types of capital expenditures. Intellectual property products
are included in the official national product and the capital services
generated by these products are included in the national income in our
integrated production account. Kim, Strassner and Wasshausen
(2014) discuss the 2014 benchmark revision of the industry accounts,
including the incorporation of intellectual property.

BEA’s annual input–output data are employed in the industry-level
production accounts presented by Rosenthal et al. (Chapter 11, this
volume). This covers the period 1998–2012 for the sixty-five industrial
sectors used in the NIPAs. The capital and labor inputs are provided by
the Bureau of Labor Statistics (BLS), while output and intermediate
inputs are generated by the BEA.3 Labor quality estimates are based on
the methodology in Jorgenson et al. (2005) and are broadly consistent
with the labor quality estimates in our prototype account.

Our estimates of nominal output and intermediate input for 1998–
2012 are consistent with the BEA/BLS industry-level production
accounts. For the period 1947–1997 we begin with a time series of
input–output tables in current prices on a North American Industry
Classification System (NAICS) basis constructed by Mark Planting,
former head of the input–output accounts at BEA, and adjust them to
reflect the 2013 benchmark revision of the NIPAs and industry
accounts. This time series incorporates all earlier benchmark input–
output tables for the US, including the first benchmark table for 1947.

The Planting estimates for 1947–1962 consisted of only forty-six
industries and we expanded them to the sixty-five sectors in the current
BEA accounts using the work in Jorgenson et al. (1987) for 1948–1979.
We deflated these nominal data using the BEA industry prices for 1998–
2012 and prices estimated in Jorgenson et al. (1987), Jorgenson et al.
(2005) for 1977–2000, and Jorgenson, Ho, and Samuels (2012) for
1960–2007.We have revised, extended, and updated the data on capital
and labor inputs in constant prices from the same sources.4 Finally, we

3 Earlier data are presented by Fleck, Rosenthal, Russell, Strassner, and Usher
(2014). For current data, see: www.bea.gov/industry/index.htm#integrated.

4 A detailed description of the data construction is given in “Data Appendix to
US Economic Growth: Retrospect and Prospect” which is available at
www.worldklems.net/data.htm.We are grateful to the BEA Industry Division for
sharing their labor quality estimates for 2010–2012 with us.
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obtain an industry-level production account for the US, covering the
period 1947–2012 in current and constant prices. This KLEMS-type
dataset is consistent with the BEA’s annual input–output tables for
1998–2012.

2.2.1 Changing structure of capital input

Swiftly falling information technology (IT) prices have provided
powerful economic incentives for the rapid diffusion of IT through
investment in hardware and software. Figure 2.1 presents price indices
for 1973–2012 for asset categories included in our measures of capital
input – equipment, computers, software, research and development,
artistic originals, and residential structures. A substantial acceleration
in the IT price decline occurred in 1995, triggered by a much sharper
acceleration in the price decline for semiconductors. The IT price
decline after 1995 signaled even faster innovation in the main
IT-producing industries – semiconductors, computers, communica-
tions equipment, and software – and ignited a boom in IT investment.

The price of an asset is transformed into the price of the corre-
sponding capital input by the cost of capital, introduced by Jorgenson

× × × × × × × × × × × × × × × × × ×

×

× × × × × × × × × × × × × × × × × × × × × × ×

0
Equipment Computers Software R&D Res strucArt org

1
1973 1978 1983 1988 1993 1998 2003 2008 2013

10

100

1000

Figure 2.1 Price of investment relative to GDP deflator (log scale)
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(1963). The cost of capital includes the nominal rate of return, the rate
of depreciation, and the rate of capital loss due to declining prices.
The distinctive characteristics of IT prices – high rates of price decline
and rates of depreciation – imply that cost of IT capital input relative
to the IT asset price is very large by comparison with non-IT capital
input.

Schreyer (2009) provides recommendations for the construction of
prices and quantities of capital services. In the System of Natioonal
Accounts 2008 (United Nations 2009, 415), estimates of capital ser-
vices are described as follows: “By associating these estimates with the
standard breakdown of value added, the contribution of labor and
capital to production can be portrayed in a form ready for use in the
analysis of productivity in a way entirely consistent with the accounts
of the System.”

To capture the impact of the rapid decline in IT equipment prices and
the high depreciation rates for IT equipment we distinguish between
the flow of capital services and the stock of capital. Figure 2.2 gives the
share of IT in the value of total capital stock and the share of IT capital
services in total capital input. The IT stock share rose from 1.4% in
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Figure 2.2 Shares of IT stock, IT capital services, and IT service output in total
economy
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1960 to 5.3% in 1995 on the eve of the IT boom and reached a high of
6.4% in 2001 after the dot-com bubble burst. This share fell to 5.1%
during the Jobless Recovery when there was a plunge in IT investment
and only a partial recovery.

The share of the IT service flow in total capital input is much higher
than the IT share in total capital stock. The share of the IT service flow
in total capital input was 5–7% during 1960–84 and rose with the
rapid growth in IT investment during 1995–2000, reaching a peak of
15.8% in 2000. The IT service flow then declined with the fall in the IT
stock, ending with a sharp plunge in the Great Recession.

By contrast with the production of IT equipment, the IT services
industries – information and data processing and computer system
design – increased steadily between 2005 and 2012. The share of the
gross output of these two industries in the value of total gross output,
shown in Figure 2.2, declined slightly from 1.45% in 2000 to 1.29% in
2005 and then continued to rise, hitting a high of 1.60% in 2012. This
reflects the displacement of in-house hardware and software by the
growth of IT services like cloud computing.

Investment in intellectual property products (IPP) since 1973 is
shown in Figure 2.3. This proportion grew during the Investment
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Figure 2.3 Share of intellectual property investment in GDP (%)
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Boom of 1995–2000 to 4 percent of US GDP and has declined only
slightly since the peak around 2000. Investment in research and devel-
opment also peaked around 2000, but has remained close to 2 percent
through the Great Recession of 2007–2012.

The intensity of the use of IT capital input differs substantially by
industry. Figure 2.4 shows the share of IT in total capital input for
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each of the sixty-five industries on the eve of the Great Recession in
2005. There is an enormous range from less than 0.5% in farms and
real estate to about 80% for computer system design and information
and data processing. The sectors with the higher-valued added growth
have mostly high IT shares – the two IT service industries just noted –

as well as publishing (72%), broadcasting and telecommunications
(61%), securities (76%), and administrative services (59%). The high
growth industries with low IT shares are petroleum products (3.9%),
truck transportation (12%), rental and leasing (12%), and social
assistance (17%).

In Figure 2.5 we give a scatter plot of factor productivity (TFP)
growth during 1995–2012 and the 2005 share of IT capital services in
total capital. The positive correlation here is weak; the industries
with the high IT intensity and high productivity growth are computer
products, securities and commodities, computer system design, pub-
lishing, broadcasting and telecommunications, and administrative
services. Industries with moderate IT intensity and high TFP growth
include wholesale trade, water transportation, air transportation,
and miscellaneous manufacturing. The sectors with moderate IT
intensity and negative TFP growth are educational services and
legal services.
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2.2.2 Changing structure of labor input

Our labor input index recognizes differences in labor compensation for
workers of different ages, educational attainment, and gender, as
described in detail by Jorgenson et al. (2005, ch. 6). Labor quality
growth is the difference between the growth of labor input and the
growth of hours worked. For example, shifts in the composition of
labor input toward more highly educated workers, who receive higher
wages, contribute to the growth of labor quality. Of the 1.45 percent
annual growth rate of labor input over 1947–2012, hours worked
contributed 1.01 points and labor quality 0.43 points. Figure 2.6
shows the decomposition of changes in labor quality into age, educa-
tion, and gender components.

During the Postwar Recovery of 1947–1973 the massive entry of
young, lower wage, workers contributed –0.04 percent annually to
labor quality change, while increasing female work force participation
contributed –0.10 percent, reflecting the lower average wages of female
workers. The improvement in labor quality is due to rising educational
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Figure 2.6 Contribution of education, age and gender to labor quality,
1947–2012
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attainment, which contributed 0.37 percent. During the Long Slump of
1973–1995, the rise of female workers accelerated and the gender
composition change contributed –0.15 points, while the aging of the
work force contributed 0.17 points and education 0.40.

The contribution of higher educational attainment to labor quality
growth accelerated to 0.48 percent during the period of Growth and
Recession, 1995–2012. As workers gained in experience, aging of the
work force also rose to 0.20, but this was more than offset by the drop
in the contribution of gender to –0.22, capturing increased female labor
force participation. Considering the period of Growth and Recession in
more detail in Figure 2.7, we see that labor quality growth rose steadily
during the period, but declined slightly in 1995–2000 relative to the
Long Slump of 1973–1995 as a consequence of a jump in labor force
participation. The drastic decline in the gender contribution during the
Great Recession period 2007–2012, reflects the fact that unemploy-
ment rates rose much more sharply for men than for women.

The change in the educational attainment of workers is the main
driver of changes in labor quality and this is plotted in Figure 2.8. In
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Figure 2.7 Contribution of education, age and gender to labor quality,
1995–2012

44 Jorgenson, Ho, and Samuels

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.002
https://www.cambridge.org/core


1947 only 6.6% of the US work force had completed four or more
years of college. By 1973 this proportion had risen to 14.5% and by
1991 to 24.8%. There was a change in classification in 1992 from years
enrolled in school to years of schooling completed.

By 2012 32.7% of US workers had a BA degree or higher. The fall in
the share of workers with lower educational attainment accelerated
during the Great Recession.

The increase in the “college premium,” the difference between wages
earned by workers with college degrees and wages of those without
degrees, has been widely noted. In Figure 2.9 we plot the compensation
of workers by educational attainment, relative to those with a high
school diploma (four years of high school). We see that the four-year
college premium was stable at about 1.4 in the 1960s and 1970s, but
rose to 1.6 in 1995 and 1.8 in 2000. The college premium stalled
throughout the 2000s. The Masters-and-higher degree premium rose
even faster than the BA premium between 1980 and 2000 and contin-
ued to rise through the mid-2000s.

A possible explanation for the rise in relative wages for college work-
ers with a rising share of theseworkers is that they are complementary to
the use of information technology. The most rapid growth of the college
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Figure 2.8 Distribution of education attainment of work force
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premium occurred during the 1995–2000 boom when IT capital made
its highest contribution to GDP growth. Our industry-level view of
postwar US economic history allows us to also consider the role of
changing industry composition in determining relative wages.

Table 2.1 gives the work force characteristics by industry for 2010.
The industries with the higher share of college-educated workers are
also those that expanded rapidly –industries that produce computer
and electronic products, publishing (including software), information
and data processing, and computer systems design, as well as industries
that use these IT products and services – securities and commodity
contracts, legal services, professional and technical services, and edu-
cational services. Not all sectors that expanded faster than average,
such as retail trade and truck transportation, are dominated by highly
educated workers. However, in declining sectors like mining, primary
metals, and textiles the work force consists predominantly of less
educated workers.

After educational attainment the most important determinant of
labor quality is the age of the worker. We have noted that the entry
of the baby boomers into the labor force contributed negatively to
labor quality growth during 1947–1973 and that the aging of these
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Table 2.1 Labor characteristics by industry, 2010

% workers
college
educated

compensation
($/hour)

% of total
hours; aged
16–35

% total
hours;
females

% females
college
educated

% males
college
educated

1 Farms 15.1 19.5 20.3 14.7 18.6 14.3
2 Forestry fishing and related activities 16.4 16.6 30.8 15.3 30.6 13.3
3 Oil and gas extraction 38.6 79.5 14.6 22.2 44.4 36.7
4 Mining except oil and gas 11.8 39.2 20.2 8.8 28.0 10.1
5 Support activities for mining 26.0 37.6 25.8 13.8 39.4 23.4
6 Utilities 24.0 64.0 22.0 23.4 28.6 22.6
7 Construction 14.0 31.6 33.9 8.9 24.8 12.8
8 Wood products 12.2 26.0 32.9 15.1 17.3 11.1
9 Non-metallic mineral products 18.1 32.3 26.0 19.7 21.6 17.2
10 Primary metals 17.7 39.7 26.0 13.5 24.8 16.6
11 Fabricated metal products 15.2 32.2 27.7 17.7 15.9 15.0
12 Machinery 24.5 38.7 25.6 19.4 24.2 24.6
13 Computer and electronic products 62.3 56.7 31.0 30.3 54.2 66.0
14 Electrical equipment appliances 44.2 52.5 26.4 30.9 33.6 49.2
15 Motor vehicles bodies and parts 23.6 37.9 28.4 21.8 20.8 24.4
16 Other transportation equipment 31.4 50.6 22.6 17.3 30.9 31.7
17 Furniture and related products 15.6 26.3 31.5 24.3 17.4 15.0
18 Miscellaneous manufacturing 32.1 40.7 26.8 35.6 26.3 35.7
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Table 2.1 (cont.)

% workers
college
educated

compensation
($/hour)

% of total
hours; aged
16–35

% total
hours;
females

% females
college
educated

% males
college
educated

19 Food, beverage, and tobacco 23.8 27.2 24.3 31.5 23.2 24.2
20 Textile mills and textile product

mills
14.0 25.6 26.5 45.2 11.9 15.8

21 Apparel and leather products 17.6 27.0 27.4 55.9 15.4 20.9
22 Paper products 18.8 37.3 23.9 20.7 18.5 18.9
23 Printing and related support

activities
22.0 29.5 28.7 32.2 23.1 21.4

24 Petroleum and coal products 32.9 81.5 17.7 17.4 45.2 30.0
25 Chemical products 49.5 54.1 27.4 35.2 49.1 50.3
26 Plastics and rubber products 16.4 30.7 30.2 28.5 11.4 18.5
27 Wholesale trade ` 41.2 29.1 26.0 32.6 31.7
28 Retail trade 15.8 23.0 35.4 42.0 14.4 17.3
29 Air transportation 38.2 49.5 28.6 35.9 36.7 39.1
30 Rail transportation 13.2 50.7 14.0 8.3 28.7 11.7
31 Water transportation 31.1 51.6 19.1 19.6 32.6 30.6
32 Truck transportation 8.6 28.0 24.6 11.1 14.4 7.8
33 Transit, ground passenger

transportation
16.3 22.8 18.4 23.5 11.5 18.1

34 Pipeline transportation 32.8 65.6 17.5 18.4 45.6 29.6

35 Other transportation and support 19.7 33.5 34.1 20.7 22.3 19.0
36 Warehousing and storage 12.6 29.2 35.6 26.3 13.2 12.4
37 Publishing industries (includes

software)
60.2 52.5 38.1 42.8 59.7 60.5

38 Motion picture and sound recording 45.9 46.4 47.9 31.6 48.8 44.3
39 Broadcasting and

telecommunications
39.5 46.7 37.9 39.0 42.4 37.7

40 Information and data processing
services

55.4 55.0 47.7 40.8 50.8 59.1

41 Federal Res banks, credit
intermediation

42.4 42.1 36.5 60.1 30.3 62.8

42 Securities, commodity contracts 71.9 120.6 38.3 35.2 58.0 80.7
43 Insurance carriers 46.6 48.7 28.5 56.4 33.9 65.0
44 Funds, trusts, and other financial

vehicles
71.0 99.4 40.7 37.3 57.1 80.4

45 Real estate 40.6 31.1 18.6 46.6 36.1 45.1
46 Rental, leasing, and lessors of

intangibles
25.4 31.1 45.0 28.8 24.1 26.0

47 Legal services 65.5 57.5 29.0 53.1 46.3 90.6
48 Computer systems design 68.6 56.7 41.1 28.5 67.0 69.3
49 Misc. professional and technical

services
65.3 46.9 31.1 42.3 58.9 70.6

50 Management of companies 53.4 62.2 28.9 51.4 39.8 69.4
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Table 2.1 (cont.)

% workers
college
educated

compensation
($/hour)

% of total
hours; aged
16–35

% total
hours;
females

% females
college
educated

% males
college
educated

51 Administrative and support services 20.1 24.8 37.7 40.4 23.2 17.9
52 Waste management 10.2 32.5 33.9 14.3 16.1 9.2
53 Educational services 64.2 28.8 27.5 65.9 64.2 64.2
54 Ambulatory health care services 38.8 39.2 27.5 74.2 30.8 66.6
55 Hospitals, nursing and residential

care
30.4 28.4 28.1 79.5 29.4 34.4

56 Social assistance 30.0 18.8 36.1 86.7 28.9 37.4
57 Performing arts, spectator sports 48.7 53.8 29.1 43.8 55.1 43.1
58 Amusements, gambling and

recreation
21.7 20.1 39.4 41.0 22.2 21.4

59 Accommodation 18.6 22.1 35.8 52.7 16.3 21.3
60 Food services and drinking places 11.1 14.8 53.5 47.9 9.9 12.2
61 Other services except government 17.9 25.7 26.7 64.8 18.8 19.3
62 Federal general government 52.0 63.3 19.5 54.6 49.6 54.9
63 Federal government enterprises 19.6 42.0 14.5 34.6 20.0 19.3
64 S&L government enterprises 29.9 40.9 25.4 40.2 28.9 30.7
65 S&L general government 48.6 36.3 23.5 61.2 48.6 50.6

Note: “College educated” workers are those with BA or BA+.
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workers contributed positively after 1973. We show the relative wages
of the different age groups, relative to the wages of the 25–34 age
group, in Figure 2.10. The wages of the prime age group, 45–54, rose
steadily relative to the young from 1.11 in 1970 to 1.41 in 1994.
During the peak of the information age, the wages of the younger
workers surged and the prime-age premium fell to 1.32.

The wage premium of the 35–44 and 55–64 groups show the same
pattern as the premium of prime age workers, first rising relative to the
25–34 year olds, then falling or flattening out during the IT boom. The
wage premium of the oldest workers is the most volatile but showed a
general upward trend throughout the postwar period 1947–2012. The
share of workers aged 65+ has been rising steadily since the mid-1990s
during a period of large swings in the wage premium. The relative
wages of the very young, 18–24, has been falling steadily since 1970,
reflecting the rising demand for education and experience.

2.3 Sources of US economic growth

In Information Technology and the American Growth Resurgence,
Jorgenson et al. (2005) analyzed the economic impact of IT at the
Standard Industrial Classification (SIC) industry level for 1977–2000
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Figure 2.10 Compensation by age relative to 25–34-year-olds

US economic growth – retrospect and prospect 51

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.002
https://www.cambridge.org/core


and provided a concise history of themain technological innovations in
information technology during the postwar period, beginning with the
invention of the transistor in 1947. Jorgenson et al. (2012) have con-
verted the industrial classification toNAICS and updated and extended
the data to cover seventy industries for the period 1960–2007.

The NAICS industry classification includes the industries identified
by Jorgenson, Ho, and Samuels (2014) as IT-producing industries,
namely, computers and electronic products and two IT services indus-
tries, information and data processing and computer systems design.
We have classified industries as IT-using the IT-intensity index of
Jorgenson et al. (2014). We classify all other industries as non-IT.

Value added in the IT-producing industries during 1947–2012 is
only 2.5 percent of the US economy, in the IT-using industries about
47.5 percent, and the non-IT industries the remaining 50 percent. The
IT-using industries are mainly in trade and services and most manu-
facturing industries are in the non-IT sector. The NAICS industry
classification provides much more detail on services and trade, espe-
cially the industries that are intensive users of IT. We begin by discuss-
ing the results for the IT-producing sectors, now defined to include the
two IT-service sectors.

Figure 2.11 reveals a steady increase in the share of IT-producing
industries in the growth of value added since 1947. This is paralleled by
a decline in the contribution of the non-IT industries, while the share of
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period
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IT-producing industriesIT-using industriesNon-IT industries

Figure 2.11 Contributions of industry groups to value added growth, 1947–2012
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IT-using industries has remained relatively constant. Figure 2.12
decomposes the growth of value added for the period 1995–2012.
The contributions of the IT-producing and IT-using industries peaked
during the Investment Boom of 1995–2000 and have declined since
then. However, the contribution of the non-IT industries also revived
during the Investment Boom and declined substantially during the
Jobless Recovery and the Great Recession.

Figure 2.13 gives the contributions to value added for the sixty-five
individual industries over the period 1947–2012. In order to assess
the relative importance of productivity growth at the industry level as
a source of US economic growth, we express the growth rate of
aggregate productivity as a weighted average of industry productivity
growth rates, using the ingenious weighting scheme of Evsey Domar
(1961)5. The Domar weight is the ratio of the industry’s gross output
to aggregate value added and they sum to more than one. This reflects
the fact that an increase in the rate of growth of the industry’s
productivity has a direct effect on the industry’s output and a second
indirect effect via the output delivered to other industries as inter-
mediate inputs.

The rate of growth of aggregate productivity also depends on the
reallocations of capital and labor inputs among industries. The rate

1995–2012 Growth
and recession

0.00

Non-IT industries IT-using industries IT-producing industries
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2000–2007 Jobless
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Figure 2.12 Contributions of industry groups to value added growth, 1995–2012

5 The formula is given in Jorgenson et al. (2005), equation 8.34.
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of aggregate productivity growth exceeds the weighted sum of
industry productivity growth rates when these reallocations are
positive. This occurs when capital and labor inputs are paid differ-
ent prices in different industries and industries with higher prices
have more rapid input growth rates. Aggregate capital and labor
inputs then grow more rapidly than weighted averages of industry
capital and labor input growth rates, so that the reallocations are
positive.

Figure 2.14 shows that the contributions of IT-producing, IT-using,
and non-IT industries to aggregate productivity growth are similar in
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Figure 2.13 Industry contributions to value added growth, 1947–2012
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magnitude for the period 1947–2012.6 The non-IT industries greatly
predominated in the growth of value added during the Postwar
Recovery, 1947–1973, but this contribution became negative after
1973. The contribution of IT-producing industries was relatively small
during the Postwar Recovery, but became the predominant source of US
productivity growth during the Long Slump, 1973–1995, and increased
considerably during the period of Growth and Recession, 1995–2012.

The IT-using industries contributed substantially to US economic
growth during the Postwar Recovery, but this contribution disap-
peared during the Long Slump, 1973–1995, before reviving after
1995. The reallocation of capital input made a small but positive
contribution to growth of the US economy for the period 1947–2012
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Figure 2.14 Contribution of industry groups to productivity growth, 1947–2012

6 The contribution of an industry is its annual TFP growth multiplied by its Domar
weight, and then averaged over the sub-period.
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and for each of the sub-periods. The contribution of reallocation of
labor input was negligible for the period as a whole. During the Long
Slump and the period of Growth and Recession, the contribution of the
reallocation of labor input was slightly negative.

Considering the period of Growth and Recession in more detail in
Figure 2.15, the IT-producing industries predominated as a source of
productivity growth during the period as a whole. The contribution of
these industries remained substantial during each of the sub-periods –
1995–2000, 2000–2007, and 2007–2012 – despite the sharp contrac-
tion of economic activity during the Great Recession of 2007–2009.
The contribution of the IT-using industries was slightly greater than
that of the IT-producing industries during the period of Jobless
Growth, but dropped to nearly zero during the Great Recession. The
non-IT industries contributed positively to productivity growth during
the Investment Boom of 1995–2000, but these contributions were
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Figure 2.15 Contribution of industry groups to productivity growth, 1995–2012
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almost negligible during the Jobless Recovery and became substantially
negative during the Great Recession.

Figure 2.16 gives the contributions of each of the sixty-five industries
to productivity growth for the postwar period. Wholesale and retail
trade, farms, computer and peripheral equipment, and semiconductors
and other electronic components were among the leading contributors
to US productivity growth during the postwar period. About half the
sixty-five industries made negative contributions to aggregate produc-
tivity. These include non-market services, such as health and education,
as well as resource industries, such as oil and gas extraction andmining,
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Figure 2.16 Industry contributions to productivity, 1947–2012
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affected by resource depletion. Other negative contributions reflect the
growth of barriers to resource mobility in product and factor markets
due, in some cases, to more stringent government regulations, but may
also reflect measurement challenges.

Figure 2.17 gives the sources of US growth. The contributions of
college-educated and non-college-educated workers to US economic
growth are given by the relative shares of these workers in the value of
output, multiplied by the growth rates of their labor input. The con-
tribution of college-educated workers predominated in the growth of
labor input during the postwar period 1947–2012. This contribution
jumped substantially from the Postwar Recovery period 1947–1973 to
the period 1973–1995 of the Long Slump. The contribution of non-
college workers predominated during the Postwar Recovery, but
declined steadily and almost disappeared during the period 1995–
2012 of Growth and Recession.

Capital input was the predominant source of US economic growth
for the postwar period 1947–2012, accounting for 1.62 percent of US
economic growth of 3.05 percent. Capital input was also predomi-
nant during the Postwar Recovery, the Long Slump, and the period of
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Figure 2.17 Sources of US economic growth, 1947–2012
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Growth and Recession. Considering the period of Growth and
Recession in greater detail, Figure 2.18 reveals that the contribution
of capital input was about half of US economic growth during the
Investment Boom and increased in relative importance as the growth
rate fell in the Jobless Recovery and again in the Great Recession.

Figure 2.17 provides more detail on important changes in the
composition of the contribution of capital input. For the postwar
period as a whole the contribution of research and development
(R&D) to US economic growth was considerably less than the con-
tribution of IT, but other forms of capital input greatly predominated.
While the contribution of R&D exceeded that of IT during the
Postwar Recovery, the contribution of IT grew rapidly during the
Long Slump and jumped to nearly half the contribution of capital
input during the period of Growth and Recession. By contrast, the
contribution of R&D shrank during both periods and became rela-
tively insignificant.

Figure 2.18 reveals that all of the sources of economic growth
contributed to the US growth resurgence between 1995 and 2000,
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Figure 2.18 Sources of US economic growth, 1995–2012
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relative to the Long Slump represented in Figure 2.17. Both IT and
non-IT investment contributed substantially to growth during the
Jobless Recovery of 2000–2007, but the contribution of labor input
dropped precipitously and the contribution of non-college workers
became slightly negative. The most remarkable feature of the Jobless
Recovery was the continued growth in productivity, indicating an
ongoing surge of innovation.

Both IT and non-IT investment continued to contribute to US eco-
nomic growth during the Great Recession period 2007–2012, while the
contribution of R&D investment remained insignificant. Productivity
growth almost disappeared, reflecting a widening gap between actual
and potential growth of output. The contribution of college-educated
workers remained positive and substantial, while the contribution of
non-college workers became strongly negative.

2.4 Future US economic growth

Byrne, Oliner, and Sichel (2013) provide a recent survey of contribu-
tions to the debate over prospects for future US economic growth.
Tyler Cowen (2011) presents a pessimistic outlook and his views are
supported by Robert Gordon (2012, 2014), who analyzes six head-
winds facing the US economy, including the end of productivity
growth in IT-producing industries. Cowen (2013), expresses a more
sanguine view.

Gordon’s pessimism about the future of IT is forcefully countered by
Erik Brynjolfsson and Andrew McAfee (2014).7 Martin Baily, James
Manyika, and Shalabh Gupta (2013) summarize an extensive series of
studies of technological prospects for American industries, including
IT, conducted by the McKinsey Global Institute (Manyika, et al. 2011)
and also provide a more optimistic view.

John Fernald (2012) analyzes the growth of potential output and
productivity before, during, and after the Great Recession and
reaches the conclusion that half the shortfall in the rate of growth
of output, relative to pre-recession trends, is due to slower growth in
potential output. Byrne et al. (2013) present projections of future US

7 Brynjolfsson and Gordon have debated the future of information technology on
the Total Economy Database (TED). See: http://blog.ted.com/2013/02/26/debat
e-erik-brynjolfsson-and-robert-j-gordon-at-ted2013.
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productivity growth for the non-farm business sector and compare
their results with others, including Fernald and Gordon. They show
that there is substantial agreement among the alternative projections.

Byrne, Oliner and Sichel provide detailed evidence on the recent
behavior of IT prices. This is based on research at the Federal Reserve
Board to provide deflators for the Index of Industrial Production.
While the size of transistors has continued to shrink, performance of
semiconductors devices has improved less rapidly, severing the close
link that had characterized Moore’s Law as a description of the
development of semiconductor technology.8 This view is supported
by Unni Pillai (2011) and by the computer scientists John Hennessey
and David Patterson (2012).9

We present base case, pessimistic, and optimistic projections of
future growth in potential US GDP for the period 2012–2022 in
Figures 2.19, 2.20 and 2.21. Appendix 2.1 describes our projection
methods. Our base case projections are based on the average
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Figure 2.19 Contribution of industry groups to productivity growth, 2012–2022

8 Moore’s Law is discussed by Jorgenson et al. (2005), ch. 1.
9 See Hennessey and Patterson (2012), Figure 1.16, p. 46. An excellent
journalistic account of the turning point in the development of Intel
microprocessors is presented by John Markoff (2004) in the New York Times
for May 17, 2004.
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contributions of total factor productivity growth for the IT-producing,
IT-using, and non-IT industries for the period 1995–2012. Our optimis-
tic projections omit theGreat Recession period of 2007–2012, while our
pessimistic projections take account the final five years of the Great
Recession and the Long Slump.We compare our projections with actual
growth for 1990–2012.

0.0
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2.0

2.5

1990–2012 Pessimistic case Base case Optimistic case

Hours Labor productivity

Figure 2.21 Range of US potential output projections, 2012–2022
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Labor quality Capital deepening TFP
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Figure 2.20 Range of labor productivity projections, 2012–2022
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Our base case projection of growth in potential GDP in 2012–2022
is 1.75 percent per year, compared with growth for 1990–2012 of
2.38 percent. The difference is due mainly to the projected slowdown
in the growth of labor quality. Labor quality growth is driven mainly
by increases in average educational attainment, and rising educational
attainment has been a major driver of US economic growth throughout
the postwar period. However, educational attainment will reach a
plateau early in our projection period 2012–2022. Labor quality
growth will fall from 0.46 percent per year during 1990–2012 to only
0.087 percent per year in 2012–2022.

Our optimistic projection for potential US GDP growth is 2.2 per-
cent per year during 2012–2022, short of actual growth of 2.38 percent
per year in 1990–2012. The contributions of IT-using and non-IT
industries, along with more rapid growth in capital quality, are mainly
responsible for the higher projected growth. Our pessimistic projection
for potential growth is only 1.56 percent per year. The difference from
our base case is due mainly to a reduction in the projected growth of
productivity in IT-producing and IT-using sectors and slower improve-
ment in capital quality.10

2.5 Conclusions

Our industry-level dataset reveals that replication of established tech-
nologies through growth of capital and labor inputs, recently through
the growth of college-educated workers and investments in both IT and
non-IT capital, explains by far the largest proportion of US economic
growth. International productivity comparisons reveal similar patterns
for the world economy, its major regions, and leading industrialized,
developing, and emerging economies.11 Studies are now underway to
extend these comparisons to individual industries for the countries
included in the World KLEMS Initiative.12

Conflicting interpretations of the Great Recession can be evaluated
from the perspective of our new dataset. We do not share the techno-
logical pessimism of Cowen (2011) and Gordon (2014), especially for
the IT-producing industries. Careful studies of developments of

10 These projections are not directly comparable with those summarized by Byrne
et al. (2013), which are limited to non-farm business.

11 See Jorgenson and Vu (2013). 12 See Jorgenson (2012).
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semiconductor and computer technology show that the accelerated
pace of innovation that began in 1995 reverted to the lower, but still
substantial, rates of innovation in IT. This accounted for almost all of
productivity growth during the Great Recession.

Our findings also contribute to an understanding of the future
potential for US economic growth. Our new projections corroborate
the perspective of Jorgenson et al. (2008), who showed that the peak
growth rates of the US Investment Boom of 1995–2000 were not
sustainable. However, our projections are less optimistic, due mainly
to the slowing growth of the US labor force and the virtual disappear-
ance of improvements in labor quality. Low productivity growth
during the Great Recession is transitory, but productivity growth is
unlikely to return to the high rates of the Investment Boom and the
Jobless Recovery.

Finally, we conclude that the new findings presented in this chapter
have important implications for US economic policy. Maintaining the
gradual recovery from the Great Recession will require a revival of
investment in IT equipment and software and non-IT capital as well.
Enhancing opportunities for employment is also essential, but this is
likely to be most successful for college-educated workers. These mea-
sures will contribute to closing the substantial remaining gap between
potential and actual output.

Appendix 2.1: projections

We adapt the methodology of Jorgenson et al. (2008) to utilize data for
the sixty-five industries included in the USNational Income and Product
Accounts. The growth in aggregate value added (Y) is an index of the
growth of capital (K) and labor (L) services and aggregate growth in
productivity (A):

DlnY ¼ vKDlnKþ vLDlnLþ DlnA ðA1Þ

To distinguish between the growth of primary factors and changes
in composition, we decompose aggregate capital input into the capital
stock (Z) and capital quality (KQ), and labor input into hours (H) and
labor quality (LQ). We also decompose the aggregate productivity
growth into the contributions from the IT-producing industries,
the IT-using industries, and the non-IT industries. The growth of
aggregate output becomes:
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DlnY ¼ vKDlnZ þ vKDlnKQþ vLDlnH þ vLDlnLQ

þ uITPDlnAITP þ uITUDlnAITU þ uNITDlnANIT ðA2Þ

where the DlnAi’s are productivity growth rates in the IT-producing,
IT-using and non-IT groups and the u’s are the appropriate weights.
Labor productivity, defined as value added per hour worked, is
expressed as:

Dlny ¼ DlnY % DlnH ðA3Þ

We recognize the fact that a significant component of capital income
goes to land rent. In our projections we assume that land input is fixed,
and thus the growth of aggregate capital stock is:

DlnZ ¼ μRDlnZRþ ð1 % μRÞDlnLAND ¼ μRDlnZR ðA4Þ

where ZR is the reproducible capital stock and μR is the value share of
reproducible capital in total capital stock.

We project growth using equation (A2), assuming that the growth of
reproducible capital is equal to the growth of output, DlnYP ¼ DlnZP

R,
where the P superscript denotes projected variables. With this
assumption, the projected growth rate of average labor productivity
is given by:

DlnyP ¼ 1

1 % vKμR
& ½vKDlnKQ % vKð1 % μRÞDlnH þ vLDlnLQ

þuITPDlnAITP þ uITUDlnAITU þ uNITDlnANIT (
ðA5Þ

We emphasize that this is a long-run relationship that removes the
transitional dynamics related to capital accumulation.

To employ equation (A5) we first project the growth in hours
worked and labor quality. We obtain population projections by age,
race, and sex from the US Census Bureau and organize the data to
match the classifications in our labor database (eight age groups, two
sexes).13 We read the 2010 Census of Population to construct the

13 The projections made by the US Census Bureau in 2012 are given on their
website: www.census.gov/population/projections/data/national/2012.html. In
that projection the resident population is projected to be 420million in 2060.We
make an adjustment to give the total population including armed forces
overseas.
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educational attainment distribution by age, based on the 1 percent
sample of individuals. We then use the micro-data in the Annual
Social and Economic Supplement (ASEC) of the Current Population
Survey to extrapolate the educational distribution for all years after
2010 and to interpolate between the 2000 and 2010 Censuses. This
establishes the actual trends in educational attainment for the sample
period. Educational attainment derived from the 2010 Census shows
little improvement for males compared to the 2000 Census with some
age groups showing a smaller fraction with professional degrees.
There was a higher fraction with BA degrees for females.

We assume that the educational attainment for men aged 39 or
younger will be the same as the last year of the sample period; that is, a
man who becomes 22 years old in 2022 will have the same chance of
having a BA degree as a 22-year-old man in 2012. For women, this cut-
off age is set at 33. For men over 39-years-old, and women over 33, we
assume that they carry their education attainment with them as they age.
For example, the educational distribution of 50-year-olds in 2022 is the
same as that of 40-year-olds in 2012, assuming that death rates are
independent of educational attainment. Since a 50-year-old in 2022
has a slightly higher attainment than a 51-year-old in 2020, these
assumptions result in a smooth improvement in educational attainment
that is consistent with the observed profile in the 2010 Census.

The next step after constructing the population matrix by sex, age
and education for each year in the projection period is to calculate the
employment and hours worked matrices by these dimensions. The
employment rate fell significantly during the Great Recession and we
assume that the employment rate rises gradually from the observed
2010 levels back to the 2007 rates. We also assume that the annual
hours worked per worker gradually recover to 2007 levels. We assume
there are no further changes in the relative wages for each age–sex–
education cell and thus calculate the effective labor input in the
projection period by multiplying these projected hours per year by
the projected population in each cell, and then weighting by the 2010
compensation matrix. The ratio of labor input to hours worked is the
labor quality index.

The growth rate of capital input is a weighted average of the stocks of
various assets weighted by their shares of capital income. The ratio of
total capital input to the total stock is the capital quality index which
rises as the composition of the stock moves towards short-lived assets
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with high rental costs. The growth of capital quality during the period
1995–2000 was clearly unsustainable. For our base case projection we
assume that capital quality grows at the average rate observed for
1995–2012. For the optimistic case we use the rate for 1995–2007.
Finally, we use the rate for 1990–2012 for the pessimistic case.
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3 The structural causes of Japan’s
Lost Decades
kyoji fukao, kenta ikeuchi, hyeogug
kwon, younggak kim, tatsuji
makino, and miho takizawa

3.1 Introduction

Since the burst of the “bubble economy” in 1991, Japan has experienced
sluggish growth in the economy overall as well as in total factor produc-
tivity (TFP).1 The first ten years of this stagnation – the “Lost Decade” –

have been the subject of a considerable body of research. Studies have
focused on financial problems such as banks’ non-performing loans,
firms’ damaged balance sheets, and deflation as themain causes of Japan’s
stagnation.2 By the early 2000s, Japan had largely resolved the non-
performing loan problem as well as the problem of damaged balance
sheets, but economic growth hardly accelerated, resulting inwhat noware
“Two Lost Decades.” The argument put forward in this study is that
Japan’s Two Lost Decades are not a transient problem of sluggish eco-
nomic growth as a result of inappropriate fiscal andmonetary policies but
need to be seen from a more long-term and structural perspective, reflect-
ing a chronic lack of demand and a long-term decline in productivity.

It is certainly true that during the past two decades, Japan has
persistently suffered from deflation or inflation that has remained
below the central bank’s target. And there is no question that Japan
needs to resolve the problem of deflation and escape from its liquidity
trap in order to restore the effectiveness of conventional monetary
policy. However, it seems very unlikely that Japan will be able to
resolve its structural problems simply by stoking sufficient inflation to
keep real interest rates negative or at least extremely low. In fact,
maintaining very low or negative real interest rates for a prolonged
periodmay give rise to bubbles like those in Japan during the late 1980s

1 This chapter comes from a study conducted as a part of the project “East Asian
Industrial Productivity” undertaken at the Research Institute of Economy, Trade
and Industry (RIETI).

2 See, for example, Saxonhouse and Stern (2004) and Ito et al. (2005).
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or the United States in the 2000s. Moreover, stimulating final demand
will not be sufficient to accelerate Japan’s productivity growth.

Against this background, the aim of this chapter is to examine the
causes of Japan’s economic stagnation from a long-term, structural
perspective and investigate whether it will be possible to resolve the
causes of stagnation. Taking a long-term perspective that compares the
two decades from the early 1990s onward with the preceding two
decades and, at the same time, taking advantage of databases such as
the Japan Industrial Productivity (JIP) Database and the EU KLEMS
Database, we will compare Japan’s performance with that of the
US and other advanced economies.3

The remainder of this study is organized as follows. Section 3.2
considers the causes of Japan’s economic stagnation from a demand
perspective. Next, Section 3.3, using a growth accounting framework,
examines Japan’s economy over the past forty years from the supply
side and conducts various comparisons with other developed econo-
mies. The section also examines why capital accumulation and
increases in labor input – the determinants of supply capacity – came
to a standstill. Section 3.4 then investigates why TFP growth slowed in
the last two decades. The section mainly focuses on the low level of
investment in information and communication technology (ICT) and
the slowdown in human capital accumulation. Finally, Section 3.5,
based on the analysis in the preceding sections, examines what kind
of research and policies are necessary to find a solution to Japan’s long-
term economic stagnation.

3.2 Insufficient demand

Likemost developed economies, Japan experienced a severe drop in final
demand in the wake of the global financial crisis that started in autumn

3 The JIP Database has been compiled by the six authors of this chapter and other
scholars of Gakushuin, Keio, and other universities as a part of a joint project of
RIETI and Hitotsubashi University. The most recent version of the database (JIP
2014) contains annual information on 108 sectors from 1970 to 2011. These
sectors cover the whole Japanese economy. The database includes detailed
information on factor inputs, annual nominal and real input–output tables, and
some additional statistics, such as intangible assets, Japan’s international trade by
trade partner, inward and outward FDI, etc. at the detailed sectoral level.
An Excel file version of the JIP 2014 is available at www.rieti.go.jp/en/database/
JIP2014/index.html.
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2008. Unlike most other economies, however, Japan was already suffer-
ing from a lack of demand even before the crisis. Figure 3.1 shows the
trend in Japan’s real gross domestic product (GDP), estimated potential
GDP, and inflation rate (in terms of the CPI). The figure indicates that in
the wake of the global financial crisis Japan experienced a huge negative
GDP gap of –8%. However, even in 1993–95 and 1998–2003 it already
experienced a GDP gap of more than –2%. Moreover, these were
periods during which Japan also experienced deflation.

Despite the Bank of Japan’s massive stimulus measures and various
fiscal policy measures undertaken by the government, Japan still had
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a GDP gap of –2.3% in the fourth quarter of 2014 and suffers from
very low inflation rates (when excluding the impact of the consumption
tax hike).

3.2.1 Japan’s excess saving problem

Reasons for the insufficient effective demand in the 1990s include not
only temporary factors such as a decline in investment due to a decline
in the appetite for investment as a result of deflation (Hamada and
Horiuchi 2004), the disruption of financial intermediation (Bayoumi
2001, Horie 2002), damaged corporate balance sheets (Koo 2003,
Ogawa 2011), a downturn in consumption based on asset effects and
precautionary motives (Ishii 2009, Iwaisako and Okada 2009), or the
downturn in exports as a result of the yen appreciation of 1994–1995,
and so on, but also due to the problem of chronic excess saving since the
1980s, as pointed out by Krugman (1998) and Fukao (2001).

Despite Japan’s exceptionally high private gross saving rate when
compared with other advanced economies, it did not experience any
excess saving until the 1970s due to extremely high investment during
the high speed growth era. However, as can be seen in Figure 3.2, from
the beginning of the 1970s, Japan’s economy started to experience
chronic excess saving.4 This is due to the large decline in private
investment, for which there are the following reasons.

First, after the 1960s, when the first baby boomer generation reached
adulthood, the growth rate of the working age population slowed con-
siderably. Looking at the average growth rate of the working age popu-
lation (those aged 15–64) by decade, we find a steady decline in the
growth rate from 1.9% in the 1950s to 1.8% in the 1960s, 1.0% in the
1970s, 0.9% in the 1980s, 0.0% in the 1990s, and !0.6% in the 2000s
(Statistics Bureau, Ministry of Internal Affairs and Communications
2014). The decline in the growth rate of the working age population
reduced the need to invest in capital equipment for new workers, thus
exerting a negative impact on capital investment.

Second, the process of catching up with manufacturing technologies
in the United States and Europe and increases in TFP driven by this

4 It should be noted that the saving–investment balance depends not only on
structural factors but also on the business cycle. However, the basic picture given
by Figure 3.2 does not change much when adjusting for the business cycle. See
Cabinet Office (2009) for more details.
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process had more or less run their course by the early 1970s, and
probably as a result of this, TFP growth started to slow down from
the 1970s onward.5 Kuroda and Nomura (1999), for example, esti-
mate that the TFP growth rate in 1972–1992was 2.8 percentage points
lower than in 1960–1972. This decline in TFP growth, by lowering the
rate of return on capital, likely reduced private investment.

These two structural factors explain the largest part of the decline in
private investment. For example, assuming balanced growth and
Harrod-neutral (labor-saving) technical change in a Solow-type neo-
classical growth model, and further assuming a capital–GDP ratio of 3
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Figure 3.2 Japan’s savings–investment balance: relative to nominal GDP (four-
quarter moving average)

5 For a long-term comparison of TFP levels by industry between Japan and the US,
see Jorgenson et al. (1987) and Jorgenson et al. (2015). Jorgenson et al.
(2015) is based on a KLEMS-type database for the US and Japan. Compared with
the JIP Database, the industry classification of their database is more aggregated
(about thirty-five sectors). There are many other differences in the estimation
procedure employed by us (for the JIP Database) and Jorgenson et al. (2015).
They explicitly treat land as a production factor, while we omitted land input.
The inclusion of land lowers the cost share of other inputs. This difference usually
makes their estimate of TFP growth higher than ours. They also include consumer
durables in capital input, which we did not.
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and a labor and capital cost share ratio of 2 to 1, a 2 percentage point
decline in the growth rate of the working age population and
a 2 percentage point decline in TFP growth reduce Japan’s economic
growth rate by 2 and 3 percentage points respectively (for a total of
5 percentage points) and lower the investment–GDP ratio by 6 and
9 percentage points (for a total of 15 percentage points) respectively.6

In addition to these two factors, as will be discussed in detail in
Section 3.3, while in the immediate postwar period Japan was able to
achieve high speed growth by raising the capital stock per worker, the
increase in the capital ratio lowered the rate of return on capital
through the accumulation of excess capital, likelymaking the reduction
in investment more severe than otherwise would have been the case.

The saving–investment balance of the private sector (private saving
surplus) will be either invested abroad (current account surplus) or
borrowed by the government (general government deficit). Moreover,
according to Keynesian economics, if intended private saving is greater
than the intended current account surplus plus the intended govern-
ment deficit, there arises an excess supply of goods. In this case,
a reduction in GDP, through a reduction in excess private saving,
restores balance in the goods market.

The lower part of Figure 3.2 shows how much of the private saving
surplus was used for investment abroad (current account surplus) or
for financing of the government (general government deficit).
The figure shows that during most of the period the largest part of
excess saving went to the government deficit. The only exceptions are
themid-1980s, when Japan recorded large current account surpluses as
a result of “Reaganomics,” the late 1980s to early 1990s, when there
was active private investment during the bubble economy, and the
export-driven boom during 2006–2008.

3.2.2 The equilibrium exchange rate and trade friction

Open economy macroeconomics (see, e.g., Obstfeld and Rogoff 1996)
suggests that when there is a large private saving excess in an economy
with free international capital flows, then – assuming neo-classical

6 Hayashi and Prescott (2002), like the analysis here, use a neo-classical growth
model and point out that it is very likely that the decline in the TFP growth rate
and in labor input from the 1990s onward reduced capital investment.
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adjustmentmechanisms where goods and factor prices as well as the real
exchange rate adjust flexibly to achieve full-employment equilibrium –

the excess supply of domestic goods should be resolved through a large
depreciation of the domestic currency and an increase in the current
account surplus. In this situation, the exchange rate that achieves full-
employment equilibrium can be called the “equilibrium real exchange
rate” in the same sense that the “equilibrium real interest rate” is the
interest rate that achieves full employment in a closed economy.

However, there are a number of examples in which Japan’s current
account surplus did not expand sufficiently to bring about such equili-
brium during a recession, such as that of the time of the Japan–Germany
“locomotive theory” of 1977, the recession brought about by yen
appreciation following the 1985 Plaza Agreement, and the recession
following the collapse of the bubble economy in 1991. Why did the
yen not depreciate sufficiently and the current account surplus increase
sufficiently to achieve full employment? The following two factors can
be pointed out.

First, Japan, which for a long time persistently had the largest current
account surplus in the world, did not have sufficient bargaining power
vis-à-vis the US, which for a long time has been the country with the
largest current account deficit in the world and which urges surplus
countries to expand domestic demand. Compared with China, which
has subsequently taken on the role of largest surplus country, the reasons
for the lack of bargaining power are that Japan probably was not
important as an export base for American firms and Japan’s security
considerations. Moreover, in contrast with China, which continues with
strict controls on capital movements, it was difficult for Japan to main-
tain a weak yen through foreign market interventions, since by the early
1970s, as a result of joining theOrganisation for Economic Cooperation
and Development (OECD), and acceding to Article 8 status of the
International Monetary Fund (IMF) in 1964, it had already greatly
liberalized international capital transactions. Whenever Japan recorded
a large current account surplus in transactions with the US, protection-
ism reared its head in the US as can be seen around the time of the
“locomotive theory” and the Plaza Agreement, pushing Japan to expand
domestic demand by increasing government expenditure and to reduce
the current account surplus through an appreciation of the yen.

Second, compared with the golden era of the gold standard before
the First World War, even from the 1980s onward, when international
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capital liberalization had advanced, international capital movements
were not sufficiently smooth to absorb Japan’s huge excess savings.

In contrast with the era of the gold standard, in today’s environment,
inwhichmany countries having adopted a flexible exchange rate regime,
international lending and borrowing typically involves exchange rate
risk. Becausemost of the investment in theUS is in bonds denominated in
US dollars, institutional and other investors in Japan suffer exchange
rate losses as result of a depreciation of the dollar vis-à-vis the yen.
If there are fears of exchange rate risk and there are not sufficient actors
willing to shoulder this risk (that is, residents willing to hold foreign
currency-denominated assets and non-residents willing to shoulder
liabilities denominated in yen), a large current account surplus will
sooner or later cause an appreciation of the yen and a reduction in the
current account surplus, and foreign investment as a result will fall. This
kind of phenomenon could be observed during the strong-yen periods of
1978 and 1995.Moreover, in the golden era of the gold standard, capital
flowed mainly from the UK to the New World through the issuance of
bonds, and the claims were often preserved through gunboat diplomacy.
In contrast, in the case of international borrowing and lending from and
to developing countries in the postwar era, it was difficult to seize those
assets even if debtor countries reneged on repayments. For this reason,
debtor countries have an incentive to renege on repayments, making the
debt accumulation of developing countries more serious and, at the same
time, making new international lending and borrowing difficult.

Meltzer (1999) and Hamada and Okada (2009) argue that in the
1990s the Japanese government should have carried out more deter-
mined polices to effect a depreciation of the yen.7 However, given that
the effect of yen-selling interventions not accompanied by an interest
rate cut are weak, and that policy interventions to weaken the yen
through a cut in real interest rates were difficult because of limitations
through deflation and the liquidity trap, it is doubtful that it would
have been possible to induce a large yen depreciation.Moreover, even if
there had been room to effect large negative real interest rates in Japan
in the 1990s, because of trade frictions with the US, it is highly unlikely
that Japan could have continued with yen depreciation and a current
account surplus large enough to cancel out the huge savings surplus for
a prolonged period. In fact, as seen above, the yen appreciation

7 On this issue, also see Jorgenson et al. (2015).
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following the Plaza Agreement and the recession that followed it arose
before the deflation period.

3.2.3 The unresolved excess saving problem

Let us return to considering how Japan’s excess savings are used. When
a saving surplus country cannot achieve sufficient capital exports and
a sufficient current account surplus, then, under neo-classical conditions,
real interest rateswill fall as a result of the excess supply of goods and full
employment will be maintained through an expansion of private invest-
ment. The policy of monetary easing pursued by the Bank of Japan
during the second half of the 1980s gave rise to this kind of situation,
but it had the adverse effect of giving rise to the bubble economy with
negative consequences such as inefficient capital formation, as became
clear through the subsequent non-performing loan crisis.

Finally, as already seen, the majority of Japan’s private saving excess
has been put into compensating for the government deficit, but as the
economic measures conducted by the Obuchi government in the late
1990s typify, government expenditure was not necessarily used for
efficient purposes.

For example, public investment by the Japanese government was
concentrated in low income regions of Japan. Figure 3.3 shows the
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cross-prefectural relationship between per capita gross prefectural pro-
duct and social capital stock (non-toll roads and bridges, harbor facil-
ities, dikes, etc.) per man-hour labor input in 2008. There is a
statistically significant negative correlation (at the 1 percent level)
between the two variables. Japan has constructed many roads used
by no one and bridges to nowhere.

Many of the researchers arguing that the main cause of Japan’s
prolonged economic stagnation since the 1990s is insufficient demand
assert that the stagnation was caused by the increase in real interest
rates as a result of deflation and the liquidity trap, the impairment of
financial intermediation as a result of the non-performing loan pro-
blem, and impediments to investment due to damaged balance sheets.
Certainly, as researchers such as Ogawa (2003) and Miyao (2006),
among others, show, part of the downturn in investment in the 1990s
was caused by these factors. However, as Ogawa (2009) also indicates,
only part of the downturn in investment can be explained by the
impairment of balance sheets.

As seen in Figure 3.2, from the mid-1970s to the 1980s, when the
factors impeding investment such as deflation and the non-performing
loan problem did not exist and TFP growth was relatively strong, Japan
experienced large excess saving except during the period of the bubble
economy. As explained earlier, reasons for the decline in investment
relative toGDP include not only the above-mentioned temporary factors
observed in the 1990s and the 2000s, but also structural factors such as
excess capital as a result of demographic trends and the decline in the
return on capital due to economic growth relying on capital accumula-
tion. Japan should have eliminated early on the factors impeding invest-
ment such as deflation and the non-performing loan problem. However,
it would be rather too optimistic to assume that if this had been achieved
the chronic lack of demand could have been overcome. If, hypotheti-
cally, investment had been stimulated sufficiently through, for example,
negative real interest rates to absorb the huge excess savings, therewould
have been a real danger of another bubble economy.8

8 Using variousmethods, Kamata (2009) estimated how the level of the equilibrium
real interest rate that would have eliminated the GDP gap through an
expansion in investment, would havemoved, and finds that in the latter half of the
1990s, when the equilibrium real interest rate was lowest, it would have been
more or less 0 percent or around –1 percent.
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Moreover, as Section 3.3 will show, in contrast with the US, where the
capital coefficient remained more or less unchanged during the same
period, the capital coefficient in Japan increased rapidly from the 1990s
onward. Looking at the average of the capital coefficient over the past
two decades, it certainly cannot be said that investment has been
impeded in Japan; instead, it would be more correct to regard capital
accumulation in Japan as having continued apace – despite the demo-
graphic trends and the decline in the return on capital – as a result of
a low interest rate policy and loan guarantees by the government.

As we have seen above, any of the three outlets for excess saving,
namely, a current account surplus, an acceleration in private investment,
or a government deficit, would at any rate have given rise to problems.
However, if there is no outlet for intended excess saving, this will cause
a recession through insufficient demand. This danger of insufficient
demand has been a chronic presence in Japan since the latter half of
the 1970s. As also pointed out in Fukao (2001), looking at the period
since 1980, we find that Japan experienced a recession in 1982, 1986,
1992, 1997, 2000, and 2008, and many of these recessions coincided
with periods in which the outlet for excess saving changed. Put simply, it
could be said that when the main outlet for excess saving in a particular
period became unsustainable – for example, as a result of changes in the
international environment or concerns about the fiscal deficit getting out
of hand – and a smooth transition to a new alternative outlet was not
possible, the economy dived into a recession. This can be seen by looking
at the changes in the main outlet for excess saving, which until 1982 had
been government deficits, followed by current account surpluses until
1986, private investment until 1992, government deficits until 1997,
current account surpluses and government deficits until 2000, and cur-
rent account surpluses again until 2008.

Krugman (1998), examining deflation in Japan in the 1990s, com-
pared Japan’s high private saving rate and the US’ extremely low saving
rate, and similarly pointed out that following the end of Japan’s high
speed growth Japan was constantly in danger of falling into deflation.

Another way to resolve Japan’s excess saving problem would be to
increase private consumption or lower the saving rate. The Maekawa
Report (The Study Commission on Adjustment of Economic Structure
for International Cooperation 1986) published in April 1986 empha-
sized that desirable policies would be to promote private consumption
and housing investment.
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Setting aside temporary consumption stimuli as part of antirecession
policies, lowering the private saving rate for a prolonged period through
government intervention is probably not that easy. However, many econ-
omists, based on the life cycle hypothesis, thought that with the aging of
the population, Japan’s saving rate inevitably would fall rapidly and the
excess saving problem would before long be resolved.9 For example,
Horioka (2008) expected that Japan’s household saving rate would
rapidly fall to zero or even turn negative by around 2010. As can be
seen from Figure 3.4, the actual household saving rate, more or less in line
with Horioka’s prediction, has fallen considerably. However, as if to
offset that decline, the corporate saving rate has increased rapidly, and
as a result the private saving rate has remained unchanged at around
25 percent. Overall, therefore, it can be said that the problem of excess
private saving has still not been resolved.

An important issue regarding Japan’s excess saving problem is to
what extent household and corporate saving are substitutes for each
other and, moreover, to what extent household and government saving
are substitutes for each other. A considerable number of studies have
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Figure 3.4 Household and corporate saving relative to nominal GDP (%)

9 However, the experience of the US indicates that the private saving rate
moves in a way that cannot necessarily be explained by changes in demographic
structure (Auerbach and Kotlikoff 1989).
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examined this issue, including Poterba (1987), Auerbach and Hassett
(1989), Iwaisako and Okada (2009), and Matsubayashi (2009), and
many of them find that the substitutability between the three types of
saving is not very high.

While there aremany empirical studies on the determinants of house-
hold saving, there has been relatively little research on the determinants
of corporate saving. If household and corporate saving are not close
substitutes for each other, more research on why firms in Japan have
been saving as much as they have in recent years is necessary. What we
do know is that major corporations account for a large part of corpo-
rate saving.10 As will be shown in Sections 3.3 and 3.4, given that large
corporations – despite their high productivity – do not actively invest
domestically, it is likely that they use their surplus funds not for capital
investment but for debt repayment (see Schaede 2008 on the rapid
deleveraging of corporations) and the accumulation of liquid assets.11

Whether this kind of corporate saving behavior is desirable, and
whether governance in major corporations functions properly, is an
important research topic for the future.12

3.3 Examining Japan’s prolonged stagnation from the
supply side

As seen in the previous section, in most of the period since 1991, Japan
has suffered from a lack of demand. The reason is huge excess saving as
a result of structural causes such as a high saving rate and the decline in

10 Approximating firms’ gross saving by subtracting corporation and municipal
taxes, interim dividends, and dividends from their current profits using data
from the Financial Statements Statistics of Corporations by Industry
(Yearbook), we find that, in 2008, corporations with 1 billion yen of paid-in
capital, which produce 30.3% of value added of all for-profit corporations
(excluding finance and insurance), accounted for 41.5% of saving by all
corporations. On the other hand, saving by corporations with less than
20 million yen of paid-in capital, which produce 31.4% of value added, only
accounted for 13.5% of saving by all corporations.

11 Large corporations are actively expanding employment not within their own
company but in domestic subsidiaries (Kwon and Kim 2010) and are engaging in
foreign direct investment abroad. It is likely that part of large corporations’
saving is used for these purposes.

12 Recently, the Japanese government introduced new policies to reform Japan’s
corporate governance (Benes 2015). This reform might change corporate saving
behavior in the future.
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investment due to demographic change. This huge excess saving has
made it difficult to overcome deflation and has produced a situation in
which evenwith a very activefiscal policy Japan has continued to register
a large negative GDP gap throughout most of the last two decades.

However, even if Japan has suffered from insufficient demand for a
long time, this does not necessarily mean that there is no point in
analyzing the economy from the supply side. For example, understand-
ing the structural reasons for the decline in investment – such as the
increase of the capital coefficient and the decline in the return on capital –
and determining whether the decline in investment is a temporary or
a structural phenomenon is important for understanding the lack of
demand. Moreover, understanding the impact of population aging and
trends on the macro-economy is indispensable when considering Japan’s
future growth prospects.

3.3.1 Supply-side sources of Japan’s economic growth

Based on these considerations, this section attempts to look at Japan’s
prolonged stagnation from the supply side using growth accounting.13

Figure 3.5, using the JIP 2014 Database, shows the results of the
growth accounting for ten-year intervals.

Figure 3.5 shows that the annual average growth rate of Japan’s real
GDP (shown by the solid line in the figure) fell by 3.5 percentage points
from 4.4% in 1970–1990 to 0.9% in 1990–2011. Decomposing this
3.5 percentage point decline in the growth rate shows that it is due to
a decline inTFP growth from1.5% to 0.2%, a decline in the contribution
of capital accumulation from1.8% to 0.7%, a decline in the contribution
of labor quality improvements from 0.8% to 0.5%, and a reversal in the
contribution of man-hour growth from +0.4% to –0.5%.14 The sum of
the contribution of labor quality improvements and ofman-hour growth
in 1990–2011 was almost zero (0.5%–0.5% = 0.0%), meaning that

13 The productivity analyses in this section and in Section 4 are partly based on
Fukao (2012).

14 Preceding studies on the deceleration in TFP growth from the 1990s onward
include Hayashi and Prescott (2002), Jorgensen and Motohashi (2003), and
Fukao and Kwon (2006). The estimated decline in TFP growth differs across
these studies. An analysis of the reasons for these differences is provided by Inui
and Kwon (2005) and Fukao and Kwon (2006).
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labor service input (man-hour growth plus labor quality improvement)
did not increase in this period.

With regard to TFP, it should be noted that there is the danger that
because of labor hoarding and a decline in the capital utilization rate
during a recession, the contribution of increases in factor inputs to
output may be overestimated and TFP growth as a result underesti-
mated. However, as pointed out by Shioji (2009), the decline in TFP
growth from the 1990s onward is so large that it cannot be explained
by such temporary factors. Moreover, comparing different points in
timewhen theGDP gapwas very similar, such as 1983, 1992, and 2006
(Figure 3.1), we can easily confirm that TFP growth after 1990 was
much lower than until 1990.

As seen above, notable characteristics of Japan’s prolonged economic
stagnation from the 1990s onward include the following: (1) labor
service input growthwas negative; and (2) TFP growth declined sharply.
In addition, (3) capital accumulation became markedly slower after
2000. The remainder of this section discusses the third and the first of
these issues in greater detail, while Section 3.4 focuses on the decelera-
tion in TFP growth.
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3.3.2 The increase in the capital coefficient and the decline
in the rate of return on capital

As seen in the growth accounting in the preceding sub-section, the
contribution of capital accumulation continued to be positive in the
1990s and the 2000s, although labor service input did not increase in
the 1990s and after. This means that the capital service/labor service
input ratio rose substantially during the period 1990–2011.

As a result of this rise, Japan achieved some increases in labor
productivity even during the 1990s and after despite very low TFP
growth. Annual average labor productivity (real GDP/man-hour)
growth from 1990 to 2011 was 1.7%. Using growth accounting,
labor productivity growth can be decomposed into the following
three factors: increases in the capital input–labor input ratio,
improvements in labor quality, and TFP growth. The contribution
of each of these to the 1.7% annual average increase in labor produc-
tivity from 1990 to 2010 was 0.9, 0.5, and 0.3 percentage points
respectively. Thus, labor productivity growth was mainly accom-
plished by physical and human capital deepening, not by TFP growth.
However, due to the decreasing marginal productivity of capital,
economic growth relying on capital accumulation lowers the rate of
return on capital and sooner or later reaches a limit. Let us examine
this issue in more detail.

Figures 3.6(a) and 3.6(b) show the capital coefficient (capital stock/
GDP) as well as the gross rate of return on capital for Japan and the US.
Figure 3.6(a) shows that although the increase in Japan’s capital coeffi-
cient decelerated somewhat from the end of the 1990s, on the whole it
continued to rise relatively strongly. Comparing the periods before and
after 1990, we find that between 1975 and 1990, the capital coefficient
rose at an average annual rate of 1.6%. However, between 1990 and
2009, the rate of increase then accelerated to 2.2% per year, while, at
the same time, the gross rate of return on capital fell at a rate of 2.1%
per year.15

15 In a country like Japan, that imports natural resources and exports
manufacturing goods, if the relative price of natural resources rises and the terms
of trade deteriorate, the return on capital falls in the relatively short term in
which capital stock does not change much. The fall in the return on capital in the
1970s and the increase in the 1980s to a considerable extent can be understood
as the result of these kinds of movements in the terms of trade.
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In contrast with Japan, the US, as shown in Figure 6(b), experienced
a substantial decline in the capital coefficient and an increase in the rate
of return on capital from the first half of the 1980s onward.16,17
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Figure 3.6a Japan’s capital coefficient and return on capital

16 As will be seen in the next section, the ICT investment/non-ICT investment ratio
in the US is higher than that in Japan; the capital formation deflator for ICT
capital continued to decline; and the depreciation rate of ICT capital and capital
losses from ICT capital holdings are larger than those of non-ICT capital.
It should be noted that the decline in the capital–GDP ratio and the high rate of
return on capital in the US are probably partly caused by these factors.
However, when using the capital–GDP ratio and the rate of return on capital in
real terms, that is, real capital stock/real GDP, and gross operating surplus/
(GDP deflator × real capital stock), similar differences between Japan and the
US as in Figures 3.6(a) and 3.6(b) can be found.

17 Using the EUKLEMS database, we also constructed a similar figure for Germany
after unification. We find that, like the US, Germany also registered a decline in
the capital coefficient for the total economy.
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As highlighted by Kaldor in one of his stylized facts (Kaldor 1957), in
advanced economies in a situation of balanced growth where sufficient
capital has been accumulated, the capital coefficient does not increase.
In contrast with the US, this rule of thumb does not hold for Japan,
particularly in the 1990s. Economic growth relying on capital accumula-
tion is not necessarily bad per se; however, the question is whether it can
be sustained.18
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Figure 3.6b US capital coefficient and return on capital

18 Ando (2002) and Saito (2008) point out that it is possible that protracted
inefficient investment in the corporate sector may have imposed large capital
losses on the household sector. Hayashi (2006) and Saito (2008) try to explain
Japan’s excess investment using a macro-economic model in which corporate
governance does not work well and in which firms, other than making the bare
minimum dividend payments, invest all profits and for this reason conduct
excess investment above the optimal level determined by households’ time
preference rate and return on capital. However, as seen in Section 3, from the
2000s, we find huge corporate saving especially by major firms, while capital
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Reasons why Japan’s capital coefficient increased from the 1990s
onward despite low returns on capital likely are the prolonged low
interest rate policy and active investment in the public sector. However,
it is very likely that even with very low interest rates, investment-led
growth will reach its limits due to the decline in the return on capital
and government deficits. In Japan, the private gross investment/GDP
ratio (Figure 3.2), the contribution of increases in the capital service
input to GDP growth (Figure 3.5) and the speed of the increases in the
capital coefficient (Figure 3.6(a)) have diminished since the early
2000s, signaling that growth driven by capital accumulation may be
coming to an end.19

As seen above, in Japan, unlike in the US, the capital coefficient
increased substantially, particularly in the 1990s. At the same time,
the return on capital deteriorated and it is very likely that this was not
due to a credit crunch, the disruption of financial intermediation, or
a lack of demand, but mainly due to the increase in the capital coeffi-
cient. If we assume a Cobb-Douglas production function, we would
expect the gross rate of return on capital multiplied by the capital–GDP
ratio to be constant over time. Under this assumption, the 2.2% annual
growth in the capital–GDP ratio in the period 1990–2009 is large
enough to fully explain the 2.1% annual decline in the gross rate of
return on capital during this period.

The low rate of TFP growth and the low rate of return on capital
found above are of considerable relevance in the debate on the policy
mix pursued by the present government. Japan has been suffering
from a lack of final demand for the last two decades. Despite the
recovery from the recession following the global financial crisis,
Japan still had a negative GDP gap of 2.3% in the fourth quarter of
2014 (Figure 3.1). The government is pursuing policies to overcome

accumulation by major firms was relatively lacklustre. It is highly likely that
major firms used surplus funds not only for investment in plant and equipment
(including in subsidiaries at home and abroad), but also for the repayment of
liabilities and the accumulation of liquid assets. Therefore, at least with regard to
the 2000s, it is difficult to say that firms have been investing all available funds in
capital equipment.

19 Although Figure 3.6(a) suggests that the speed of increase in the capital
coefficient accelerated between 2007 and 2009, this is due not to substantial
changes in the rate of capital accumulation but to the considerable decline in the
numerator (GDP) as a result of the global financial crisis. It is therefore likely
that, with the recovery in GDP, the capital coefficient has fallen since 2009.
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deflation and seems to be aiming to stimulate private investment
through a reduction in real interest rates. However, since investment
opportunities are limited and the rate of return on capital is very low,
extremely low or negative real interest rates are required, but main-
taining very low or negative real interest rates, a positive inflation
rate, and full employment without causing bubbles is likely to be
extremely difficult to achieve. Therefore, for sustainable growth, it
is necessary to raise the rate of return on capital through productivity
growth and to stimulate private consumption through job creation
and higher wage incomes.

3.3.3 Causes of the decline in labor input and future prospects

One of the main causes of the slowdown of Japan’s economic growth
from the 1990s is the sharp drop in labor service input growth.
As we saw in Figure 3.5, the contribution of labor quality improve-
ments declined from 0.8% in 1970–1990 to 0.5% in 1990–2011,
while the contribution of man-hour growth switched from +0.4%
to –0.5%.

In this sub-section, we examine the causes of this decline in labor
input as well as the future prospects. Man-hour growth in the macro-
economy can be decomposed into the following three factors: changes
in the working age population (those aged 15–64), changes in average
working hours per worker, and other factors such as changes in the
labor force participation rate. Figure 3.7 shows the results of this
decomposition for the period 1970–2010. In addition, the figure
shows projections by the National Institute of Population and Social
Security Research (2012) for changes in the working age population
until 2030.

As can be seen in Figure 3.7, the sharp drop in Japan’s man-hour
input after 1990 was mainly caused by the decline in the working-age
population as well as the decline in the average working hours per
worker. The shrinking of the working-age population, which is caused
by Japan’s low birthrate and population aging, is expected to continue
in this and the next decade. The expected decline of the working-age
population is particularly large in this decade because of the retirement
of the baby boomers.

Regarding the decline in working hours per worker, the following
can be pointed out. As highlighted by Hayashi and Prescott (2002),
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Japan’s Labor Standards Act was amended in 1987 and “a 40 hour,
five dayweek”was introduced.Working hours gradually declined until
the full implementation of the amendment in 1997. However, even
after that, the averageworking hours of employees continued to decline
because of the increase in part-time workers. As shown in Figure 3.8, if
we assume that the percentage of part-time workers had remained
constant after 1988, there would have been almost no decline in work-
ing hours until the onset of the global financial crisis in 2008.

Next, let us examine why improvements in labor quality have slowed
down. Figure 3.9 decomposes changes in the labor quality index into
the contribution of changes in the labor quality of different types of
workers, namely full-time workers, the self-employed (including
unpaid family workers), and part-time workers. We measure the qual-
ity of labor in terms of the wage rate. The wage rates of full-time
workers tend to be higher than those of part-time workers and the
estimated labor income per hour of the self-employed. Therefore, an
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Figure 3.7 Decomposition of Japan’s man-hour growth (annual rate, %)

90 Fukao, Ikeuchi, Kwon, Kim, Makino, and Takizawa

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.003
https://www.cambridge.org/core


increase in the percentage of full-time workers contributes to an
improvement in labor quality.

In the 1970s and the 1980s, the contribution of full-time workers
takes large positive values, because the percentage of full-time
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workers in total workers increased, the average education level of full-
time workers increased, and the average age of full-time workers
increased (older full-time workers tend to earn higher wages than
younger workers). However, in the 1990s, the percentage of full-
time workers in total workers started to decline, while the other two
trends almost came to a halt, so that the contribution of full-time
workers became smaller.

The contribution of the self-employed took positive values, because
their labor income per hour is low and the percentage of self-
employed in total workers declined over time. Finally, the contribu-
tion of part-time workers took negative values, because their wage
rates are low and the percentage of part-time workers in total workers
increased over time.

Figure 3.9 also shows projections of labor quality changes in this and
the next decade by Kawaguchi et al. (2007). They assume that the
following four sets of values will take the same value as in 2004: (1)
the wage rate and working hours per worker by age, education, sex,
and employment status; (2) the percentage of each category of educa-
tion level for each sex among new workers; (3) the percentage of full-
time workers, of part-time workers, and of the self-employed in each
category (age, sex, and education) of workers; and (4) the labor force
participation rate by age, sex, and education. Under these assumptions,
they estimated how demographic changes will affect Japan’s labor
quality in the future.

The results indicate that the growth rate of the labor quality index
will decline substantially in the 2010s as most of the baby boomers
retire. Moreover, in the 2020s, with the children of the baby boomers
reaching their 50s, the growth rate of the labor quality index will
decline further, since wage rates no longer increase by age for workers
in their 50s.

The two projections of the working age population (Figure 3.7) and
labor quality (Figure 3.8) and the increasing share of part-time workers
suggest that it will be difficult for Japan to maintain positive labor
service input growth (man-hour growth plus labor quality growth) in
this and the next decade, even if the Japanese government were to
embark on a full range of policies to address this issue such as raising
the labor force participation rates of the elderly and women, raising the
education level of new workers, and reducing the share of part-time
workers.
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3.3.4 TFP growth is indispensable for sustainable growth
of Japan’s economy

Considering the potential contribution of the three engines of economic
growth (labor input growth, capital accumulation, and TFP growth),
the discussion above showed that the contribution of labor input
growth, if anything, is likely to be negative in Japan. Moreover, as
also discussed, for capital accumulation to be sustainable, it is neces-
sary to raise the rate of return on capital through productivity growth
and to stimulate private consumption through job creation and higher
wage incomes. This means that future economic growth in Japan will
have to come mainly from TFP growth. Let us consider Japan’s growth
prospects in more detail.

The Japanese government now has a target of 2% annual GDP
growth. But is this goal realistic? Assume that the production function
of the macro-economy is constant returns to scale, technological
progress is Harrod-neutral, the economy is in a situation of balanced
growth, and the cost share of labor is two-thirds. Then, the long-run
growth rate will be labor input growth plus Harrod-neutral techno-
logical change, which is equal to TFP growth times 1.5 under our
assumptions. Even if we are optimistic about labor supply and assume
that labor service input does not decline, Japan needs annual average
TFP growth of 1.33% (2/1.5=1.33). Under this scenario, 2% GDP
growth can be accomplished if TFP growth contributes 1.33%, labor
service input growth contributes 0%, and capital accumulation con-
tributes 0.67%. Since this capital accumulation is induced by TFP
growth, 2% GDP growth will be sustainable. Thus, whether Japan
can achieve sustainable GDP growth in the long run – and hence
whether the growth target of 2% is realistic – crucially depends on
whether it can substantially accelerate TFP growth from the rates seen
since the 1990s.

3.4 Why Japan’s TFP growth has been so low
from the 1990s

In this section, we study why Japan’s TFP growth has slowed down
from the 1990s onward. We examine this issue using two approaches.
We start by analyzing Japan’s TFP growth from the 1970s using
sectoral data.
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3.4.1 TFP growth by sector

Figure 3.10 shows how TFP (on a value added basis) in Japan’s man-
ufacturing and non-manufacturing sectors changed over time. Since
inter-temporal changes in TFP in non-market activities such as public
administration, education, and health and social services are difficult to
measure, our data for the non-manufacturing sector cover only the
market economy.

In the case of the manufacturing sector, TFP growth declined sharply
after 1991. The dotted line in the figure shows the TFP level of the
manufacturing sector when assuming that the TFP growth rate from
1992 onward had remained the same as the average annual TFP growth
rate in 1970–1991. TFP growth in the manufacturing sector accelerated
again from 2002 to 2007. However, since the stagnation of TFP growth
in the 1990s, the early 2000s, and the late 2000s was so pronounced,
there is a huge gap between the trend line based on earlier TFP growth
rates and the actual TFP level. If Japan’s manufacturing sector had been
able to maintain TFP growth as high as that in 1970–1991 after 1991,
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the manufacturing sector’s real value added now would be more than
50% higher (without increasing factor inputs) than the actual current
level.

In the case of the non-manufacturing sector, TFP growth in Japan, like
in other countries, has been much lower than that of the manufacturing
sector. Nevertheless, there is also a distinct difference before and after
1991. Until 1991, the non-manufacturing sector achieved slow but
steady TFP growth and the TFP level in 1991 was 27% higher than
that in 1970. However, after 1991, TFP growth came to a complete halt
and – depending on the period examined – even turned slightly negative.

Comparing the 1970–1991 period with the 1991–2011 period, aver-
age annual TFP growth in the manufacturing sector declined by 2.2 per-
centage points from 3.7% to 1.5%, while average annual TFP growth in
the non-manufacturing sector (market economy) fell by 1.4 percentage
points from 1.1% to –0.2%. Since the nominal value added share of
the non-manufacturing sector (market economy) is more than twice
as large as that of the manufacturing sector (in 1991, the shares were
54% and 26%, respectively), the contribution of the slowdown of TFP
growth in the non-manufacturing sector (market economy) to the slow-
down of TFP growth in the macro-economy (approximated by multi-
plying the TFP growth decline by the value added share) was 30%
greater than that of the manufacturing sector. Overall, both the manu-
facturing and the non-manufacturing sector dragged down macro-TFP
growth after 1991.

Comparing Japan’s TFP growth with that of the US helps to more
clearly understand the stagnation of TFP growth in Japan after 1991.
Before 1991, Japan was rapidly catching up with the US. Partly
because of low productivity growth in the US in the late 1970s and
early 1980s, Japan’s TFP level relative to that of the US in 1977–1991
increased by 45% in the manufacturing sector and by 24% in the non-
manufacturing sector. After 1991, both the slowdown in productivity
growth in Japan and the acceleration in productivity growth in the
US reversed this trend. In 1991–2007, Japan’s TFP level relative to
that of the US declined by 19% in the manufacturing sector and 8% in
the non-manufacturing sector.20

20 This calculation is based on the EUKLEMSDatabase and the Rolling Updates as
well as Inklaar and Timmer (2008). On this issue, also see Jorgenson et al.
(2015).

The structural causes of Japan’s Lost Decades 95

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.003
https://www.cambridge.org/core


Why has TFP growth in the US accelerated? And why was Japan left
behind? One important factor is the ICT revolution in the US. This can
be confirmed by comparing Japan’s TFP growthwith that of the US and
other developed countries at a more disaggregated level.21 In
Figure 3.11, the market economy is divided into six sectors and average
annual TFP growth rates in each sector before and after 1995 are
compared across six major developed economies.

The figure shows that the US experienced an acceleration of TFP
growth not only in the ICT-producing sector (electrical machinery,
post, and communication), but also in ICT-using sectors, such as
distribution services (retail, wholesale, and transportation) and in
the rest of the manufacturing sector (i.e., excluding electrical machin-
ery). Japan also experienced relatively high TFP growth in the ICT-
producing sector. The problem for Japan, however, is that TFP
growth in ICT-using service sectors, such as distribution services
and the rest of the manufacturing sector, declined substantially after
1995. Moreover, these ICT-using sectors are much larger than the
ICT-producing sector: the average labor input share (hours worked)
of the ICT-producing sector in Japan’s total labor input in 1995–2007
was only 4.1% (similar to the corresponding share in the US of 3.8%).
On the other hand, the labor input shares of distribution services and
the rest of the manufacturing sector in 1995–2007 were 22.8% and
16.5%, respectively.22

3.4.2 ICT investment in Japan

Why did an ICT revolution of the magnitude observed in the US not
occur in Japan? Figures 3.12 and 3.13 provide an answer to this
question.

In Japan, the ICT investment–GDP ratio in IT-using service sectors,
such as distribution services and total manufacturing excluding the

21 For more details on the industry classification and the ICT intensity of each
sector, see Timmer et al. (2007).

22 Basu et al. (2003) find that TFP growth of the retail and wholesale sector
accounted for more than 70% of TFP growth of the US total economy during
1995–2003. Fukao et al. (2008), on the other hand, report that TFP growth of
the electrical and optical machinery sector accounted for about 70% of TFP
growth of the Japanese total economy during 2000–2005.
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Figure 3.12 ICT investment–GDP ratio in major developed economies:
distribution services
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Figure 3.13 ICT investment–GDP ratio in major developed economies: total
manufacturing, excluding electrical machinery
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electrical machinery sector, is very low in comparison with the US.23

It appears that the ICT revolution did not happen in Japan simply
because Japan has not accumulated sufficient ICT capital.

The next question that needs to be addressed is why ICT investment
in some sectors is so small in Japan. It is interesting to note that Japan’s
ICT investment in these sectors has been low in comparison with other
countries since the 1970s. It therefore cannot be argued that the eco-
nomic slump after 1991 has been the main cause of Japan’s low ICT
investment. Several structural impediments to ICT investment in Japan
can be pointed out.

First, one of the main contributions of the introduction of ICT is that
it allows firms to save unskilled labor input. However, because of the
high job security in Japan, it may be difficult for firms to actually cut
jobs, preventing them from introducing ICT in the first place.

Second, the benefits from ICT investment seem to be closely related
to management practices (Bloom et al. 2012) and corporate strategies.
Miyagawa et al. (2014), for example, show that Japanese firms are far
behind US firms in terms of their incentive management. Moreover,
Motohashi (2010) finds that, unlike US firms, Japanese firms tend to
introduce ICT not as strategic tools to enhance firms’ total competi-
tiveness but to increase the efficiency of specific divisions. Probably
reflecting such weaknesses of Japanese firms, computer network use
has amuch smaller positive impact on firms’ performance in Japan than
in the US (Atrostic et al. 2008).

Third, in order to introduce ICT, firms need to incur certain initial
fixed costs, such as those associated with the revision of organizational
structures and training of workers. Some of these expenditures are one
shot, and it seems that once firms have adjusted their organizational
structures to new ICT and have accumulated a certain mass of ICT-
literate workers, they can expand their scale later without substantial
additional costs. Probably because of this characteristic of ICT tech-
nology, younger and growing firms tend to be more active in ICT
investment. Using micro-data of the Basic Survey of Japanese
Business Structure and Activities by the Ministry of Economy, Trade

23 As Figure 3.13 shows, the ICT investment–GDP ratio in the manufacturing
sector excluding electric machinery has increased substantially in recent years.
An interesting question therefore is whether TFP growth in this sector will
accelerate in the near future.
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and Industry (METI), Fukao et al. (2012) find that, in Japan’s non-
manufacturing sector, after controlling for firm size, industry, etc.,
younger firms have a significantly higher software stock–sales ratio.
However, because of the low entry and exit rates in Japan, firms that
have been around for forty-five years ormore have amajority ofmarket
share in all industries except transportation, communication, and pub-
lic services. This low metabolism has probably impeded ICT invest-
ment in Japan.

Fourth, Japan’s retail sector is characterized by small shops, whereas
the US retail sector is characterized large chain stores (Haskel et al.
2007). Moreover, in service sectors, Japanese listed firms are of a much
smaller scale on a consolidated basis than their counterparts in the
US (Fukao and Miyagawa 2010), and these smaller firms in Japan
probably have found it more difficult to introduce ICT because of
their small scale.

Fifth, Japan’s ICT sector has been suffering from a shortage of soft-
ware engineers for a considerable time. For example, according to Arora
et al. (2011), inflows to the ICT labor pool in the US in 1995 were
68 percent greater than those in Japan, and by 2001, inflows in the
USwere almost three times larger than in Japan. This slow human capital
accumulation may also have hindered ICT investment by Japanese firms.

Sixth, since it is too costly for small firms to have their own ICT
service division providing a full range of ICT services, having access to
efficient vendors of ICT services is a key factor for procuring ICT inputs
at a reasonable price; however, in Japan, the market for business
process outsourcing (BPO), which includes outsourcing of ICT pro-
cesses, is not well developed (Fukao et al. 2015). The underdevelop-
ment of the BPO market in Japan is closely related with the rigidity of
the labor market. Since it is difficult for firms to lay off workers, firms
hesitate to restructure costly internal business processing divisions.
Moreover, even when they restructure such divisions, they often relo-
cate workers in such divisions to affiliates or firms in the same business
group and procure business process services from the firms to which
they transferred former employees. Because of these constraints,
Japanese firms cannot procure business services from the most produc-
tive vendors, reducing the benefit of BPO and keeping the BPO market
underdeveloped.

It is also important to note that in order to avoid changes in corpo-
rate structure, employment adjustment, and training of workers,
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Japanese firms tend to choose custom software rather than packaged
software, making ICT investment more expensive and network extern-
ality effects smaller, because each firm uses different custom software.

The impediments to ICT investment mentioned abovemay be closely
related with intangible investment in Japan. Intangible investment is
defined as expenditures by firms for future production and profits and
includes training of workers and the revision of firms’ organizational
structure. ICT capital and intangible assets may be close complements,
economic competencies and computerized information has stagnated
(Fukao et al. 2009). It seems that the decline in the accumulation of
economic competencies was caused by the harsh restructuring resulting
from the long-term economic stagnation. For example, many firms
increased the percentage of part-time workers in total workers and
did not provide intensive training in the case of part-time workers.
This change reduced training expenditure substantially (Fukao 2013).

3.5 Conclusion

This study examined the causes of Japan’s economic stagnation from
a long-term, structural perspective and investigated whether it will be
possible to resolve the causes of stagnation. We took a long-term
perspective that compares the two decades from the early 1990s
onward with the preceding two decades. In addition, taking advantage
of databases such as the JIPDatabase and the EUKLEMSDatabase, we
compared Japan’s performance with that of the US and other advanced
economies. The main findings are as follows.

(1) Japan has been suffering from a large negative GDP gap since the
1970s. Underlying this large negative GDP gap is an excess-saving
problem caused by the persistently high private saving rate and
the decline in private investment. Moreover, the declining trend
in private investment from the 1970s is due not only to temporary
financial factors such as banks’ non-performing loans, firms’
damaged balance sheets, and deflation, but also structural factors
such as the slowdown in the growth of the working age popula-
tion and the decline in TFP growth.

(2) The saving–investment balance of the private sector (private saving
surplus) can be either invested abroad (current account surplus) or
borrowed by the government (general government deficit). If there
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is no outlet for intended excess saving, this will cause a recession
through insufficient demand. This danger of insufficient demand
has been a chronic presence in Japan since the latter half of the
1970s.

(3) Consistent with the life cycle hypothesis, Japan’s household saving
rate has fallen considerably with the aging of the population.
However, as if to offset that decline, the corporate saving rate
has increased rapidly, so that the private saving rate has remained
unchanged at around 25 percent.

(4) The largest part of Japan’s excess private saving has gone toward
covering the government deficit, but government expenditure was
not necessarily used for efficient purposes. For example, public
investment by the Japanese government was concentrated in low
income regions of Japan.

(5) Open economy macro-economics suggests that when there is
a large private saving excess in an economy with free international
capital flows, the excess supply of domestic goods should be
resolved through a large depreciation of the domestic currency
and an increase in the current account surplus. However, Japan’s
current account surplus did not expand sufficiently to bring about
such equilibrium because of three factors: trade friction with the
US, insufficient international capital movements to absorb Japan’s
huge excess saving, and deflation, which made it difficult for Japan
to reduce real interest rates further. In addition to these factors,
excess saving in other Asian countries such as China and major
ASEAN members probably also contributed to making it difficult
for Japan to expand its current account surplus.

(6) Japan’s TFP growth declined substantially after 1991 both in the
manufacturing and the non-manufacturing sector. Before 1991,
Japan’s TFP was rapidly catching up with that of the US, but after
1991, Japan’s TFP level relative to that of the US declined by
19 percent in the manufacturing sector and 8 percent in the non-
manufacturing sector. It seems that this large and prolonged drop
in TFP growth cannot be fully explained by labor hoarding and the
idling of capital stock caused by a scarcity of final demand.

(7) Japan’s capital accumulation continued apace after 1990, espe-
cially when taking the slow rate of GDP growth and the decline
in the working age population into account. Japan’s capital–GDP
ratio continued to increase after 1991, and this increase in the
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capital–GDP ratio must have contributed to the decline in the rate
of return on capital in Japan by decreasing the marginal produc-
tivity of capital.

(8) From 1995, the US experienced an acceleration of TFP growth in
ICT-using sectors such as distribution services and the rest of the
manufacturing sector. It appears that a similar ICT revolution did
not occur in Japan simply because Japan did not accumulate
sufficient ICT capital. Japan’s accumulation of intangible capital
was also very slow. Since ICT capital and intangible assets may be
close complements, it seems that the stagnation of these two types
of investment mutually reinforced each other.

(9) The low levels of ICT and intangible investment are closely related
with labor market problems. For example, one of the main con-
tributions of the introduction of ICT is that it allows firms to save
unskilled labor input. However, because of the high job security in
Japan, it may be difficult for firms to actually cut jobs. Moreover,
many firms have increased the percentage of part-time workers in
total workers and do not provide intensive training for part-time
workers. This change has substantially reduced training expendi-
ture, which is an important part of intangible investment.

The above findings yield the following policy implications for Japan.
First, the present government is taking steps to overcome deflation and
appears to be aiming to stimulate private investment through
a reduction in real interest rates. However, since investment opportu-
nities are limited and the rate of return on capital is very low, extremely
low or negative real interest rates are required, but maintaining very
low or negative real interest rates, a positive inflation rate, and full
employment without causing bubbles is likely to be extremely difficult
to achieve. Therefore, for sustainable growth, it is necessary to raise the
rate of return on capital through productivity growth.

Second, more empirical research is needed to judge for certain
whether Japan’s low growth rates of ICT capital and intangible assets
are sub-optimal. However, if it is indeed desirable to enhance ICT and
intangible investment, labor market reforms (such as improving the
social safety net, enhancing labor market flexibility, and reducing the
unfair gap between regular and part-timeworkers) and support for ICT
and intangible investment by small and medium-sized enterprizes
(SMEs) will be important issues. Labormarket reform is also important
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from the perspective of human capital accumulation. Firms pay a
premium to part-time workers in order to obtain flexibility of employ-
ment. Such behavior by firms is quite rational in the context of slow
economic growth and Japan’s system of high job security. However, at
the same time it may also be creating a huge economic loss by reducing
human capital accumulation.

Since the outbreak of the global financial crisis, most developed
economies have suffered from insufficient final demand. According to
recent estimates by the IMF, the combined negative GDP gap of thirty-
seven developed economies in 2014was about 1.9 percent of their GDP
(IMF World Economic Outlook Database April 2015). In a world
characterized by “secular stagnation” (Summers 2013), what lessons
can we derive from Japan’s experience of the lost decades?

First, although it is important not to fall into a deflationary trap,
keeping real interest rates very low or negative through a zero nominal
interest rate plus moderate inflation is not sufficient to resolve the
underlying fundamental problems. It is probably possible for econo-
mies to keep on growing by maintaining high investment rates through
low real interest rates. However, as capital accumulation continues, the
rate of return on capital will eventually decline, so that extremely low
or even negative real interest rates will be required. Yet, maintaining
very low or negative real interest rates, a positive inflation rate, and full
employment carries the danger of leading to new bubbles. Therefore,
for growth to be sustainable, it is necessary to raise the rate of return on
capital through productivity growth. Japan’s fundamental structural
problemwas not its deflation but the continuation of capital accumula-
tion under a zero interest rate policy and the lack of political will or
courage to introduce policies to bring about structural change to accel-
erate TFP growth.

Second, at least in the case of Japan, the TFP slowdown seems to be
caused not by an exogenous drying up of innovation (on this issue, see
Gordon 2013), but by structural factors such as low intangible and ICT
investment by small and medium-sized firms, an inflexible labor mar-
ket, the overseas relocation of production by productive firms (Fukao
2013), the inefficient use of public investment, the increase in part-time
workers, etc., most of which could have been fixed through sensible
policies. In other words, it appears that productivity growth in Japan
slowed as a result of impediments that could have been removed, and
most other developed economies probably are similarly characterized
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by obstacles to productivity growth that can be overcome if the neces-
sary will is there. We need sensible and courageous policy-makers, not
fatalists.

Third, in the case of Japan, the decline in household saving was
cancelled out by an increase in saving by large corporations. Large
corporations – despite their high productivity – do not actively invest
domestically and use their surplus funds not for capital investment or
paying dividends but for debt repayment and the accumulation of
liquid assets. Whether this kind of corporate saving behavior is desir-
able, and whether governance in major corporations functions prop-
erly, is an important research topic for the future.

Fourth, some countries, such as China and Germany, seem to be
enjoying low real exchange rates and huge current account surpluses,
and other economies suffer from that. On the other hand, many low-
income economies still want capital inflows. We need a fundamental
reform of the international monetary system which will mitigate the
scarcity of final demand in developed economies.
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4 Productivity growth in Europe before
and since the 2008/2009 economic
and financial crisis
bart van ark and mary o’mahony

4.1 Introduction

The economic and financial crisis which started in 2008/2009 has
thrown the European economy into a “double-dip” recession with
overall stagnant growth for a lengthy period of time, in terms of
significantly slower growth, a decline in employment, and a negative
growth rate in total factor productivity (TFP).1 However, the perils
that the crisis inflicted on the European economy can by no means
be seen independently from the pre-crisis period. Well before the
crisis hit, most European countries exhibited a significant slowdown
in their long-term trend growth, driven primarily by slowing produc-
tivity growth, especially in the “original” EU-15 economies and
the Euro Area.

The long-term structural weaknesses of Europe’s economy have been
well documented in our earlier work (van Ark, O’Mahony, and
Timmer 2008; 2012; Timmer et al. 2010). First, a remarkable recovery
in employment growth in Europe since the mid-1990s went together
with slowing productivity growth. Second, the weak productivity per-
formance could be largely attributed to a low contribution of informa-
tion and communication technology (ICT) to productivity growth. And
third, much of the weakness in productivity growth seemed concen-
trated in the services sector of the economy, while manufacturing was
relatively strong in terms of productivity growth, at least compared to
the United States.

To better understand how the economic landscape has changed, this
chapter revisits our earlier work on the growth drivers of Europe’s

1 We are grateful to Abdul Erumban (The Conference Board and University of
Groningen), Klaas de Vries (The Conference Board), and Kirsten Jäger
(The Conference Board) for their statistical support.
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economies until the mid-2000s, and places it in the light of the experi-
ences since the beginning of the crisis. Since the onset of the crisis,
European economies experienced a drastic decline in employment
growth whereas productivity growth showed no signs of recovery.
Clearly a significant part of the employment slowdown and the rise in
unemployment related to cyclical factors. However, beyond some
short-lived pro-cyclical improvements in 2010, there have been vir-
tually no signs of a significant recovery in productivity growth, espe-
cially not in TFP. This suggests that medium-term factors remain
predominant in explaining the productivity slowdown. The emergence
of negative TFP growth rates across countries and sectors points to the
possibility of a long-term (or “secular”) stagnation due to a persistent
shortfall in demand and an erosion of supply side factors as established
by the long-term slowdown of potential output growth (Teulings and
Baldwin 2014). However, it is also possible that there is a lull in the
emergence of productive technology applications or that the negative
productivity impact of the regulatory environment is playing a larger
role than before the crisis.

In Section 4.2 of this chapter, we look at the most recent evidence on
the sources of growth in Europe from a growth accounting perspec-
tive, updating our earlier work from Van Ark, O’Mahony, and
Timmer (2008, 2012) and Timmer et al. (2010). In a comparison
with the US, we find that, in the eight years before the crisis
(1999–2007), the gross domestic product (GDP) growth shortfall of
Europe, and especially the Euro Area, relative to the US, was largely
driven by slower growth in ICT investment and weaker TFP growth.
In contrast, employment growth was slightly faster in Europe than in
the US. Since the crisis hit, both employment and TFP growth in the
EU-28 as a whole were more strongly impacted than in the US, even
though the contribution of ICT capital dropped off more in the US.
Overall, the growth differential between Europe and US increased
substantially between 2008 and 2014, although the patterns differed
widely between countries.

In Section 4.3, we look at the latest updates on labor productivity
estimates by industry from Eurostat, and provide a sector decomposi-
tion of growth, using the latest updates on labor productivity from the
EUKLEMS Growth and Productivity Accounts (November 2012).
The analysis confirms our earlier observations that the pre-crisis
weakness in Europe’s productivity performance was strongly
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concentrated in market services while the manufacturing sector
enjoyed a productivity advantage in Europe over the US, with the
ICT sector as the major exception. When digging more deeply, we
roughly find a 50–50 split between European economies that showed
weaker TFP growth in market services than in the US, including the
largest economies (Germany, France, Spain, and Italy, and also
Belgium), and a smaller group of economies (Austria, Finland,
Sweden, and the Netherlands) as well as the UK, which showed faster
productivity growth rates in market services. Since the crisis, the
productivity crisis in Europe has quickly spread to the manufacturing
sector, although cyclical elements related to the double dip recession
have clearly played a role as well.

In the second half of the chapter we focus on howmuch the crisis has
impacted on the rise of the knowledge economy, resulting from an
increased utilization of ICT, improvements in labor force skills, and
a shift from investments in tangible assets (machinery, equipment,
and structures) to intangible assets (software, databases, research and
development, other innovative property, marketing and branding, and
organizational improvements).

In Section 4.4, we zoom in on the impact of the digital economy on
Europe’s productivity growth. The analysis shows that both the
production and use of ICT in Europe grew much slower than in the
US before the crisis. The growth contribution from the ICT-
producing sector weakened considerably in European economies,
while it remained relatively strong in the US. However, beyond ICT
manufacturing, the contribution of ICT capital services to growth in
Europe declined only moderately since the crisis. In particular, we
find that ICT capital intensity in Europe caught up rapidly with the
US in recent years. In contrast, TFP growth emerging from ICT
utilization has declined in Europe since 2008 at a much faster rate
than in the US. The discussion in Section 4.4 suggests that weaker
network effects from ICT are a key explanation for the overall slow-
down in TFP growth.

In Section 4.5 we look at two key drivers behind the knowledge
economy. First, we find that despite the sharp drop in employment
since the recession, the increase in human capital measured as the share
of workers with a college degree and above continued. Therefore human
capital has not been as much of a constraining factor for the growth
recovery as other types of investment or productivity. The obvious
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flipside of this strengthening in the share of high-skilledworkers since the
recession is that, with a decline in overall employment, layoffs weighed
heavier on those workers below college-education level. Second, this
section discusses how the shift from investments in tangible assets
(machinery, equipment, and structures) to intangible assets (software,
databases, research and development, other innovative property, mar-
keting and branding, and organizational improvements) has proceeded
since the crisis. The latter are not included on a standard basis in the
growth accounts, but according to recent research have become a more
important source of growth in the past decades also in Europe (Corrado
et al. 2013). While the investment in human capital and intangible assets
have held up much better than other growth sources since the recession,
the intensity level of intangible assets is still much lower across Europe
than in the US. Intangible investment could become a more important
driver to the recovery of productivity, providing an important catalyst
for Europe’s future growth.

In the final section of the chapter we draw some conclusions on how
Europe’s investment agenda enables Europe to revive long-term pro-
ductivity growth. Despite the focus on short-term cyclical and crisis-
related policy management since 2008/2009, the structural weaknesses
in Europe’s growth performance have also remained a long-standing
concern. In addition to policy actions which support the creation of
knowledge and other intangible assets, we stress the accumulating
evidence that the failure to generate productivity-enhancing scale
effects from creating a larger single market in services could seriously
inhibit Europe’s future growth performance.

4.2 The aggregate sources of growth revisited

As elsewhere in the advanced world, the global economic and financial
crisis significantly affected the economic performance of European
economies. Especially the Euro Area suffered from two recessions
within three years (2008/2009, 2011/2012). Outside the Euro Area,
the UK also experienced a very deep recession, and several Central and
Eastern European economies not in the Euro Area, especially the Baltic
States, suffered from the slowdown in external markets and the expo-
sure of their own financial sectors to the crisis.

To understand how the recovery has evolved and how it might
change the global and European economic landscape in the longer
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term, it is important to distinguish between cyclical recession and
recovery effects, and the structural impact of the crisis. All growth
sources (labor, capital, and productivity) have strong cyclical features.
Labor growth, however, has been also very dependent on policy reac-
tions and on the state of the labor markets in individual countries
before the crisis hit.

We therefore adopt a comparative view, focusing on the pre- and
post-crisis trends in economic growth and the sources of growth in the
longer term. We first review GDP estimates decomposed into their
sources of growth (hours worked, labor composition, ICT and
non-ICT capital, and total factor productivity) for 1999–2007 and
2008–2014 from The Conference Board Total Economy Database
(May 2015). Hence for the first period we look at the growth perfor-
mance roughly between the pre-peaks in the business cycle, and for
the second period we take the year in which the crisis started (by the
end of 2008) until the year for which the latest data are available
(2014 at the time of writing).

4.2.1 Output, employment, and labor productivity
performance

When looking at the impact of the global economic and financial crisis
on Europe’s growth, the aggregate GDP, employment, and labor pro-
ductivity (GDP per hour worked) metrics capture the first order effects
of the response to the crisis (see the first three columns of Table 4.1).
GDP growth in the European Union (EU) was 2.6% between 1999 and
2007, only 0.2 percentage point below the US growth rate over the
same period.2 In the Euro Area, growth was 0.5 percentage points
slower than in the US during the pre-crisis period.3 Strikingly, employ-
ment performance, measured as total hours worked, in Europe was
relatively strong, with the EU-28 (0.8%) and the Euro Area (0.9%), on
the one hand, and the US on the other (0.6%). Overall productivity
growth in Europe was between 0.4 percentage points (EU-28) and
0.8 percentage points (Euro Area) lower than in the US.

2 Measures are for the EU-28, excluding Croatia, which has been an EU member
since July 1, 2013.

3 Measures are the for Euro Area, excluding Latvia, which became a member
of Euro Area on January 1, 2014.
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Following the near-decade long period of fairly solid growth in GDP
in Europe, the emergence of the crisis in 2008 and the two recessions in
2008/2009 and 2011/2012 caused a drop in GDP growth. EU-28
growth dropped to 0.2%, while US GDP growth slowed to 1.1%,
leaving a much larger growth gap between the two regions. In eleven
of the twenty-seven EU member states included in the analysis, GDP
growth contracted over the six-year period. Greece showed the largest
drop at −4.3% per year between 2008 and 2014 (see Appendix
Tables 4.1a and 4.1b).4 Also, several large economies such as Italy
(−1.3%) and Spain (−0.7%) showed a contraction. While the Euro
Area as a whole saw a decline in GDP at −0.2% since the onset of the
crisis, some countries within the Euro Area fared comparatively well,
such as Germany at 0.7%GDP growth on average. In the broader EU,
Sweden still grew its economy at 0.8% on average, and Poland
showed the fastest GDP growth at 3.1% per year on average from
2008–2014.

Table 4.1 Output, hours, and labor productivity growth, and growth
contributions by major input, 1999–2007 and 2008 –2014 (log growth)

Growth rate of
GDP Hours worked1

Labor
productivity
(GDP per hour)

1999–2007
EU-28* 2.6 0.8 1.8
Euro Area** 2.3 0.9 1.4
EU-15*** 2.4 0.9 1.5
EU-12**** 4.4 −0.1 4.5
United States 2.8 0.6 2.2
2008–2014
EU-28* 0.2 −0.4 0.5
Euro Area** −0.2 −0.6 0.5
EU-15*** 0.0 −0.3 0.3
EU-12**** 1.5 −0.4 1.9
United States 1.1 0.0 1.2

4 The EU-28 aggregate excludes Croatia which became a member of the European
Union on July 1, 2013.
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The slowdown in labor productivity growth in the EU was much
more moderate than for GDP, dropping from 1.8% between 1999 and
2007 to a still positive 0.5% growth between 2008 and 2014. This is
accounted for by the strong decline in total hours worked beyond the
slowdown in GDP, which has resulted from a combination of higher
unemployment and lower labor force participation. In fact, the growth
rate in total hours declined at −0.4% per year between 2008 and 2014.
Underlying the EU-wide slowdown in productivity growth are stark

Table 4.1 (cont.)

Contributions to GDP growth from

Hours
worked
(weighted)2

Labor
composition

Non-ICT
capital ICT capital

Total Factor
Productivity
growth

0.5 0.2 0.8 0.5 0.6
0.6 0.2 0.7 0.4 0.4
0.6 0.2 0.7 0.5 0.4

−0.1 0.3 1.2 0.8 2.2
0.4 0.2 0.7 0.7 0.9

−0.2 0.2 0.5 0.3 −0.5
−0.4 0.2 0.3 0.3 −0.6
−0.2 0.1 0.4 0.3 −0.6
−0.3 0.2 1.1 0.7 −0.2
0.0 0.1 0.3 0.4 0.3

Notes
1 Refers to actual log growth rate of total hours worked.
2 Refers to the contribution of total hours worked, weighted by the share of labor in
total compensation, to the log growth rate of GDP.

* Excludes Croatia, which became member of EU on July 1, 2013.
** Refers to pre-2014 membership of eighteen members, excluding Latvia, which

became a member on January 1, 2014.
*** Refers to pre-2004 membership of EU.
**** Refers to new membership of EU since 2004, excluding Croatia, which became

member of EU on July 1, 2013.
Source: The Conference Board Total Economy Database™, May 2015. See: www
.conference-board.org/data/economydatabase. See Appendix Tables 4.1a and 4.1b for
country details.
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differences between countries. The biggest declines in labor productiv-
ity growth in Euro Area countries were seen in Greece (−0.9%) and
Finland (−0.3%). These productivity declines were related to the large
decline in GDP growth in those economies. In Germany, despite a rise
in GDP and per capita income growth at 0.7%, labor productivity
increased at only 0.4% between 2008 and 2014, suggesting strong
labor hoarding effects as a result of short-time working programs.
In contrast, labor productivity growth in Poland increased by 2.8%
per year between 2008 and 2014 periods, which resulted from an
expansionary growth process adding to both output and employment.
Strikingly, Spain also saw an acceleration in labor productivity growth
at 1.7%, but, in contrast to Poland, it resulted from cutting hours even
more than GDP.

4.2.2 A sources-of-growth analysis

Using a standard growth accounting framework, as used by
Jorgenson, Ho and Stiroh (2005), the remaining columns of
Table 4.1 decompose the growth of aggregate GDP into the contribu-
tions of labor, capital, and TFP. While Europe and the Euro Area saw
a faster increase in the contribution of working hours to growth from
1999 to 2007 than the US, hours have contributed negatively since the
beginning of the crisis, in contrast to a zero contribution in the US.
Cyclical factors played some role in hitting Europe’s labor market
harder than the US as domestic demand was more heavily affected,
although this largely depends on the degree of labor hoarding that
took place in different European countries. Indeed growth in total
hours still contributed as much as 0.5 percentage points to growth in
the UK (although offset by a small decline in labor productivity
growth – see Barnett et al. 2014) and 0.2 percentage points in
Germany (together with a moderate increase in labor productivity
growth – see Bellmann et al. 2016). Country details are provided in
Appendix Tables 4.1a and 4.1b.

Capital services, split between ICT and non-ICT capital, have been the
main driver of GDP growth in the aggregate EU and the US. Before the
crisis, non-ICT capital accounted for about 0.8 percentage points of GDP
growth in the EU, but declined to 0.5 percentage points as the crisis
happened. In the Euro Area the contribution of non-ICT capital dropped
from 0.7 to 0.3 percentage points, which was comparable to the drop-off
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in the US. In contrast to most European economies, the Polish economy
showed the biggest deviation from the European average: it saw the non-
ICT capital contribution increase from 0.9 percentage points from
1999–2007 to 1.6 percent from 2008–2014 (Piatkowski 2013).

The contribution of ICT capital in Europe, which had already slowed
in the early 2000s relative to the late 1990s, only slowed modestly more
during the crisis. During the 1995–2007 period, the US advance in the
ICT capital contribution was faster (at 0.7 percentage points) than in
Europe (at 0.5 percentage points and the Euro Area as 0.4 percentage
points). Much of the faster investment pace in the “new economy”
during the late 1990s in the US was driven by the scale effects from
larger US markets, especially in market services such as trade and trans-
portation (Inklaar et al. 2008). However, since 2008 the ICT capital
contribution to growth slowed down a lot in both regions, but slightly
more in the US (from 0.7 to 0.4 percentage points) than in the EU-28
(from 0.5 to 0.3) or the Euro Area (from 0.4 to 0.3). The ICT capital
contributions strengthened in Nordic economies (Denmark, Finland,
and Sweden), but weakened most strongly in France, Italy, Spain, and
the UK.

In Section 4.4 we will address in more detail how much investment
in ICT has helped to strengthen the economies’ productivity perfor-
mance. First it is necessary to address the aggregate TFP performance,
which has emerged as the Achilles’ heel of Europe’s growth
performance. Between 1999 and 2007, TFP growth in the EU-28
was 0.6% (two-thirds of the US growth rate at 0.9%) and only
0.4% in the Euro Area (less than half of that in the US). Central and
Eastern European economies mostly exhibited much faster TFP
growth, as they still benefited from “catchup growth” during the
1990s and most of the 2000s.

Since 2008, Euro Area TFP growth has turned negative for all Euro
Area economies. Even relatively strong economies like Germany could
not maintain TFP growth at positive rates, showing a decline of 0.2%
(See Appendix Tables 4.1a and 4.1b). The continuation of the slowing
trend in TFP growth points to a range of possible explanations. Beyond
the temporary cyclical impact from the recession related to weak
demand, it can be a sign of weakening innovation and technological
change as companies hold back on new investment due to longer-term
concerns about demand and investment (Teulings and Baldwin 2014).
But for the TFP growth rate to turn negative, additional explanations are
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needed. First, it could signal the greater force of rigidities in labor,
product, and capital markets during the crisis, causing increased mis-
allocation of resources to low-productive firms. This is especially so in
times during which scale-dependent technologies such as communica-
tion technology require flexibility across a larger economic space (see
Section 4.4). Limited scale effects in Europe, related to fragmented
markets and limited impacts from ICT utilization, might have played
a larger role than in the US (see Section 4.6). Finally, and related to the
previous explanation, there might be a negative reallocation effect, with
more resources going to the less productive sectors in the economy.

4.3 An industry perspective on the productivity slowdown
in Europe

The major industry sectors of the European economies have been
affected quite differently by the crisis. Table 4.2 presents the average
yearly growth rates of labor productivity for eight major Euro Area
economies (Austria, Belgium, Finland, France, Germany, Italy, the
Netherlands, and Spain), the UK, and the US for 1999–2007 and
2008–2013. The productivity measures are divided between three
main sectors: (1) ICT goods and services, including manufacturing in
electronics and telecommunication equipment and IT and other infor-
mation services (which will be discussed separately in the next section);
(2) other goods production, comprising manufacturing (excluding
ICT), agriculture, mining, utilities, and construction; and (3) market
services, which includes distribution, financial and business services,
and personal services.5

Table 4.3 presents the growth decomposition by major sector for the
average of the eight Euro Area economies and the US. The estimates are
based on the latest updates of theEUKLEMSGrowth and Productivity
Accounts (November 2012). For the Euro Area aggregate, current

5 The analysis does not include non-market services, which comprises education,
health care and public administration, and real estate services. Measurement
problems with regard to output in non-market services are large and we therefore
refrain from showing those separately. Real estate activities are also includedwith
non-market services, as the output measure includes imputed rents on owner-
occupied dwellings, making the interpretation of the productivity measure
problematic.
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Table 4.2 Output per hour by major sector, 1999–2007 and
2008 –2013 (%)

ICT goods and
services*

Goods production,
excl. electrical
machinery*

Market services,
excl. information
and telecom

1999–2007
Euro Area 4.4 1.9 0.7

Finland 10.0 2.7 1.4
Netherlands 5.0 2.9 1.9
Austria 3.6 3.1 1.5
Belgium 2.5 2.8 1.4
France 4.8 2.6 1.1
Germany 4.8 2.5 0.7
Italy 3.3 0.9 −0.1
Spain 2.3 0.1 −0.2

United Kingdom 6.1 2.5 2.6
United States 10.5 1.7 2.1
2008–2013*
Euro Area 2.1 0.5 −0.1

Finland −3.4 −0.7 −0.2
Netherlands 0.3 −0.4 0.2
Austria 1.1 −1.0 0.8
Belgium −0.4 0.7 −0.3
France 2.5 −0.1 0.2
Germany 3.6 0.6 −0.6
Italy 1.2 −0.1 −0.7
Spain 1.2 2.9 0.8

United Kingdom 1.1 −1.9 −0.2
United States 5.0 0.7 0.9

Notes: (1) ICT goods and services includes manufacturing in electronics and
telecommunication equipment and IT and other information services; goods
production includes manufacturing excluding ICT, agriculture, mining, utilities, and
construction); market services excludes ICT services, including distribution, financial
and business services, and community, personal and social services. (2) The Euro
Average refers to Austria, Belgium, Finland, France, Germany, Italy, Netherlands and
Spain.
* ICT goods could not be separated for 2013, so that ICT goods and services, and
goods (excluding ICT) refers to 2008–2012, rather than 2008–2013.

Sources: Eurostat, Bureau of Labor Statistics (BLS), and Bureau of Economic Analysis
(BEA).
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Table 4.3 Output, hours and labor productivity growth, and growth contributions by major sector and major input,
1999–2007 and 1999-latest year available (log growth)

Contributions to real value added growth from

Growth rate of
real value added

Hours worked
(weighted)

Labour
composition

Non-ICT
capital ICT capital

Total Factor
Productivity growth

Euro Area
ICT goods and services

1999–2007 5.4 0.6 0.2 0.7 0.8 3.1
2008–2009 −1.3 −0.8 0.5 0.2 0.3 −1.4
1999–2009 4.2 0.3 0.3 0.6 0.7 2.3

Goods production, excl. electrical achinery
1999–2007 1.7 −0.3 0.3 0.2 0.4 1.1
2008–2009 −6.8 −2.9 0.5 0.1 0.4 −4.9
1999–2009 0.1 −0.8 0.3 0.1 0.4 0.0

Market services, excl. information and telecom
1999–2007 2.4 1.0 0.2 0.5 0.7 −0.1
2008–2009 −1.6 −0.4 0.3 0.3 0.4 −2.3
1999–2009 1.7 0.8 0.2 0.5 0.7 −0.5
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Contributions to GDP growth from

Growth rate of
real value added

Hours worked
(weighted)

Labour
composition

Non-ICT
capital*

ICT
capital*

Total Factor
Productivity growth

United States
ICT goods and services

1999–2007 9.1 −0.7 0.5 2.0 7.3
2008–2010 4.3 −1.4 0.2 1.0 4.6
1999–2010 7.9 −0.8 0.4 1.8 6.6

Goods production, excl. electrical machinery
1999–2007 0.6 −0.4 0.2 0.6 0.1
2008–2010 −3.5 −4.1 0.5 0.6 −0.6
1999–2010 −0.5 −1.3 0.3 0.6 0.0

Market services, excl. information and telecom
1999–2007 3.0 0.5 0.3 1.7 0.5
2008–2010 −0.8 −1.6 0.3 0.2 0.2
1999–2010 2.1 0.0 0.3 1.4 0.4

Notes: (1) ICT goods and services includes manufacturing in electronics and telecommunication equipment and IT and other information
services; goods production includesmanufacturing excluding ICT, agriculture, mining, utilities, and construction); market services excludes ICT
services, including distribution, financial and business services, and community, personal and social services. (2) The Euro Average refers to
Austria, Belgium, Finland, France, Germany, Italy, Netherlands, and Spain. * Non-ICT capital and ICT capital combined.
Source: EUKLEMS industry-level productivity accounts (www.euklems.net), November 2012. See Appendix Table 4.2 for country.
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EUKLEMS estimates are available up to 2009, so that only the immedi-
ate crisis effects can be analyzed.6

4.3.1 Productivity in the goods sectors excluding ICT
production

The most important observation from the sector data is that before the
2008/2009 crisis, the goods sector was the relative stronghold of pro-
ductivity growth in Europe. In seven of the nine European economies
(all except Italy and Spain) productivity growth in goods production,
which was largely dominated by manufacturing, excluding ICT pro-
duction, but including agriculture, utilities, and construction, was
higher than in the US.7 The average growth rate of labor productivity
in the Euro Area goods production sector was 1.9% from 1999–2007
versus 1.7% in the US (Table 4.2). The Europe–US productivity gap in
goods production before the crisis was even higher for TFP growth,
namely 1.1% in the Euro Area) versus only 0.1% in the US from
1999–2007 (Table 4.3).

Clearly, the differences in goods productivity performance reflect the
specialization of goods production. For example, the US and Nordic
economies strongly concentrated in high-tech ICT sectors (which are
separate from the estimates for the goods producing sector – see
Table 4.2, Appendix Table 4.2 and Section 4.4). In contrast,
European continental economies saw a broader range of specializa-
tions across manufacturing sectors, such as Germany’s stronghold in
investment goods and high-end specialized manufactured products,
France’s specialization in infrastructure and transportation equipment,
and Belgium and the Netherlands’ concentration on chemicals and
related industries.

In the early aftermath of the recession, labor productivity growth
for European goods producing sectors dropped off significantly to
0.5% from 2008–2012, to a large extent because of the cyclical
impact which typically hit the tradeable goods harder than less-
tradeable services, and fell slightly below the US growth rate (at

6 See Appendix Table 4.2 for the results for the eight individual Euro Area
economies, as well as Sweden and the UK. The country series have different end-
years for the various countries between 2009 and 2012, requiring caution in the
interpretation of the comparative growth effects since the crisis.

7 For a discussion of the ICT sector, see Section 4.4 of this chapter.
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0.7%) for the same period. With the exception of Spain, none of the
European economies saw faster productivity growth than the US in
goods production (even excluding ICT) after 2008. The more mod-
erate decline in US productivity growth was largely achieved by
a rapid layoff of manufacturing and construction workers. In most
European countries employment growth rates didn’t decline as much,
with the notable exception of Spain and Italy, where they fell drama-
tically (see Appendix Tables 4.2a and 4.2b). In several countries, in
particular Germany, temporary employment subsidy programs sup-
ported labor hoarding in manufacturing (Bellmann et al. 2016). More
recent estimates of manufacturing output show that the cyclical
recovery effects on manufacturing have largely played out. Still, by
2014 manufacturing value added levels were still below the pre-2008
level.

4.3.2 Productivity in the market services sectors excluding
ICT production

The market services sector (excluding ICT services) showed the
opposite relative productivity performance between Europe and the
US compared to goods production (excluding ICT goods).
On average, labor productivity growth in market services was
0.7% for the eight Euro Area economies from 1999–2007, well
below the 1.9% in the goods producing sector. In the US, we saw
the opposite, with market services productivity at 2.1% from
1999–2007, ahead of the 1.7% labor productivity growth rate in
goods production (excluding ICT) (Table 4.2). The TFP growth
advantage of the US market services sector over Europe was much
smaller, at 0.5% compared to −0.1% for the eight Euro Area
countries (Table 4.3). This demonstrates that growth in US market
services was largely investment-driven, as attested by the higher
growth contributions of capital services in the US (see Appendix
Tables 4.2a and 4.2b).

There are large differences between European countries, though,
with regard to market services productivity growth. Labor produc-
tivity growth was lower than in the US in all eight Euro Area econo-
mies from 1999–2007, but higher (at 2.6%) in the UK, mainly
reflecting faster productivity growth in financial services. In the UK
the contribution of capital intensity, especially in ICT, was among the
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highest in Europe. Still, in half of the ten European economies
(Finland, Austria, the UK, the Netherlands, and Sweden) TFP growth
in market services productivity was higher than in the US from
1999–2007, whereas it was flat in Belgium, France, and Germany,
and negative in Italy and Spain.

The weak productivity performance in market services (excluding
ICT) has been extensively documented in our earlier work (Van Ark
et al. 2008, 2012; Inklaar et al. 2008; Timmer 2010), but it has sig-
nificantly worsened since the crisis – although it weakened in the US as
well. The average labor productivity growth rate for the eight econo-
mies approximating the Euro Area dropped from 0.7% in 1999–2007
to −0.1% in 2008–2013 (Table 4.2). To some extent, the European
slowdown can be attributed to lower investment in ICT– albeit with
large differences across economies. However, more importantly,
average TFP growth in Euro Areamarket services dropped dramatically
from already −0.1% from 1999–2009 to −2.3% in 2008–2009, the first
crisis years (Table 4.3). Factors related to market structure, competi-
tion, and lack of a European single market for services were also
playing a role in Europe’s weak productivity performance in market
services.

Overall, the sectoral growth accounts for European countries show
considerable declines in labor productivity and TFP growth across the
board over the past two decades, even though productivity in goods
production (excluding ICT) has remained relatively strong compared
to market services. The short-term impact of the crisis has unmistak-
ably affected the years immediately following 2008.

However, the discussion in this section also shows that several trends
have longer-term characteristics. Slow productivity growth in services
partly results from slower adjustments and misallocations of inputs,
which may point to the need for continued structural reforms in labor
and product markets. There are also many indications that the failure
to effectively adopt new technologies and innovation over a significant
period of time is an important factor in understanding Europe’s relative
performance, which may be related to institutions and regulations (van
Ark 2014, see also Section 4.6). The remainder of this chapter will
focus on the role of technology and innovation, in particular the slow
ICT pickup in Europe, and investment trends in human capital and
intangible assets.
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4.4 Recent developments on ICT’s impact on productivity
growth

The important and long-lasting productivity effects of the production
and use of ICT and digital content is a key factor in recent productivity
research.8 ICT production, investment, and the digitalization of pro-
duction has had visible effects on economic growth, especially in
mature economies. From the mid-1990s to the mid-2000s, most of
the economic effects of digitalization were reflected in rising labor
productivity resulting from larger investment in ICT hardware and
software. More recently, however, the contribution of ICT has become
more widely diffused, but also less visible – and so more complex when
it comes to its impact on productivity. Especially the combined rise of
broadband and the production of evermore powerful mobile devices
are among the biggest enablers of productivity gains from the econo-
my’s digitalization (see, for example, Greenstein 2000; Röller and
Waverman 2001; van Ark 2011).

However, detailed analysis shows that the effects of digitalization on
growth were more muted in Europe than in the US. This is best under-
stood when decomposing the different effects of ICT on growth.
As with the rise of any general purpose technology (Crafts 2010), one
can distinguish three different impacts from ICT over a prolonged
period of time:

(1) A technology effect through the ICT-producing sector
Firms in the technology producing sector often experience very strong
productivity gains. Before the onset of the crisis, US productivity
growth in the ICT producing sector (including hardware, software,
and telecommunications) grew at 10.5% for labor productivity and
7.3% in terms of TFP growth in 1999–2007 (Table 4.2 and
Table 4.3). Only Finland posted productivity growth rates in the
same range as the US, whereas in other Euro Area countries produc-
tivity growth rates in ICT production were mostly less than half of
that.9 Even though ICT-producing industries only represent a small
part of the economy (about 8% of total GDP in Europe), they

8 This section is largely based on van Ark (2014), with data and estimates obtained
from Corrado and Jäger (2014).

9 See also Appendix Table 4.2 for growth decomposition on Sweden, which also
showed relatively strong performance in ICT products and services.
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accounted for more than 40% (or 0.28 percentage points) of aggre-
gate TFP growth in the market sector (See Table 4.4; Corrado and
Jäger 2014).10 Even though European countries continued to grow
employment in the ICT sector since the emergence of the crisis,
productivity growth stayed well behind the US, which hardly showed
any decline in productivity. Only Sweden continued to match US TFP
growth numbers, while Finland saw its average productivity growth
rates in the ICT sector more than half when comparing 1999–2007 to
1999–2012 (Appendix Table 4.2). The TFP contribution of the ICT-
producing sector remained positive at a modest 0.16% from 2008 to
2011 (Table 4.4).

Table 4.4 Contributions from digitalization to average annual GDP
growth for eight major EU economies, 2001–2011 (%)

2001−2007 2008−2011

Technology effect through the ICT-producing
sector
ICT hardware TFP 0.12 0.05
Sofware MFP 0.04 0.05
Telecom MFP 0.12 0.06

Investment effect from ICT-using industries
through capital deepening
IT investment 0.33 0.12
CT and spectrum investment 0.11 0.09

Network effects on productivity from ICT use in
non-ICT sectors
TFP from ICT returns to scale in non-ICT sector 0.16 −0.31
TFP from ICT adaptions in non-ICT sector 0.09 0.07

Total effects from ICT production, investment,
and use

0.97 0.14

Note: EU-8 refers to the weighted average contributions for eight EU economies:
Austria, Finland, France, Germany, Italy, Netherlands, Spain, and the UK.
Source: Corrado and Jäeger (2014), van Ark (2014), The Conference Board.

10 The estimates in Corrado and Jäger (2014) are for 2001–2007 and for only eight
European countries (Austria, Finland, France, Germany, Italy, the Netherlands,
Spain, and the UK).
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(2) An investment effect from ICT-using industries through capital
deepening
Investment in digital technology takes place through the spending on
ICT and telecom hardware, software, networks, databases, and user
platforms across the economy. As documented above, the investment
effects from ICT in Europe already slowed during the ten years before
the 2008–2009 crisis, and only declinedmoderately further since 2008.
Table 4.3 shows that the ICT contribution (including investment in
spectrum) to growth, was 0.44 percentage point from 2001–2007 and
0.21 percentage point from 2008–2011, slightly lower than the aggre-
gate ICT investment effect in Table 4.2 for 2008–2014.

Other evidence on the amount of capital relative to GDP shows that
the US has made a faster adjustment from non-ICT to ICT capital than
Europe. Figure 4.1 shows that the ICT capital output ratio in the
US increased more than five-fold from 0.02 to 0.1 in just over thirty
years. In Europe, growth was historically much less capital-intensive,
and while the ICT capital output ratio also increased, it remained about
20–25% below that of the US during the late 1990s and 2000s.
However, ICT capital output ratios caught up rapidly on the US since
2008. This suggests that despite the big hit of the crisis on output, ICT
investment has become a relatively more important source of growth in
Europe, although still less than in the US.

(3) Network effects on productivity from ICT use
While supportive for labor productivity growth in Europe, the rise in
capital output ratios in ICT investment does not necessarily lead to
greater efficiency in the economy, as measured by TFP growth. Indeed
TFP growth in ICT production in the Euro Area turned negative on
average −1.4% in 2008–2009, while it remained strong in the US at
4.6% on average (Table 4.3).

The productivity effects of using new technology are not easy to
identify, quantify, and disentangle from other (related) factors impact-
ing on productivity. For example, investment booms in new technology
can, temporarily, cause a slowdown or even a decline in TFP (Basu,
Fernald, and Shapiro 2001). Changing degrees of utilization of the new
capital installed, especially after the creation of new networks, can
impact significantly on productivity.

While significant progress has been made in measuring the contribu-
tion of ICT production and investment to productivity, traditional
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standard growth accounts do not suffice to nail down which part of
TFP growth can be linked to spillover effects and externalities from
ICT. Increasingly network effects from digitalization, including higher
returns to scale due to more connectivity between businesses and
innovative adaptations from ICT across the economy, are key to gen-
erating productivity growth.

Network externalities come in two parts: (1) a return-to-scale effect,
which directly relates to Metcalfe’s law, which states that the value of
a network increases with the square of the number of users of the
network; and (2) the productivity effects from innovative adaptations
from the use of, for example, the internet and wireless technologies.
The productivity impact of the two network effects, which was
obtained from an econometric analysis for eight European countries,
shows these effects to be quite low.11 For example, between 2001 and
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Figure 4.1 Level of ICT capital stock per unit of output, in 2014 US$ (PPP-
converted)

11 See Corrado and Jäger (2014) for a fuller explanation of the dataset, the sources-
of-growth analysis and the econometric estimates on ICT externalities.
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2007, the returns-to-scale (Metcalfe) effect accounted for as little as
0.16% of TFP growth in the eight European countries. During the
2008–2011 period, the returns-to-scale effect detracted 0.3% of TFP
growth. The effect of innovative adaptation on TFP growth – at less
than 0.1% throughout the 2001–2011 period – is even smaller than
returns to scale but more sustainable.

Table 4.4 shows that the combined impacts of ICT production,
investment, and use accounted for about one percentage point of out-
put growth in the eight European economies from 2001 to 2007, which
is substantial given the overall market sector output growth rate of just
over 2%. Close to half of the ICT effect comes from investment and the
other two quarters from productivity of ICT producers and ICT users.
While the productivity contribution from ICT producers and ICT
capital was largely sustained since the onset of the crisis, especially
the returns-to-scale part of TFP by the non-ICT sector contracted
sharply and became negative, bringing the overall contribution of
ICT to output growth in the 2008–2011 period to 0.1%, down from
1% in the 2001–2007 period.

4.5 The role of labor force skills and intangible investments

Human capital has long been seen as an important factor in determin-
ing economic growth and the ability of countries to adopt and utilize
technologies, depending on their skill endowments (Acemoglu 1998).
Much research effort has been devoted to the issue of whether technical
change is skill-biased and on the impact of ICT on the demand for
skilled labor (Autor et al. 1998). This literature especially focuses on
workers with university or equivalent qualifications, as the evidence
suggests that the skills and competencies acquired are those needed to
effectively adopt the new technology.

A severe recession can therefore have serious long-term conse-
quences beyond the immediate drop in output if the extent of
human capital accumulation becomes affected. However, Table 4.5
shows that the percent of those employed in the highest skill group
(ISCED levels 5–6, college education), the education group which the
previous literature referred to above suggests are most in demand in
adopting new technologies, kept increasing for the whole period from
1995 to 2011. For most of the EU-15 countries the rate of increase in
the high skill proportion was faster between 1995 and 2002 than in
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the subsequent period, 2003–2007. New member states showed
a faster increase in the share since the early 2000s, reflecting that
these countries were still catching up in terms of university education
during the past decade.

Since the crisis in 2008/2009, the upskilling of the work force has
continued in all countries, and has even accelerated in some of Europe’s
largest economies, including France, Germany, the UK, and even Spain.
In all new EU-10 countries the growth in high-skilled relative to overall
employment also strengthened during the crisis. The obvious flipside of
this strengthening in the share of high-skilled workers since the reces-
sion is that, with a decline in overall employment, layoffs weighed
heavier on those workers below college-education level.

Table 4.6 presents the same information as in Table 4.5 but broken
down into three broad sectors, including the goods producing sector, the

Table 4.5 High skilled employment as a proportion of total
employment, aggregate economy (%)

1995 2002 2007 2011

EU-15*
Austria 12.9 17.1 18.3 19.7
Finland 31.6 33.8 36.5 39.8
France 21.3 27.2 30.2 34.0
Germany 21.5 24.2 25.7 29.0
Italy 9.2 13.1 16.2 17.9
Netherlands 21.6 25.1 30.8 32.6
Spain 23.5 29.6 33.1 38.5
Sweden 18.2 26.4 30.9 34.7
UK 23.1 31.0 33.3 38.4

EU-12**
Czech Republic 11.5 13.2 15.0 20.1
Hungary 16.4 17.7 21.7 25.7
Poland 14.0 17.2 23.8 28.6
Slovakia 12.3 13.2 16.4 21.4

Note: Percent of those employed in the highest skill group (ISCED levels
5–6, college education).
* Refers to pre-2004 membership of the EU.
** Refers to new membership of the EU since 2004; excludes Croatia,

which became a member of the EU on July 1, 2013.
Source: EU Labor Force Survey.
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Table 4.6 High skilled employment as a proportion of total employment,
by major sector (%)

1995 2002 2007 2011

EU-15*
Austria Goods 6.1 9.9 13.1 14.2

Market services 9.3 12.6 15.5 16.7
Non-market services 32.7 37.1 31.4 33.7

Finland Goods 20.8 23.0 24.3 27.3
Market services 30.7 31.2 33.6 37.1
Non-market services 47.4 50.6 54.7 57.1

France Goods 12.2 15.0 19.6 21.9
Market services 20.5 26.5 29.8 35.0
Non-market services 34.3 40.9 40.2 42.6

Germany Goods 17.3 20.0 20.7 22.7
Market services 17.8 20.2 21.3 24.6
Non-market services 34.8 36.9 39.5 43.6

Italy Goods 3.3 4.5 5.4 6.8
Market services 7.2 12.1 15.5 16.4
Non-market services 23.2 28.7 36.2 38.9

Netherlands Goods 9.8 11.6 16.5 18.4
Market services 18.1 21.9 26.6 28.1
Non-market services 39.4 40.9 47.6 47.3

Spain Goods 11.5 17.8 20.9 26.9
Market services 18.1 27.1 30.7 33.4
Non-market services 55.3 60.4 62.6 63.7

Sweden Goods 7.0 10.8 13.7 14.6
Market services 14.7 21.7 26.0 30.5
Non-market services 32.9 44.7 49.8 54.2

United Kingdom Goods 16.3 22.5 25.3 27.7
Market services 18.7 24.6 26.8 32.7
Non-market services 38.4 48.6 49.3 52.9

EU-12**
Czech Republic Goods 5.6 6.5 7.3 9.6

Market services 11.8 13.3 15.4 20.6
Non-market services 26.4 28.7 31.8 41.5

Hungary Goods 7.3 7.2 9.3 11.5
Market services 14.0 16.9 21.0 25.8
Non-market services 37.1 38.7 44.1 47.4
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market services sector, and the non-market services sector.12 The
table shows that in all countries the high-level skill proportions are
largest in non-market services and lowest in goods production. In
market services the rate of increase in high skill levels accelerated
the most during the post 2008/2009 period, especially in Finland,
France, Germany, and the UK, but less so in the goods producing
sector.

These differences might reflect the impacts of job polarization that
emphasises the substitution of routine tasks by computers (Autor et al.
2003; Acemoglu and Autor 2011). Goods production is likely to be
more prone to such substitution, as well as to offshoring of jobs,
whereas the more intensive ICT-using industries in market services
increased employment for workers with complex non-routine tasks
that are less easily substituted for by ICT. Still, even in goods

Table 4.6 (cont.)

1995 2002 2007 2011

Poland Goods 5.6 6.0 9.6 12.7
Market services 12.9 17.2 25.5 31.0
Non-market services 37.9 42.2 51.9 58.8

Slovakia Goods 6.4 5.4 7.5 10.1
Market services 13.2 13.9 17.1 21.4
Non-market services 26.3 29.0 34.8 42.2

Note: Percent of those employed in the highest skill group (ISCED levels 5–6, college
education). Goods-producing sector includes manufacturing, agriculture, mining,
utilities and construction; market services include distribution, financial and business
services, and personal services; non-market services include community, personal and
social services, education, health care and public administration, and real estate services.
* Refers to pre-2004 membership of the EU.
** Refers to new membership of the EU since 2004; excludes Croatia, which became

a member of the EU on July 1, 2013.
Source: EU Labor Force Survey, 2013.

12 Goods production includes agriculture, mining, manufacturing, utilities, and
construction. Market services include wholesale and retail trade, transportation
and warehousing, and community, personal and social services. Non-market
services include, education, health care and public administration, and real
estate services.
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production the high-skill proportion of employment increased in
Germany, Finland, Italy, and Spain. Non-market services are typically
much less prone to the impact of technology, as the high-skilled
shares of employment remained relatively stable throughout the
period.

Overall the evidence on the impacts of the early aftermath (2008–
2011) of the recession on human capital in Europe appears reasonably
positive, suggesting that skilled labor, on the whole, might not have
been as much of a constraining factor for the growth recovery as other
types of investment or productivity. Indeed the growth decomposi-
tions in Table 4.1 (and Appendix Tables 4.1a and 4.1b) suggest that
the post-crisis period shows very little weakening in the aggregate
growth contribution from labor composition during the period since
the crisis.13

In a similar vein as for human capital, research has highlighted that
organizational changes and other forms of intangible investment such
as work force training are necessary to gain significant productivity
benefits from using ICT (Brynjolfsson, Hitt, and Yang 2002; Black and
Lynch 2001). ICT and intangible assets are connected in many ways.
Some ICT assets such as software and databases are themselves classi-
fied as an intangible asset. ICT can facilitate the deployment of other
intangible assets and enable innovations across the economy, such as the
reorganization of production emphasized by Bertschek and Kaiser
(2004) and Bresnahan, Brynjolfsson, andHitt (2002). It can also involve
streamlining of existing business processes, for example order tracking,
inventory control, accounting services, and the tracking of product
delivery. At the same time, capital deepening in intangible assets also
provides the foundation for ICT to impact on productivity. For example,
the internal organization of a firm plays a role in its ability to use ICT
more efficiently, in particular through managerial and other organiza-
tional changes. Indeed, there is a strong relationship between intangible
capital deepening (excluding ICT) and TFP growth, which is consistent
with the possibility of TFP spillovers from intangible investments beyond
GDP (Corrado et al. 2013).

13 The data in Table 4.1 run up to 2014, suggesting that the slow recovery in
employment growth might have been a detrimental factor in leveraging
a positive effect from the upskilling of the aggregate labor force.
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Following the pioneering work by Corrado, Hulten and Sichel (2005,
2009), internationally comparable estimates of private sector investment
in intangibles have been put together by the Intan-Invest project and
discussed in Corrado et al. (2013) and in Chapter 9 of this volume. This
work divides intangibles into three broad categories: computerized
information (software and databases), innovative property (scientific
research and development [R&D], design, financial innovations), and
economic competencies (work force training, improvements in organi-
zational structures, marketing and branding).

Figures 4.2a and 4.2b show that Europe (here the EU-15 aggre-
gate) has a much lower investment intensity in intangibles than the
US. The share of all measured private intangible investment in
the EU-15 has increased by 2 percentage points from 8.5% of GDP
in the market sector in 1995 to 10.5% in 2012, by which time it was
about two-thirds of the US share.14 Within the EU-15, the
Scandinavian countries, France, and the UK have the highest intan-
gibles intensity, even for those countries the gap with the US remains
significant. Many EU-15 countries currently invest less than half that

4.2a EU–15

0

2

4

6

8

10

12

14

16
Economic competencies

Innovative property

Computerized information

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

Figure 4.2a Investment intensity of intangible assets as a % of value added in
the market sector, EU-15 and the US, 1995–2010 (EU-15)

14 The estimates refer to the ‘market’ economy, excluding education, health, and
public administration.
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in the US – these include Italy, Greece, and Portugal (see Chapter 9
for details).

The US saw sharper increases than Europe in intangibles intensity,
rising by 2.3 percentage points over the same period from 12.9% to
15.2% of market sector value added. While the EU-15 retained its
intangibles during the recession, the intangible capital intensity in the
US declined by almost almost 0.6 of a percentage point in 2009,
although this may primarily have been an impact of the crisis.15

The division between the three main categories is fairly similar
between the two main regions, but the US showed stronger growth
over the entire period in all three asset types, and saw sharper increases
especially in computerized information and economic competencies
(especially organizational capital) during the late 1990s. The intensity
of intangibles is in part related to the structure of the economy, which
explains the relatively high intangible shares for the UK and the US,
which have large shares of GDP in service sectors. These economies
have relatively large shares of their intangibles concentrated in eco-
nomic competencies, notably organizational investments, and in ICT.

4.2b US
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Figure 4.2b Investment intensity of intangible assets as a % of value added in
the market sector, EU-15 and the US, 1995–2010 (US)

15 The latest updates for the US show that by 2013 the share of intangibles in total
GDP had recovered to the pre-recession level. Updated by Carol Corrado and
Kirsten Jäger in Van Ark et al. (2015).
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In Germany, which has a share of GDP in manufacturing, the role of
innovative property, including R&D, is relatively more important.

4.6 Towards reviving long-term growth in Europe

This chapter has amply demonstrated the need for a medium- to long-
term focus on growth in Europe, especially the need to revive produc-
tivity growth. Cyclical factors play an important role in the recovery,
but structural factors are clearly present translating into slower poten-
tial output growth. Policy attention needs to shift to a more medium-
term focus on reigniting growth, especially now that it turns out that we
may have entered a longer period of moderate growth, sometimes
referred to as “secular stagnation” (Teulings and Baldwin 2014).

At face value, it makes much sense to direct our attention to invest-
ment as a key policy tool to revive growth. For example, in a recent
report the German Institute for Economic Research, DIW, has claimed
that since the crisis a large investment gap has emerged across Europe
(DIW, 2014). In this chapter, we have putmuch emphasis on one specific
component of investment in knowledge assets, including ICT, human
capital, and intangible capital. While Europe has held up relatively well
during the crisis, and even exhibited some catching up on the US, for
example in ICT capital, the translation of those investments into faster
productivity remains a major constraint. Investment in intangible assets
can drive innovation and organizational change, which should translate
to stronger productivity. Innovation and educational policies should
focus on supporting the productivity effects from those investments,
partly through focusing on public investment in areas with positive
externalities, and partly through providing the business sector with plat-
forms to connect and reduce information asymmetries.

The productivity of investment and the way it translates into TFP
growth in Europe depends strongly on the ability to strengthen static
effects (focused primarily on cost reductions and allocative efficiency)
as well as dynamic effects (related to competition in product, labor
and capital markets, and innovation) from a large single market in the
EU. Recent analysis shows that the creation of a single digital market
and a single market for services across the EU could contribute sig-
nificantly to unleash the productivity gains from larger market size
(van Ark 2014; Mariniello et al. 2015).
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Appendix Table 4.1a Output, hours, and labor productivity growth, and growth contributions bymajor input, 1999–2007
(log growth)

Average growth of 1999–2007 Contributions to GDP growth

Growth rate
of GDP

Hours
worked1

Labor
productivity

Hours
worked
(weighted)2

Labor
composition

Non-ICT
capital

ICT
capital

Total factor
productivity
growth

EU-28* 2.6 0.8 1.8 0.5 0.2 0.8 0.5 0.6
Euro Area** 2.3 0.9 1.4 0.6 0.2 0.7 0.4 0.4
EU-15*** 2.4 0.9 1.5 0.6 0.2 0.7 0.5 0.4
Ireland 5.9 3.3 2.6 1.8 0.4 2.4 1.0 0.4
Luxembourg 4.7 3.4 1.3 1.9 0.2 2.6 0.0 0.0
Greece 3.9 1.2 2.7 0.7 0.7 1.8 0.7 0.1
Spain 3.8 3.4 0.3 2.2 0.4 1.5 0.5 −0.8
Finland 3.5 1.1 2.4 0.7 0.1 0.4 0.8 1.5
Sweden 3.3 0.8 2.6 0.5 0.3 0.7 0.4 1.4
United Kingdom 3.0 0.7 2.3 0.5 0.4 0.7 0.7 0.7
Netherlands 2.5 0.9 1.6 0.6 0.2 0.4 0.5 0.8
Austria 2.5 0.6 1.9 0.4 0.2 0.5 0.4 1.0
Belgium 2.4 1.1 1.3 0.7 0.2 0.7 0.5 0.2
France 2.2 0.5 1.7 0.3 0.3 0.8 0.3 0.5
Denmark 2.0 0.7 1.3 0.5 0.1 0.5 0.7 0.2
Portugal 1.8 0.4 1.3 0.3 0.8 0.9 0.6 −0.9
Germany 1.6 0.0 1.6 0.0 0.0 0.3 0.3 1.0
Italy 1.5 1.0 0.4 0.7 0.2 0.7 0.2 −0.3
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Appendix Table 4.1a (cont.)

Average growth of 1999–2007 Contributions to GDP growth

Growth rate
of GDP

Hours
worked1

Labor
productivity

Hours
worked
(weighted)2

Labor
composition

Non-ICT
capital

ICT
capital

Total factor
productivity
growth

EU-12**** 4.4 −0.1 4.5 −0.1 0.3 1.2 0.8 2.2
Latvia 7.6 −0.4 7.9 −0.2 0.2 5.1 0.0 2.5
Estonia 6.8 0.9 5.9 0.5 0.2 2.7 0.0 3.4
Lithuania 6.4 0.4 6.0 0.2 0.1 2.8 0.0 3.3
Romania 4.9 −1.7 6.6 −1.2 0.3 −0.2 0.7 5.3
Slovak Republic 4.9 0.1 4.7 0.0 0.2 1.1 1.0 2.5
Slovenia 4.3 0.6 3.7 0.4 0.7 1.4 0.6 1.3
Bulgaria 4.3 0.8 3.4 0.4 0.3 3.6 1.5 −1.5
Poland 4.1 0.1 4.0 0.0 0.3 0.9 0.7 2.3
Czech Republic 4.1 −0.4 4.5 −0.2 0.3 1.6 0.6 1.8
Cyprus 4.1 2.3 1.8 1.5 0.4 0.8 0.0 1.4
Hungary 3.6 0.1 3.5 0.0 0.5 1.1 1.5 0.4
Malta 3.0 0.6 2.4 0.4 0.0 0.8 0.0 1.8
United States 2.8 0.6 2.2 0.4 0.2 0.7 0.7 0.9

Note: Countries are ranked by their GDP growth rate for 1999–2007.
1 Refers to actual log growth rate of total hours worked.
2 Refers to the contribution of total hours worked, weighted by the share of labor in total compensation, to the log growth rate of GDP.
* Excludes Croatia, which became member of the EU on July 1, 2013.
** Refers to pre-2014 membership of eighteen members, excluding Latvia, which became a member on January 1, 2014.
*** Refers to pre-2004 membership of the EU.
**** Refers to new membership of the EU since 2004, and excludes Croatia, which became a member of the EU on July 1, 2013.
Source: The Conference Board Total Economy Database™, May 2015. See: www.conference-board.org/data/economydatabase.
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Appendix Table 4.1b Output, hours, and labor productivity growth, and growth contributions bymajor input, 2008 –2014
(log growth)

Average growth of 2008–2014 Contributions to GDP growth

Growth rate
of GDP

Hours
worked1

Labor
productivity

Hours
worked
(weighted) 2

Labor
composition

Non-ICT
capital

ICT
capital

Total factor
productivity
growth

EU-28* 0.2 −0.4 0.5 −0.2 0.2 0.5 0.3 −0.5
Euro Area** −0.2 −0.6 0.5 −0.4 0.2 0.3 0.3 −0.6
EU-15*** 0.0 −0.3 0.3 −0.2 0.1 0.4 0.3 −0.6
Ireland −0.3 −1.9 1.6 −1.2 0.2 0.8 0.6 −0.6
Luxembourg 0.9 0.5 0.3 0.3 0.2 2.0 0.0 −1.5
Greece −4.3 −3.4 −0.9 −2.1 0.3 0.4 0.7 −3.6
Spain −0.7 −2.4 1.7 −1.4 0.3 0.7 0.3 −0.6
Finland −0.8 −0.5 −0.3 −0.3 0.2 0.2 0.9 −1.8
Sweden 0.8 0.6 0.2 0.4 0.1 0.5 0.7 −0.9
United Kingdom 0.6 0.7 −0.1 0.5 0.1 0.5 0.2 −0.8
Netherlands 0.0 −0.2 0.2 −0.1 0.1 0.3 0.2 −0.4
Austria 0.6 0.1 0.5 0.0 0.1 0.3 0.3 −0.1
Belgium 0.5 0.6 0.0 −0.1 0.2 0.4 0.5 −0.4
France 0.3 −0.1 0.4 0.0 0.2 0.6 0.1 −0.5
Denmark −0.5 −0.7 0.2 −0.5 0.1 0.0 0.8 −0.8
Portugal −0.9 −2.0 1.0 −1.3 0.6 0.1 0.7 −1.0
Germany 0.7 0.3 0.4 0.2 0.1 0.2 0.4 −0.2
Italy −1.3 −1.2 −0.1 −0.8 0.1 0.0 0.1 −0.7
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Appendix Table 4.1b (cont.)

Average growth of 2008–2014 Contributions to GDP growth

Growth rate
of GDP

Hours
worked1

Labor
productivity

Hours
worked
(weighted) 2

Labor
composition

Non-ICT
capital

ICT
capital

Total factor
productivity
growth

EU-12**** 1.5 −0.4 1.9 −0.3 0.2 1.1 0.7 −0.2
Latvia −0.8 −2.3 1.5 −1.3 0.1 0.9 0.0 −0.4
Estonia −0.4 −1.9 1.5 −1.3 0.2 0.9 0.0 −0.1
Lithuania 0.6 −1.9 2.4 −1.1 0.2 1.3 0.0 0.1
Romania 1.1 −1.6 2.7 −1.0 0.2 0.6 0.1 1.2
Slovak Republic 1.8 0.1 1.7 0.0 0.1 0.7 1.5 −0.5
Slovenia −0.6 −0.6 0.0 −0.5 0.3 0.3 0.7 −1.4
Bulgaria 0.9 −1.3 2.2 −0.7 0.3 2.3 1.3 −2.2
Poland 3.1 0.3 2.8 0.1 0.1 1.6 0.7 0.5
Czech Republic 0.3 −0.1 0.4 0.0 0.1 1.1 0.3 −1.2
Cyprus −1.0 −1.6 0.6 −1.0 0.3 0.9 0.0 −1.2
Hungary 0.0 −1.0 1.0 −0.6 0.2 0.3 1.5 −1.5
Malta 2.2 1.4 0.8 0.8 0.2 −0.1 0.0 1.2
United States 1.1 0.0 1.2 0.0 0.1 0.3 0.4 0.3

Note: Countries are ranked by their GDP growth rate for 2008–2014.
1 Refers to actual log growth rate of total hours worked.
2 Refers to the contribution of total hours worked, weighted by the share of labor in total compensation, to the log growth rate of GDP.
* Excludes Croatia, which became member of EU on July 1, 2013.
** Refers to pre-2014 membership of eighteen members, excluding Latvia, which became a member on January 1, 2014.
*** Refers to pre-2004 membership of the EU.
**** Refers to new membership of the EU since 2004, and excludes Croatia, which became a member of the EU on July 1, 2013.
Source: The Conference Board Total Economy Database™, May 2015. See: www.conference-board.org/data/economydatabase.
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Appendix Table 4.2 Output, hours, and labor productivity growth, and growth contributions by major sector and major
input, 1999–2007 and 1999–latest year available (log growth)

Contributions to real value added growth

Growth rate of Real
Value Added

Hours worked
(weighted) 2

Labour
composition Non-ICT capital ICT capital

Total factor
productivity growth

Austria Article I.
ICT goods and services

1999–2007 4.1 0.7 0.3 0.0 1.0 2.2
2008–2009 −1.9 −0.7 0.5 −0.3 0.5 −2.0
1999–2009 3.0 0.4 0.3 −0.1 0.9 1.4

Goods production, excl. electrical machinery
1999–2007 2.7 −0.3 0.3 −0.2 0.2 2.6
2008–2009 −6.5 −1.8 0.1 −0.1 0.1 −4.9
1999–2009 1.0 −0.5 0.2 −0.1 0.2 1.3

Market services, excl. information and telecom
1999–2007 3.1 0.9 0.2 0.4 0.6 1.0
2008–2009 0.2 −0.6 0.5 0.2 0.4 −0.3
1999–2009 2.6 0.6 0.3 0.4 0.5 0.8

Belgium
ICT goods and services

1999–2007 3.9 0.8 0.3 0.6 2.1 0.1
2008–2011 0.6 0.1 0.2 0.5 1.3 −1.5
1999–2011 2.9 0.6 0.3 0.6 1.8 −0.3
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Appendix Table 4.2 (cont.)

Contributions to real value added growth

Growth rate of Real
Value Added

Hours worked
(weighted) 2

Labour
composition Non-ICT capital ICT capital

Total factor
productivity growth

Goods production, excl. electrical machinery
1999–2007 1.7 −0.2 0.2 0.7 0.3 0.8
2008–2011 −0.1 −0.8 0.2 0.8 0.2 −0.5
1999–2011 1.2 −0.4 0.2 0.7 0.2 0.4

Market services, excl. information and telecom
1999–2007 2.7 0.7 0.2 0.9 0.8 0.0
2008–2011 0.7 0.5 0.1 0.6 0.4 −0.8
1999–2011 2.1 0.7 0.2 0.8 0.7 −0.2

Finland
ICT goods and services

1999–2007 12.8 1.1 0.5 1.2 1.0 8.9
2008–2012 −5.2 −0.5 0.4 0.6 −0.5 −5.3
1999–2012 6.3 0.5 0.5 1.0 0.5 3.9

Goods production, excl. electrical machinery
1999–2007 2.9 0.1 0.1 0.2 0.2 2.1
2008–2012 −2.7 −1.2 0.2 0.1 0.2 −2.0
1999–2012 0.9 −0.3 0.1 0.2 0.2 0.7

Market services, excl. information and telecom
1999–2007 2.9 1.3 0.0 0.4 −0.2 1.4
2008–2012 0.3 0.5 0.1 0.0 0.0 −0.4
1999–2012 2.0 1.0 0.0 0.3 −0.2 0.8

France
ICT goods and services

1999–2007 5.7 0.5 0.4 0.5 0.6 3.7
2008–2009 −1.7 −0.4 0.7 0.5 0.2 −2.8
1999–2009 4.3 0.4 0.4 0.5 0.5 2.5

Goods production, excl. electrical machinery
1999–2007 1.6 −0.4 0.4 0.3 0.1 1.3
2008–2009 −4.6 −1.5 0.6 0.4 0.1 −4.2
1999–2009 0.5 −0.6 0.4 0.3 0.1 0.3

Market services, excl. information and telecom
1999–2007 2.5 1.1 0.3 0.7 0.4 0.0
2008–2009 −1.8 −0.3 0.5 0.4 0.2 −2.5
1999–2009 1.7 0.8 0.4 0.6 0.4 −0.5

Germany
ICT goods and services

1999–2007 5.5 0.5 0.0 0.3 0.4 4.2
2008–2009 1.0 −1.5 0.5 0.1 0.1 1.9
1999–2009 4.7 0.1 0.1 0.3 0.4 3.8

Goods production, excl. electrical machinery
1999–2007 1.3 −1.3 0.1 0.1 0.1 2.3
2008–2009 −9.5 −2.2 0.6 0.1 0.2 −8.3
1999–2009 −0.6 −1.4 0.2 0.1 0.2 0.4
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Appendix Table 4.2 (cont.)

Contributions to real value added growth

Growth rate of Real
Value Added

Hours worked
(weighted) 2

Labour
composition Non-ICT capital ICT capital

Total factor
productivity growth

Market services, excl. information and telecom
1999–2007 1.9 0.4 0.0 0.6 0.7 0.1
2008–2009 −1.3 −0.3 0.3 0.4 0.5 −2.0
1999–2009 1.3 0.3 0.0 0.6 0.7 −0.3

Italy
ICT goods and services

1999–2007 4.5 0.8 0.2 1.9 0.5 1.1
2008–2009 −4.1 −1.0 0.1 0.7 0.1 −4.0
1999–2009 2.9 0.5 0.2 1.7 0.4 0.2

Goods production, excl. electrical machinery
1999–2007 1.1 0.3 0.4 0.7 0.1 −0.4
2008–2009 −7.7 −3.4 0.4 0.1 0.0 −4.8
1999–2009 −0.5 −0.4 0.4 0.6 0.1 −1.2

Market services, excl. information and telecom
1999–2007 1.7 1.2 0.2 0.8 0.3 −0.9
2008–2009 −3.1 −0.9 0.1 0.2 0.0 −2.6
1999–2009 0.8 0.8 0.2 0.7 0.3 −1.2

Netherlands
ICT goods and services

1999–2007 6.0 0.7 0.5 0.5 1.1 3.3
2008–2010 −0.4 0.0 0.0 −0.1 0.4 −1.2
1999–2010 4.4 0.5 0.4 0.3 0.9 2.1

Goods production, excl. electrical machinery
1999–2007 1.9 −0.3 0.4 0.0 0.2 1.6
2008–2010 −0.7 −0.3 0.0 0.3 0.1 −1.5
1999–2010 1.3 −0.3 0.3 0.1 0.2 0.9

Market services, excl. information and telecom
1999–2007 3.0 0.7 0.3 0.4 0.5 1.0
2008–2010 −0.7 −0.2 0.1 0.1 0.1 −1.2
1999–2010 2.0 0.5 0.3 0.3 0.4 0.4

Spain
ICT goods and services

1999–2007 4.3 0.3 0.4 2.1 1.1 0.3
2008–2009 −0.9 −0.2 0.6 0.6 0.2 −2.0
1999–2009 3.3 0.2 0.4 1.8 0.9 −0.1

Goods production, excl. electrical machinery
1999–2007 2.8 1.2 0.3 1.5 0.2 −0.4
2008–2009 −5.2 −6.6 0.8 1.0 0.1 −0.5
1999–2009 1.3 −0.2 0.4 1.4 0.2 −0.4

Market services, excl. information and telecom
1999–2007 4.3 2.7 0.4 1.4 0.6 −0.8
2008–2009 −0.8 −0.2 0.5 1.3 0.3 −2.6
1999–2009 3.4 2.2 0.4 1.4 0.6 −1.1
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Appendix Table 4.2 (cont.)

Contributions to real value added growth

Growth rate of Real
Value Added

Hours worked
(weighted) 2

Labour
composition Non-ICT capital ICT capital

Total factor
productivity growth

Sweden
ICT goods and services

1999–2007 10.0 0.2 1.2 0.9 7.7
2008–2011 6.1 0.2 0.2 1.5 4.1
1999–2011 8.8 0.2 0.9 1.1 6.6

Goods production, excl. electrical machinery
1999–2007 3.5 0.2 0.2 0.6 2.6
2008–2011 −2.2 −0.4 −0.3 0.4 −1.8
1999–2011 1.8 0.0 0.0 0.5 1.2

Market services, excl. information and telecom
1999–2007 4.0 0.7 0.8 1.6 0.9
2008–2011 1.6 1.1 0.1 1.2 −0.8
1999–2011 3.2 0.8 0.5 1.5 0.4

United Kingdom
ICT goods and services

1999–2007 6.3 0.3 0.5 1.2 1.3 3.0
2008–2009 −3.1 −2.9 0.4 0.2 −0.2 −0.5
1999–2009 4.6 −0.3 0.5 1.0 1.0 2.4

Goods production, excl. electrical machinery
1999–2007 0.7 −1.2 0.4 0.2 0.2 1.1
2008–2009 −6.7 −2.6 0.4 0.0 0.1 −4.6
1999–2009 −0.7 −1.5 0.4 0.2 0.2 0.0

Market services, excl. information and telecom
1999–2007 4.0 1.0 0.4 0.6 1.0 1.0
2008–2009 −4.0 −1.3 0.5 −0.1 0.3 −3.4
1999–2009 2.6 0.6 0.4 0.5 0.9 0.2

Notes: (1) ICT goods and services include manufacturing in electronics and telecommunication equipment and IT and other information
services; (2) goods production includes manufacturing excluding ICT, agriculture, mining, utilities, and construction; (3) market services
excludes ICT services and includes distribution, financial and business services, and community, personal, and social services. Non-market
services include education, health care and public administration, and real estate services.
Source: EUKLEMS industry-level productivity accounts, November 2012. See: www.euklems.net.

9CC
,

5
: 

8
 

 
.

2565
7

9CC
,

 42
3

:586 
8

4
6 

2
3

:586
1

:
6

:C
0

2:
/2

2C
,

,
D3

64CC
C96

2
3

:586
6

C6
7D

6
2

2:23
6

2C9CC
,

 42
3

:586 
8

4
6

C6
 

https://doi.org/10.1017/9781316534502.004
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


References

Acemoglu, D. 1998. “Why do New Technologies Complement Skills?
Directed Technical Change and Wage Inequality,” Quarterly Journal
of Economics, 113(4): 1055–1089.

Acemoglu, D. and D. H. Autor. 2011. “Skills, Tasks and Technologies:
Implications for Employment and Earnings.” In Orley Ashenfelter and
David Card (eds.)Handbook of Labor Economics, Vol. 4B. Dan Diego,
CA: North Holland, Ch. 12, 1043–1171.

Autor, D. H., L. F. Katz, and A. B. Krueger. 1998. “Computing Inequality:
Have Computers Changed the Labour Market?’ Quarterly Journal of
Labour Economics, 113(4): 1169–1213.

Autor D. H., F. Levy, and R. Murnane. 2003. “The Skill Content of Recent
Technological Change: An Empirical Exploration,” Quarterly Journal
of Economics, 118(4): 1279–1333.

Barnett, A., S. Batten, A. Chiu, J. Franklin, and M. Sebastia-Barriel.
2014. “The UK Productivity Puzzle,” Bank of England Quarterly
Bulletin, Q2.

Basu, S., J. G. Fernald, and M. D. Shapiro. 2001. “Productivity Growth in
the 1990s: Technology, Utilization, or Adjustment?” Carnegie-
Rochester Conference Series on Public Policy, 55: 117–165.

Bellmann, L., H-D. Gerner, and M.-C. Laible. 2016. “The German Labour
Market Puzzle in the Great Recession.” In P. Askenazy, (ed.), Productivity
Puzzles in Europe. Paris: CEPREMAP. See: www.cepremap.fr/depot/201
5/ProductivityPuzzle/BellmannGerner.pdf.

Bertschek, I., and U. Kaiser. 2004. “Productivity Effects of Organisational
Change: Microeconometric Evidence,” Management Science, 50(3):
394–404.

Black, S. E. and L. M. Lynch. 2001. “How to Compete: The Impact of
Workplace Practices and Information Technology on Productivity,”
The Review of Economics and Statistics, 83(3): 434–445.

Bresnahan, T. F., E. Brynjolfsson, and L. M. Hitt. 2002. “Information
Technology, Workplace Organization, and the Demand for Skilled
Labor: Firm-Level Evidence,” Quarterly Journal of Economics, 117(1):
339–376.

Brynjolfsson, E., L. M. Hitt, and Shinkyu Yang. 2002. “Intangible Assets:
Computers andOrganisational Capital,”Brookings Papers on Economic
Activity: Macroeconomics, (1): 137–199.

Corrado, C., Jonathan Haskel, Cecilia Jona-Lasinio, and Massimiliano
Iommi. 2013. “Innovation and Intangible Investment in Europe, Japan,
and the United States,” Oxford Review of Economic Policy, 29(2):
261–286.

150 Bart van Ark and Mary O’Mahony

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.004
https://www.cambridge.org/core


Corrado, C., C. Hulten, and D. Sichel. 2005. “Measuring Capital and
Technology: An Expanded Framework.” In C. Corrado, J. Haltiwanger
and D. Sichel (eds.) Measuring Capital in the New Economy. University
of Chicago Press, 11–46.

2009. “Intangible Capital and US Economic Growth,” Review of Income
and Wealth, 55(3): 661–685.

Corrado, C. and K. Jäger. 2014. “Communication Networks, ICT and
Productivity Growth in Europe,” Economics ProgramWorking Paper,
no. 14–04, The Conference Board, New York.

Crafts, Nicholas. 2010. “The Contribution of New Technology to Economic
Growth: Lessons from Economic History,” Revista de Historia
Economica, 28: 409–440.

DIW. 2014. “Economic Impulses in Europe,” DIW Economic Bulletin,
No. 7, Berlin.

Greenstein, S. 2000. “Building and Delivering the Virtual World:
Commercializing Services for Internet Access.” Journal of Industrial
Economics, 48(4): 391–411.

Inklaar, R. C.,M. P. Timmer, and B. vanArk. 2008. “Market Services Across
Europe and the US,” Economic Policy, 23(53, January): 139–194.

Jorgenson, Dale W., Mun S. Ho, and Kevin J. Stiroh. 2005. Information
Technology and the American Growth Resurgence. Cambridge, MA:
The MIT Press.

Mariniello, M., A. Sapir, and A. Terzi. 2015. “The Long Road Towards the
European Single Market,” Bruegel Working Paper, Brussels, Belgium,
March 16.

Piatkowski, M. 2013. “Poland New Golden Age. Shifting for Europe’s
Periphery to Its Center,” Policy Research Working Paper, No. 6639,
Washington DC.

Röller, L. H. and L. Waverman. 2001. “Telecommunications Infrastructure
and Economic Development: A Simultaneous Approach,” American
Economic Review, 91(4): 909–923.

Teulings, C. and R. Baldwin. 2014. Secular Stagnation: Facts, Causes and
Cures. London: VoxEU, Centre for Economic Policy Research.

Timmer, Marcel P., Robert Inklaar, Mary O’Mahony, and Bart van Ark.
2010. Economic Growth in Europe. A Comparative Industry
Perspective. Cambridge University Press.

vanArk, Bart. 2011. (Exec. ed.)The LinkedWorld: How ICT is Transforming
Societies, Cultures and Economies. New York: The Conference Board,
Report for Fundación Telefonica.

2014. Productivity and Digitalisation in Europe: Paving the Road to
Faster Growth. Brussels/New York: The Lisbon Council and
The Conference Board.

Productivity growth in Europe 151

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.004
https://www.cambridge.org/core


van Ark, Bart, Mary O’Mahony, and Marcel Timmer. 2008.
“The Productivity Gap between Europe and the US: Trends and
Causes,” Journal of Economic Perspectives, 22(1, Winter): 25–44.

2012. “Europe’s Productivity Performance in Comparative Perspective:
Trends, Causes and Recent Developments.” In M. Mas and R. Stehrer
(eds.), Industrial Productivity in Europe, Growth and Crisis.
Cheltenham, UK: Edward Elgar Publishing, pp. 65–91.

van Ark, Bart, Ataman Ozyildirim, Prajakta Bhide, Elizabeth Crofoot,
Abdul Erumban, and Gad Levanon. 2015. “Prioritizing Productivity
to Drive Growth, Competitiveness and Profitability,” Research Report,
R-1580-KBI, The Conference Board, New York, May.

152 Bart van Ark and Mary O’Mahony

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.004
https://www.cambridge.org/core


5 LA-KLEMS: economic growth
and productivity in Latin America
andré hofman, matilde mas,
claudio aravena, and juan fernández
de guevara

Introduction

In the last two decades, the comparatively poor performance of eco-
nomic growth in Latin America (LA) masks significant changes in both
its sources and growth patterns.1 This chapter examines economic
growth, productivity, and its determinants in five countries in Latin
America for the period 1990–2010 for the aggregate economy as well
as for nine economic sectors. In our analysis we use a new database,
LA-KLEMS,which serves as a fundamental tool for research in the area
of economic growth and productivity. The variables are organized
around the growth accounting methodology, which provides a clear
conceptual framework for analyzing interaction between variables in
a consistent manner. LA-KLEMS is part of theWorld KLEMS initiative
led by Professor Dale W. Jorgenson. An overview of this initiative can
be found in Jorgenson (2016). The countries participating in LA-
KLEMS are Argentina, Brazil, Chile, Colombia, and Mexico, and the
project will continue to expand to include other countries in the
region.2 Information provided on these countries is broken down into
nine industries.

1 The authors are thankful for the comments and suggestions made by Dale
Jorgenson, Kyoji Fukao, and Marcel Timmer to earlier versions of this chapter.
We would like to acknowledge Juan Carlos Robledo for his research assistance,
and Matilde Mas and Juan Fernández de Guerara thank the Spanish Ministry of
Economy and Competitiveness (ECO2015-70632-R and ECO2013-43959-R).

2 The LA-KLEMS project was coordinated by the United Nations Economic
Commission for Latin America and the Caribbean (ECLAC). The project started
with four countries, Argentina, Brazil, Chile, andMexico, whichwere later joined
by Colombia, Costa Rica, and Peru. See also Cimoli, Hofman, andMulder (2010)
with the results on the aggregate level, of the first phase of the LA-KLEMS project
in ECLAC.
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Although the main objective of generating the KLEMS database is to
identify comparative productivity trends, the data collected are also
useful for a large number of other purposes because of the database’s
comprehensive and detailed coverage. The data series follow the for-
mat of EU-KLEMS (see Timmer, Inklaar, O’Mahony and van Ark
2010) including measures of production and growth factors and vari-
ables in various categories of capital (K), labor (L), energy (E), materi-
als (M), and service inputs (S).3 The LA-KLEMS database is largely
built upon the information provided by the national statistical insti-
tutes (INE) and/or central banks, and is processed according to inter-
nationally standardized procedures. These procedures have been
developed to ensure international comparability of data and generate
coherent series.

The KLEMS data are based both on national accounts statistics for
each country and on the concepts and conventions of the System of
National Accounts. Employment statistics, labor information coming
from household and/or employment surveys, and, in some cases, social
security registers, are also used to obtain the most consistent series for
hours worked.

This brand new database is particularly relevant for Latin America
countries, as comparable studies on economic growth and productivity
have been hampered by the lack of standard databases covering a wide
range of countries. The KLEMS methodology allows for comparable
cross-country series of the main variables associated with economic
growth and productivity. The comparative analysis of gross domestic
product (GDP) growth by industry, capital, and labor productivity
obtained from the KLEMS data provides an extremely useful starting
point for identifying the sources of growth. However, growth account-
ing applied in this study does not explicitly take into account institu-
tional factors, the external context, etc. that is, the ultimate factors in
explaining economic development (see Hsieh and Klenow 2010).

Examining productivity figures with LA-KLEMS clearly reveals the
differences between countries and gives a new perspective for under-
standing the evolution of the series over time. This coherent structure
allows researchers to observewhether Latin America is in the process of
‘catching up’with Europe and the United States, and in what industries

3 E, M, and S are included in the LA-KLEMS database but the analysis of this
chapter is based upon value added data of the database.
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progress or setbacks occur. The possibilities opened up to researchers
with the LA-KLEMS database are relevant as homogeneous series
detailed by industry can be observed, allowing for analysis of how
each country evolves over time, and subsequent comparison both
among Latin American countries and with developed economies.

The aim of this chapter is twofold: first, to use the KLEMS homo-
geneous database to discern and discover patterns in both value added
(VA) and labor productivity growth in Argentina, Brazil, Chile,
Colombia, and Mexico over the period 1990–2010; and second, to
present the LA-KLEMS database and disseminate information about it.
The remainder of the chapter is organized as follows. Section 5.1
provides a brief overview of the literature dealing with the patterns of
growth in Latin American countries. Section 5.2 presents the theore-
tical framework. Section 5.3 describes the data sources and methodol-
ogy used in developing the database. Section 5.4 starts by placing the
five countries in the LA context and describes the main facts and trends
that emerge from this new database. Section 5.5 presents the growth
accounting results. Section 5.6 decomposes aggregated productivity
growth and capital deepening by means of a shift-share analysis to
assess the relevance of both individual industry evolution and the
consequences of structural change (changes in specialization). Finally,
Section 5.7 concludes.

5.1 Background

Productivity is defined as the ratio between what a company produces
and the resources used for production. However, productivity is the
result of business decisions about the choice of quantity and quality of
productive inputs, the type, quantity, and quality of production, the
technology used, and how these elements change (organizational struc-
ture, business models) as well as their innovative activity. In each of
these aspects there may be important differences between industries
and even between companies in the same industry. Differences in
productivity depend on the volume and characteristics of production,
the choice of production factors and the combination of these.
Therefore, productivity differentials may be due to multiple factors,
including the type of production processes of product innovation,
quality factors (capital and labor), process innovations, organizational
structure, capacity to adapt to the environment, etc. In this chapter the
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behavior of productivity at the aggregate level of the economy aswell as
the industry (sector) level in Argentina, Brazil, Chile, Colombia, and
Mexico were studied from 1990 to 2010.

Several studies have examined, at the aggregated level, whether
differences in output per worker are due to the differences in physical
and human capital or to total factor productivity (TFP) in Latin
America.4 However, Elías (1992) is the first systematic application of
the Sources of Growth (Growth Accounting) methodology in seven LA
countries, namely Argentina, Brazil, Chile, Colombia, Mexico, Peru,
andVenezuela, for the period 1940–1985.Hemakes a detailed study of
the composition of labor and capital inputs, establishing links between
growth and development analysis. His main conclusion is that for all
countries and decades, capital made the highest contribution to output
growth (45.6%), while the contribution of labor was similar to that of
TFP. Capital’s greatest contribution lay in the growth of both its
quantity (3.8%) and its weight (60%), higher than in developed econo-
mies. Quality improvements also played an important role in the
growth of labor input and through it, in output growth. See also
Hofman (2000) for a careful application of the growth accounting
methodology with data for six countries in Latin America.5

DeGregorio (2006) decomposes differences in output per capita (not
output per worker) comparing Latin American countries to the US in
a more recent period. He finds that TFP is the most important factor in
explaining differences with the US, followed by human capital.
Physical capital, on the other hand, accounts for only a small part of
the difference between Latin America and the US. A similar finding is
presented in Cole et al. (2005), who find that both capital output and
the level of education in Latin America are relatively similar to those of
the US. Therefore, according to their results, differences in TFP mainly
explain differences in GDP per worker.

Using capital per worker, Blyde and Fernández-Arias (2006) found
that the Latin America TFP gap with respect to developed countries

4 Among the first authors were Bruton (1967), Correa (1970), and Langoni (1974).
5 Hofman (2000) also compares the Latin American performance with three
other groups of countries: (a) two rapidly growing Asian countries (Korea and
Taiwan), whose economic growth in the past decades has been remarkably fast;
(b) Portugal and Spain, whose institutional heritage had a good deal in common
with Latin America; and (c) six advanced capitalist countries (France, Germany,
Japan, the Netherlands, the UK, and the US), whose levels of income and
productivity are among the highest in the world.
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widened between 1960 and 1999. They estimate that the gap in TFP in
Latin America increased from about 84% in 1960 to 58% in the 1990s.
In contrast, the human capital gap with respect to developed countries
decreased slightly from 76% to 80%, and the gap of physical capital
increased marginally from 58% to 53%. Thus, TFP in Latin America
was the key factor behind the fall in productivity growth in this area as
compared to the US.

Few authors have studied sectoral differences in productivity in Latin
America. Restuccia (2013) compares the sectoral productivity perfor-
mance of Latin American countries to that of the US. He finds that
productivity growth in the agricultural, industrial, and services sector
was below that in the US during 1950–2000. The exception is the
agricultural sector in Chile, which has been catching up since the
1980s. In addition, the fall in relative productivity was more marked
in the services sector than in the agricultural and industrial sector.
As Restuccia (2013) uses the Groningen Growth and Development
Centre (GGDC) ten-sector database which does not include informa-
tion on capital stock by sector, the comparison is not possible in terms
of capital/output ratio or in terms of TFP.

Szirmai et al. (2013) summarize the literature on the importance of
the manufacturing sector in the development process and emphasize its
role in the nineteenth and twentieth century. Szirmai and Verspagen
(2010) find that the manufacturing sector has a particularly important
role during periods of accelerated growth. However, Timmer and de
Vries (2009) point out that the manufacturing sector has become less
important in recent periods.

Vergara and Rivero (2006) extended existing sectoral capital data
at the Banco Central de Chile, and examined industry TFP growth in
Chile during the period 1986–2001. They found that the average
annual TFP growth was highest in the wholesale and retail sector
and lowest in the manufacturing industry. According to Vergara
and Rivero (2006) the high TFP growth in the commercial sector
could be related to the benefits of adopting information and commu-
nications technology (ICT), which are relatively large in this sector.
Fuentes andGarcia (2014) describe patterns of productivity growth in
nine sectors in Chile in order to explain recent lower TFP growth.
They present evidence that aggregate shocks like the increase in the
minimum wage, especially for industries intensive in labor like man-
ufacturing, construction, and retail, and the increase in energy costs,
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explain lower TFP growth. A special mention is made of the mining
sector and the lower copper grade and its effect on mining productiv-
ity and on the increase in energy costs. In his analysis of the problem
of development in Latin America, Restuccia (2013) emphasizes that
both low labor productivity and TFP growth explain much of the
poor performance in terms of GDP growth.

In Aravena and Fuentes (2013), value added growth is decomposed
into the change in hours worked and in labor productivity (value
added per hour worked) for a set of sixteen Latin American countries.
The average growth of 2.8% of value added between 1981 and 2010
for the sample countries is explained by the increase in hours worked,
while labor productivity had a negative contribution. Regarding the
time profile, the results show that in the 1980s value added increased
by only 1.3% on average, and only two countries, Colombia and
Honduras, experienced increases in labor productivity. During the
nineties there was an improvement in both value added and labor
productivity, and seven countries recorded increases in labor produc-
tivity. Argentina, Chile, and Uruguay stood out for their large con-
tribution of labor productivity. In the period 2001–2010, when the
value added grew by 3.8%, thirteen of the sixteen countries increased
in labor productivity, particularly Chile, but without regaining the
productivity levels that existed in the early 1980s in several cases.
On the other hand, eight countries ended up with lower labor pro-
ductivity than that observed thirty years ago, with a sharp decline in
the first decade that was not compensated for by the productivity
gains in later years.

5.2 Theoretical framework

Themethodology for measuring the sources of value added growthmust
consider the heterogeneity in each of the inputs used in the production of
goods and services. Our analysis considers the two traditional sources of
economic growth – capital and labor –with emphasis on the importance
of both the amount of the factor used and its composition in terms of
quality. Different types of assets are considered in the case of capital. For
labor eight characteristics are used: three levels of education, gender, and
three age groups. The methodology applied to measure its contribution
to economic growth is known as growth accounting,which originated in
the work of Solow (1956 and 1957), Denison (1967), Jorgenson and
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Griliches (1967), Jorgenson, Gollop, and Fraumeini (1987), and
Jorgenson, Ho and Stiroh (2005).

Elías’s (1992) approach – based on the procedure developed by
Jorgenson and Griliches (1967) – accounts for the sources of growth.
Y represents the goods produced; l is the types of intermediate inputs
(X1, X2, . . .Xl);m is the different worker characteristics (L1, L2, . . . Lm);
n is the types of capital inputs (K1, K2, . . . Kn). The value of total
output in a given period is equal to the sum of payments for all inputs
used during the same period. This is expressed by the following
equation:

pYY ¼
Xl

h¼1
xhXhþ

Xm

i¼1
wiLi þ

Xn

j¼1
rjKj ð1Þ

where p is the price of goods produced, and x, w, and r are the
prices of services for each type of intermediate input, labor, and
capital, respectively. This relationship is defined for a given period
t, which in this case is one year. Equation (1) is the basic expression
to identify the role of each variable in the growth of gross output
(GO). In this case, we will work with two simultaneous postings: one
explaining changes in the GO by changes occurring in the goods
produced. The other, the right hand side of equation (1), explains the
sources of these changes.

Differentiating equation 1with respect to time, the following expres-
sion is obtained:

pY _Y þ Y _pY ¼
Xl

h¼1
xh _Xhþ

Xm

i¼1
wi

_Li þ
Xn

j¼1
rj _Kj

þ
Xm

i¼1
Li _wi þ

Xn

j¼1
Kj _rj þ

Xl

h¼1
Xh _xh ð2Þ

If we rewrite the terms of equation (2), leaving all derivative quan-
tities of output and inputs for a period on the left hand side of the
equation, and those derived from the production input prices for the
same period on the right of the equation, we obtain:

pY _Y %
Xl

h¼1
xh _Xh%

Xm

i¼1
wi

_Li %
Xn

j¼1
rj _Kj

¼
Xm

i¼1
Li _wi þ

Xn

j¼1
Kj _rj þ

Xl

h¼1
Xh _xh% Y _pY ð3Þ

Equation (3) presents the duality between prices and quantities, the
term used in the theory of production and cost function. This
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expression suggests that the difference between changes in the produc-
tion input values for given prices of output and inputs is equal to the
difference between price changes of output and inputs for given inputs
and outputs. If we consider only the left hand side of equation (3) under
conditions of cost minimization, we have:

pY _Y ¼
Xl

h¼1
xh _Xhþ

Xm

i¼1
wi

_Li þ
Xn

j¼1
rj _Kj ð4Þ

Expressing the relationship in terms of percentage changes, dividing
and multiplying each derivative by the corresponding variable:

pYY _Y=Y
! "

¼
Xl

h¼1
xhXh

_Xh=Xh

! "
þ
Xm

j¼1
wiLið _Li=LiÞ

þ
Xn

h¼1
rjKjð _Kj=KjÞ ð5Þ

Then, if both sides of (5) are divided by PYY, which is expressed for
each side of equation (1), and defined

βh ¼ xhXh=GOð Þ
βi ¼ wiLi=GOð Þ
βj ¼ rjKj=GO

! "

βX ¼
X

h
βh

βL ¼
X

i
βi

βK ¼
X

j
βj

we obtain,

_Y=Y ¼
Xl

h¼1
βhð _Xh=XhÞ þ

Xm

i¼1
βið _Li=LiÞ þ

Xn

j¼1
βjð _Kj=KjÞ

ð6Þ

Equation (6) states that the exchange rates of the goods produced is
equal to the weighted average exchange rates for all types of intermedi-
ate inputs, labor, and capital. The weight represents the proportion of
these factors in GO. All components of equation (6), the variation rates
and the weights average, refer to the time period t, which is not
included as a subscript in order to simplify the notation. We define
the gross concept of each input as the sum of all types of labor and
capital:
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X ¼
X

h

Xh

L ¼
X

i

Li

K ¼
X

j

Kj

and the weighted average unit price of intermediate inputs, labor and
capital:

x¼
X

h

xhXh=X

w ¼
X

i

wiLi=L

r ¼
X

j

rjKj=K

If we substitute these concepts and averages in equation (6) and
rearrange some terms, we find:

_Y=Y ¼
Xl

h¼1
βhð _Xh=Xh% _X=XÞ þ

Xm

i¼1
βið _Li=Li % _L=LÞ

þ
Xn

j¼1
βjð _Kj=Kj % _K=KÞ þ βX _X=X

! "
þ βLð _L=LÞβK _K=K

! "

¼ βX _X=X
! "

þ βX
Xl

h¼1
_xh=x _X=X

! "
þ βL _L=L

! "

þ βL
Xm

i¼1
_wi=wð _Li=LÞ þ βK _K=K

! "
þ βK

Xn

j¼1
_rj=r _Kj=K

! "

ð7Þ

In equation (7) the weighted sum of the rates of change of inter-
mediate inputs, labor, and capital have been decomposed into two
terms for each type of input. The first is the growth rate of the gross
component of intermediate inputs, labor, and capital (X, L, and K),
weighted by the proportion of the total income of each type of input.
The second component for each type of input is the rate of change in the
quality of intermediate inputs, labor, and capital.

This approach considers changes in technology and changes in the
quality of inputs. The best way to capture these changes is through
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a definition of input price indices to incorporate the changes in its
accounting quality.

_Y=Y % βX _X=X
! "

% βX
Xl

h¼1
_xh=x _X=X

! "

¼ βL _L=L
! "

þ βL
Xm

i¼1
_wi=wð _Li=LÞ þ βK _K=K

! "

þ βK
Xn

j¼1
_rj=r _Kj=K

! "

_VA=VA ¼ βL _L=L
! "

þ βL
Xm

i¼1
_wi=wð _Li=LÞ þ βK _K=K

! "

þ βK
Xn

j¼1
_rj=r _Kj=K

! "
ð8Þ

However, as the calculation of the quality of both capital and
employment cannot capture all changes resulting from TFP, we include
as an element the rate of change in TFP.

5.3 Data and sources

This section describes the main sources and data used in construct-
ing the LA-KLEMS database for five LA countries (Argentina,
Brazil, Chile, Colombia, and Mexico). Overall, the database uses
the national accounts of each country, which are prepared using
homogeneous classifications and definitions. This ensures that the
resulting database will be consistent and uniform across countries.
Furthermore, capital accounts were homogenized according to the
asset classification of national accounts, also including the capital
good “software.” The data sources come from the official statistical
institutes and/or central banks of each of the countries included in the
database. The project provides information for most of the variables
from 1990 to 2010.

Additionally, the LA-KLEMS database includes variables for
growth accounting at the industry level. Although the industry dis-
aggregation available varies across countries due to data limitations,
the LA-KLEMS database was created in a way that meets the mini-
mum standards set by KLEMS. More precisely, it uses a standard
minimum level disaggregation of nine industries, as shown in
Table 5.1. Given data availability for some of the countries analyzed
it is not possible to achieve the thirty-one industry disaggregation
proposed by KLEMS.
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One of the major challenges in creating the database is how to
calculate capital services. This requires a series of gross fixed capital
formation (GFCF) broken down into the type of asset included in the
KLEMS database (Table 5.2). The required breakdown does not neces-
sarily coincide with the GFCF classifications published by the national
statistical institutes and/or central banks of the countries studied.
The main difficulties arise because of the lack of disaggregation in
some assets and/or methodological changes throughout the period
(changes in the reference years of national accounts, for example).

The database is divided into three sections by type of data:Module 1:
Production accounts by industries, which gathers basic production

Table 5.1 Industries in LA-KLEMS

Description KLEMS
CongoDemocratic
Republic KLEMS

Total economy TOT
Agriculture, hunting, forestry, and fishing AtB
Mining and quarrying C
Total manufacturing D
Electricity, gas, and water supply E
Construction F
Wholesale, retail trade, and hotels and restaurants GtH
Transport and storage and communication I
Finance, insurance, real estate, and business services JtK
Community social and personal services LtQ

Table 5.2 Gross fixed capital formation by type of asset

Total construction
Residential structures
Total non-residential investment

Transport equipment
Machinery and equipment
Other products
Products information technology and communications
Computing equipment
Communications equipment
Software
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variables;Module 2: Labor accounts, which gathers information about
employment variables; andModule 3: Capital accounts, which gathers
information about investment series.

Module 1: Production accounts by industries. This module includes the
economic variables that make up the production accounts and genera-
tion of income from the economic activity, expressed at current and
constant prices. The macro-economic variables were obtained from the
national accounts of eachmember country. Three types of intermediate
consumption are considered: energy, materials, and services. Energy
comprises International Standard Industrial Classifier (ISIC) energy
products in mining (10–12), refined petroleum products (23), and
products of electricity, gas, and water (40). Services contain all pro-
ducts (50–99). The remaining intermediate consumption is classified as
materials.

Data for Argentina were taken from the National Institute of
Statistics and Census (INDEC). In Brazil economic data for thirty
industries were obtained from the Instituto Brasileiro de Geografia
e Estatística (IBGE). The production accounts for Chile were con-
structed from national accounts data for different reference years.
Series for Colombia came from the Administrative Department
National Statistics (DANE). Series for Mexico were provided by the
National Institute of Statistics and Geography (INEGI), through the
accounts of goods and services (CBYS). INEGI is, so far, the only LA
institution providing very detailed KLEMS data on a regular basis as
part of its official statistics.6

Module 2: Labor accounts. Labor accounts information is mostly
provided by the statistical agencies in the labor force surveys and
other statistics operations. In these surveys the labor force can be
disaggregated by sex, age, industry, and education level, as detailed in
Table 5.3.

Data for Argentina came from the Permanent Household Survey
(EPH), which contains information on all urban areas and Gran
Buenos Aires (Buenos Aires and Greater Buenos Aires) for the period
1990–2008. Employment data for Brazil were taken from the National
Household Sample Survey (PNAD), which is the statistic that best

6 See: www.inegi.org.mx/est/contenidos/proyectos/cn/ptf/default.aspx.
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represents the employed population in terms of coverage, comparability,
disaggregation, and history. An annual report on social information
(RAIS) was also used. For Chile, employment figures were drawn from
the National Employment Survey (ENE), which provides information
about the number of employees and hours worked, and from the
Supplementary Survey of Income (ESI), which provides information
about income earned by the employed population. For Colombia, the
National Household Survey (ENH), the Continuous Household Survey
(ECH), and the Large Integrated Household Survey (GEIH) provide
information on the number of employees, hours worked, and income
for the period 1990–2010. Employment information for Mexico was
obtained from the National Occupation and Employment Survey
(ENEO) and the National Employment Survey (ENE).

Module 3: Capital accounts. Capital accounts for all countries require
information on GFCF in eight KLEMS assets: residential construction,
non-residential construction, machinery and equipment, transport
equipment, other equipment, computer equipment, telecommunica-
tions equipment, and software. The main sources of information for
Argentina were National Accounts, input–output matrix (IPM), the

Table 5.3 Classification by characteristics

Industries Agriculture, hunting, forestry, and fishing
Mining and quarrying
Total manufacturing
Electricity, gas, and water supply
Construction
Wholesale, retail trade, and hotels and restaurants
Transport and storage and communication
Finance, insurance, real estate, and business services
Community social and personal services

Gender Female
Male

Age range Aged 15–29
Aged 30–49
Aged 50 and over

Skilled range Low skilled
Medium skilled
High skilled
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Monthly Industrial Survey (EIM) and construction industry statistics
compiled by the INDEC.

Estimates for GFCF for Brazil are based on official data available for
298 domestic and imported products. Data for the construction of civil,
residential, and non-residential construction are based on the Annual
Survey of Construction Industry (PAIC). Because the data available are
not broken down by industry, the annual surveys of IBGE (PIAPAIC,
PAC and PAS) must be used, which contain information up to a three-
digit level about investment and production value. ChileanGFCF series
are constructed from data published by the Central Bank of Chile,
which provides disaggregated information on industry and assets.
Because the series are published with different reference base years it
is necessary to homogenize these series using growth rates. The
Colombian investment series correspond to three different base years,
1994, 2000, and 2005. The distribution of investment by economic
activity from 2000–2010 is based on the financial statements collected
by superintendents who oversee the various sectors of the economy, on
information from the General Accounting Office, on surveys of trade,
services, and industry produced by DANE, and on import records from
2003 to 2009. For the period 1990–1999 the investment series were
retropolated. For the capital accounts in Mexico data from
CBYSSCNM, particularly data on GFCF by type of economic activity,
were used for 2003–2009 (available at two-digit level of industry
classification). For the period 1990–2004 the information is available
at a one-digit level. These two datasets were homogenized to obtain
a series of 1990–2012.

5.3.1 ICT capital formation

National accounts today include investment series in computer and
telecommunications equipment, but this is only a recent change.
A particular case of ICT assets is software; information on it is scarce
as it is not usually estimated in Latin American countries, and it
requires a methodology in accordance with the standards lineaments
of the Organisation for Economic Cooperation and Development
(OECD) and Bureau of Economic Analysis (BEA).

For countries and periods where there are no official series, the assets
of telecommunications and computer equipment are estimatedwith the
“commodity flow method.” This method follows the product from
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origin or import to its final destination: production, consumption, or
investment. This method cannot be used for investment in software,
since this is not explicitly recorded in the input–output matrices of the
countries.

In order to transform current investment into real terms a number of
possible deflators are proposed, but given the availability of data, its
construction becomes complicated particularly when differentiating by
type of software. The alternative used here is the harmonized process as
described by Schreyer (2002), which allows the software series to be
deflated.

PSof t%country ¼
PGDP%country

PGDP%USA
Psof t%USA ð9Þ

Historical data for hardware and software in the countries analyzed
are scant, so backward projection is applied using their elasticity in
OECD countries (Vries de, Mulder, dal Borgo, and Hofman 2010).
The methodology used for the breakdown of the series is provided by
the System of National Accounts, which uses the acquisitions of new
and existing fixed assets in line with OECD and BEA methodologies.

5.4 Main trends

In Table 5.4 the five countries analyzed – Argentina, Brazil, Chile,
Colombia, and Mexico – are placed in a more general context, provid-
ing information for eighteen LA countries during the period
1990–2010. The main messages that can be drawn from this table are
as follows. First, there are very marked differences among the eighteen
countries. In 2010 GDP per capita was almost five times higher in
Chile, the highest, than in Nicaragua, the lowest. In terms of labor
productivity per hour worked the differences were of the same magni-
tude: in Chile, again the highest, it was almost five times that of Bolivia,
now the lowest. Second, the differences among the countries – as
measured by the three dispersion statistics appearing at the bottom of
the table – increased for both variables between 1990 and 2010. Third,
Brazil and Mexico are by far the two countries with the largest weight
in the sample, both in terms of GDP and of hours worked. In 2010GDP
in Brazil amounted to 36.5% of the GDP generated by the eighteen
countries, and 38.4% of the hours worked. In Mexico the correspond-
ing figures were 23.9% and 16.4%. Thus, those two countries alone
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Table 5.4 GDP per capita and labor productivity in Latin America, 1990–2010

Levels (2011 US$ PPP) Percentage structure

Annual growth rates
(percentage),
1990–20102

GDP per capita
Labor productivity
per hour worked GDP Hours worked

GDP per
capita

Labor
productivity
per hour21990 2010 19901 2010 1990 2010 1991 2010

Argentina 9,942 17,484 11.3 17.3 8.0 9.2 8.4 8.0 2.8 2.1

Bolivia 3,795 5,364 6.2 4.5 0.6 0.7 1.3 2.3 1.7 −1.6

Brazil 10,228 14,371 11.9 14.4 37.7 36.5 38.8 38.4 1.7 0.9

Chile 9,224 19,272 11.7 22.4 3.0 4.3 3.2 2.9 3.7 3.3

Colombia 7,729 10,806 7.0 10.9 6.3 6.5 11.2 9.0 1.7 2.4

Costa Rica 7,544 12,642 8.9 12.9 0.6 0.8 0.7 0.9 2.6 1.9

Ecuador 7,571 9,359 11.2 11.8 1.9 1.8 2.2 2.4 1.1 0.2

El Salvador 4,454 7,237 6.4 8.2 0.6 0.6 1.1 1.1 2.4 1.3

Guatemala 5,319 6,858 7.4 7.4 1.2 1.3 1.9 2.6 1.3 0.0

Honduras 3,205 4,271 6.2 4.7 0.4 0.4 0.9 1.4 1.4 −1.3
Mexico 12,680 15,944 17.6 22.1 26.7 23.9 18.4 16.4 1.1 1.1

Nicaragua 3,000 3,944 4.9 4.6 0.3 0.3 0.8 1.0 1.4 −0.4

Panama 7,054 14,111 11.1 17.5 0.4 0.7 0.5 0.6 3.5 2.3

Peru 5,518 10,433 11.2 13.5 3.0 4.0 3.4 4.4 3.2 0.9

Paraguay 6,045 7,009 7.1 6.9 0.6 0.6 1.0 1.3 0.7 −0.1

Dominican
Republic

5,086 10,686 7.3 13.3 0.9 1.4 1.5 1.6 3.7 3.1

Uruguay 9,454 16,208 11.6 16.4 0.7 0.7 0.7 0.7 2.7 1.7

Venezuela 14,539 16,539 22.0 18.9 7.1 6.3 4.0 5.0 0.6 −0.8

Standard deviation 3,116 4,670 4.2 5.6 9.9 9.3 9.3 8.9 1.0 1.4

Coefficient of
variation

0.42 0.42 0.42 0.44 1.78 1.68 1.67 1.60 0.47 1.48

Ratio max/min 4.8 4.9 4.5 4.9 123.3 122.3 81.5 65.9 5.8 −2.1

Total 18 countries 9,756 13,713 12.4 15.1 100.0 100.0 100.0 100.0 1.7 1.0

1 Total, Colombia and Dominican Republic, 1991.
2 Total, Colombia and Dominican Republic, 1991–2010.
Source: Elaborated by Aravena and Fuentes (2013) from data of ECLAC and International Labor Organization (ILO).
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represented 60.4% in terms of GDP and 54.8% of hours worked.
Fourth, in 2010 the five countries analyzed represented 80.4% of the
GDP of the area and 74.7% of the hours worked. Therefore, the five
LA-KLEMS countries cover a very high percentage of the Latin
America economy. Fifth, there were also striking differences in growth
rate of GDP per capita and labor productivity among countries, with
differences being higher than for labor productivity. For the average of
the eighteen countries, and the period 1990–2010, GDP per capita
annual rate of growth was 1.7%, and 1.0% for labor productivity.
The fastest growing countries – over 3% per year – were, in terms of
GDP per capita, Chile (3.7%), Dominican Republic (3.7%), Panama
(3.5%), and Peru (3.2%); and in terms of labor productivity Chile
(3.3%) and Dominican Republic (3.1%). The countries with the low-
est – below 1% – annual GDP per capita rate of growth were Paraguay
(0.7%) and Venezuela (0.6%), while five countries experienced nega-
tive labor productivity growth: Bolivia (–1.6%), Honduras (–1.3%),
Venezuela (–0.8%), Nicaragua (–0.4%), and Paraguay (–0.1%).

Figure 5.1 provides information for the annual rates of growth of
four key macro-economic variables for the five countries analyzed
using LA-KLEMS data. A general picture emerges: the high degree of
volatility throughout the 1990–2010 period. This volatility is higher
for GFCF, as expected, but it is also very marked in the other three
variables. However, GDP growth rates were consistently higher for the
five countries during the period from 2003 to 2008, a period character-
ized by the boom years of commodity prices, ending with the Great
Recession of 2008–2009 generated by the “sub-prime” crisis in the US.
Chile and Brazil showed a longer period of positive growth after 1999,
andMexico a somewhat shorter period, from 2003 to 2008. Argentina
presents the highest volatility of the five countries analyzed.

Thus, volatility is an important characteristic of growth patterns in
LA countries. In order to state its importance Table 5.5 displays the
standard deviation of the annual growth rates of the four variables
plotted in Figure 5.1. For the sake of comparison with other economies
it also considers five big European countries (France, Germany, Italy,
Spain, and the UK), the US and Japan. As can be seen in the table, the
standard deviation in the five LA countries is higher than in the rest of
the countries for GDP, labor productivity, andGFCF. In terms of hours
worked volatility is also very high in Spain, similar to Mexico and
higher than Brazil and Chile. Overall, Brazil is the LA country showing
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Figure 5.1 Growth rate of value added, employment, hours worked, labor
productivity, and GFCF, 1990–2010 (%)
Source: LA-KLEMS database, INEGI Mexico and own elaboration.
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the lowest levels of volatility – as measured by the standard deviation –

whereas Argentina and surprisingly Colombia present the highest
levels.

The high volatility ofmacro-economic variables has traditionally been
blamed on the price of commodities. What is known as the “natural
resources curse” or the “paradox of plenty” highlights the problems
faced by countries with rich endowments of natural non-renewable
resources such as minerals and fuels, and also agricultural products
like soya, which are highly dependent on their export markets.7

The main explanations for this curse include the decline in competitive-
ness of other economic sectors, caused by appreciation of the real
exchange rate as resource revenues enter an economy – a phenomenon
known as the Dutch disease – volatility of revenues from the natural
resource sector due to exposure to global commodity market swings, or
the lack of adequate financial regional institutions to cope with the
turbulences coming from outside (Machinea and Titelman 2007).

Table 5.5 GDP, hours worked, labor productivity, and GFCF: standard
deviation of the annual growth rates, 1990–2010

GDP Hours worked
Labor productivity
per hour worked GFCF

Argentina 5.7 4.8 4.3 18.9
Brazil 2.3 1.5 2.2 8.4
Chile 3.0 2.0 2.7 10.6
Colombia 2.4 5.0 6.5 16.0
Mexico 3.3 2.8 2.4 9.4
France 1.5 1.2 1.2 4.4
Germany 2.1 1.3 1.3 4.7
Italy 1.9 1.4 1.5 4.9
Spain 2.2 2.8 1.0 7.2
United Kingdom 2.3 1.7 1.7 6.4
Japan 2.1 1.4 1.1 3.4
United States 1.8 1.8 0.8 9.1

Source: Elaborated by Aravena and Fuentes (2013) from data of ECLAC and World
Labor Organization (WLO); The Conference Board (TCB), Eurostat, LA-KLEMS,
and OECD.

7 Auty (1994) appears to have coined the term “natural resources curse” and Sachs
and Wamer (1995) the “paradox of plenty.”
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The relation between volatility and growth has attracted a great deal
of research attention. The empirical evidence seems to support the
existence of a negative relation between the two. This is the case of
Ramey and Ramey (1995), who present evidence that countries with
highly volatile GDP grow at a lower rate, particularly so in a reduced
sample of OECD countries. Their results are largely confirmed in
Martin and Rogers (2000), who use European regional data and
a slightly different international sample. However, Imbs (2007) points
out that even though growth and volatility correlate negatively across
countries, they correlate positively across sectors. He argues that cross-
country estimates identify the detrimental effects of macro-economic
volatility on growth, but they cannot be used to dismiss theories
implying a positive growth–volatility coefficient, which appear to
hold in sectoral data since volatile sectors command high investment
rates.

The high volatility observed for LA countries should not hinder the
long-term perspective since, after all, it is long-run performance that
really matters for the wealth of nations. This is the perspective we take
in the rest of the chapter, which will concentrate on the main sources of
economic growth, namely, the contribution of capital, in terms of
quantity and asset composition; labor, also in terms of both quantity
and quality; and technological progress measured by the TFP, as
described in Section 5.2.

Latin American countries have traditionally been characterized by
low levels of investment in comparison with developed countries, and
with other emerging regions. In the 1990–2010 period the investment
effort (GFCF/value added) in Latin American countries was 19%,
while for developing countries in Asia this figure was 28% on average
(Figure 5.2a).8 Figure 5.2b shows the evolution of this variable during
the period analyzed for the five LA countries considered. Overall, like
the rest of the region, the five countries underwent a process of decreas-
ing their investment effort in the late nineties and early 2000s, partly
because of the Asian crisis of 1998–1999 and/or the slowdown in
2001–2002, but ending 2010 with a high investment effort.
Argentina and Brazil show the highest rates at 25.4% and 24.7%,
while the rest are around 23%.

8 The gap increases considerably when gross capital formation is used, with an
average for Latin America of 20% and 37% for East Asia and the Pacific.
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One of the advances of the database presented in this chapter is its
ability to calculate gross fixed capital formation by types of assets.
The LA-KLEMS database distinguishes between ICT capital – which
consolidates three assets: Office machinery and computer equipment,
Telecommunications equipment, and Software – and non-ICT capital.
Within the latter it distinguishes between Residential, Non-residential,
Transport equipment, and Other machinery GFCF. Table 5.6 reports
the share of each of these assets in total GFCF for 1990 and 2010 and
the average share for the 1990–2010 period.

As for other variables, there are important differences among coun-
tries. For the average of 1990–2010, Chile had the lowest share of ICT
investment over total GFCF (4.2%) and Brazil the highest (18.7%).

0

5

10

15

20

25

30

35
19

90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

Latin America

Latin American countries

Latin America vs East Asia and Pacific 

East Asia and Pacific

0

5

10

15

20

25

30

35

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

Argentina Brazil Chile Colombia Mexico

(a)

(b)

Figure 5.2 Investment effort (GFCF/VA), 1990–2010 (%)
Source: ELAC, WB, LA-KLEMS database, INEGI Mexico and own
elaboration.
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Table 5.6 Distribution of GFCF by type of assets, 1990–2010 (%)

ICT

Non-ICT

Total non-ICT Residential Other constructions Transport equipment
Other machinery and

equipment

1990 20101
1990–
20102 1990 20101

1990–
20102 1990 20101

1990–
20102 1990 20101

1990–
20102 1990 20101

1990–
20102 1990 20101

1990–
20102

Argentina 7.3 5.5 6.9 92.7 94.5 93.1 35.5 38.1 37.2 25.0 19.4 22.9 11.8 13.2 11.5 20.4 23.7 21.5
Brazil – 19.9 18.7 – 80.1 81.3 – 20.3 23.4 – 15.9 18.4 – 15.3 12.5 – 28.6 27.0
Chile – 8.6 4.2 100.0 91.4 95.8 21.6 15.8 21.5 36.0 39.5 38.0 9.5 7.2 8.0 32.9 29.0 28.2
Colombia 9.4 8.7 10.2 90.6 91.3 89.8 8.7 17.3 13.2 49.1 44.0 47.5 6.4 9.2 7.5 26.4 20.8 21.6
Mexico 5.8 7.6 6.7 94.2 92.4 93.3 24.6 28.7 28.0 29.0 31.8 30.2 12.2 8.4 10.6 28.5 23.5 24.5

1 Mexico 2009.
2 Brazil 1995–2010, Mexico 1990–2009.
Source: LA-KLEMS database and own elaboration.
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Within the non-ICT assets Residential and Other constructions repre-
sented the highest shares, over 55% in all countries except Brazil
(41.8%). Investment in Transport equipment ranges from 7.5% in
Colombia to 12.5% in Brazil, and Other machinery and equipment
represents around 20% to 30% in all countries.

The availability of ICT investment data allows us to observe the
evolution throughout the period of the ICT investment effort depicted
in Figure 5.3. In 1995, the first year shown for all countries, Brazil was
the leading country in share of ICT investment in VA (4%), doubling
that of Colombia (2%), the second country with the highest share.
Despite being last in the ratio ICT investment/VA in 1995 (0.3%),
Chile increased its participation faster than Argentina, Mexico, and
Colombia to become the second countrywith the highest share in 2010.

The composition of gross fixed capital formation by industry
(Table 5.7) in the period 1990–2010 for the five countries is relatively
homogeneous between Argentina and Brazil on one side and Chile,
Colombia, and Mexico on the other. The first group concentrates invest-
mentmore inManufacturingandCommunity social andpersonal services.
The rest of the countries center investment inManufacturing andMining,
and also invest more heavily inElectricity, gas, andwater. The percentage
of investment in Transport and communication industries is high in the
five countries, but especially in Argentina. Chile stands out for its high
share of Financial and business services, and Argentina for the relatively
high share in theAgriculture, hunting, forestry, and fishing sector.
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Figure 5.3 Investment effort in ICT (GFCF/VA), 1990–2010 (%)
Source: LA-KLEMS database, INEGI Mexico and own elaboration.
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Table 5.7 Distribution of GFCF by industry, 1990–2010 (%)

Argentina Brazil Chile Colombia Mexico

1990 2010
1990–
2010 1995 2010

1995–
2010 1990 2010

1990–
2010 1990 2010

1990–
2010 1990 2009

1990–
2009

Agriculture, hunting,
forestry, and fishing

6.6 9.4 9.3 7.4 6.9 7.6 10.3 3.6 6.2 8.0 3.9 5.7 5.9 4.6 5.8

Mining and quarrying 1.2 3.4 2.0 2.9 3.1 3.6 18.1 25.2 17.4 19.5 16.3 15.7 17.1 11.2 12.2
Total manufacturing 27.9 27.6 27.9 34.6 33.9 33.9 19.0 11.3 16.4 18.0 16.9 15.7 22.2 17.8 22.7
Electricity, gas, and water
supply

0.6 0.4 0.5 2.6 2.7 2.8 9.1 8.6 9.3 14.8 15.1 16.3 10.3 10.2 10.2

Construction 4.5 1.6 2.8 6.3 7.3 6.4 2.4 1.0 1.8 1.7 2.0 1.7 4.3 5.2 5.3
Wholesale, retail trade,
and hotels and
restaurants

14.4 11.8 13.8 6.3 5.6 5.8 6.5 8.1 7.9 3.6 6.6 5.0 5.7 10.5 8.0

Transport and storage
and communication

20.3 17.7 17.9 11.7 11.9 11.2 10.7 15.5 13.5 12.7 17.0 15.7 15.0 11.1 13.8

Finance, insurance, real
estate, and business
services

5.7 4.6 5.7 3.7 2.8 3.1 5.0 9.8 8.2 3.5 4.2 4.5 5.1 4.2 5.3

Community social and
personal services

18.9 23.5 20.0 24.6 25.8 25.6 19.0 16.9 19.4 18.2 18.0 19.7 14.4 25.3 16.5

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: LA-KLEMS database and own elaboration.
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Concerning the second source of growth, employment, in 1990 an
average worker in Colombia accumulated 2,505 hours worked
per year (Table 5.8), while in Chile, Argentina, and Mexico the hours
worked were 7%, 10%, and 16% lower, respectively. The average
hours per worker decreased over the years in all countries, except in
Mexico, in this last case probably due to changes in labor laws.
Between 1990 and 2010 Mexico showed an increase of 0.3%, from
40.7 hours a week on average in 1990 to 43.3 hours per week in 2010,
while in Argentina hours fell from 47.2 to 42.3 hours per week, and in
Chile from 45.1 to 40.3 hours per week.

The impact of labor on growth not only depends on the quantity of
labor used (people employed and hours worked), but also on its
quality. That is, labor contribution is also related to human capital
embodied in the labor force, characterized by level of education and
experience. Table 5.9 shows total employment broken down by level
of education (high, medium, and low) from 1990 to 2010. The first
thing that stands out is how in just twenty years, the workers’
educational levels in the five countries have risen significantly.
Argentina’s share of highly educated workers increased by more
than 18 percentage points; in Chile this share increased by more
than 15 percentage points, and in Brazil – in a shorter period – and
Colombia between 6 and 7 percentage points. Only in Mexico did
the percentage of highly educated employees fall, although the
increase in the share of employees with a medium level of education
increased notably (by 19 percentage points) and the share of low
educated employees fell sharply. The share of employment of less
educated workers also fell dramatically in all five countries.
However, in the medium segment three groups of countries can be

Table 5.8 Hours worked per year and per worker, 1990–2010

1990 1995 2000 20101

Argentina 2,261 2,189 2,179 1,980
Brazil – 2,212 2,158 2,068
Chile 2,347 2,354 2,300 2,098
Colombia 2,505 2,403 2,691 2,383
Mexico 2,118 2,156 2,160 2,244

1 Brazil and Mexico 2009.
Source: LA-KLEMS database and own elaboration.
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Table 5.9 Share of employment by levels of education, 1990–2010 (%)

High Medium Low

1990 19951 20002 20103 1990 19951 20002 20103 1990 19951 20002 20103

Argentina 18.0 21.2 23.9 36.5 37.3 41.6 41.1 39.3 44.7 37.2 35.0 24.1
Brazil – 7.4 8.4 14.3 – 29.5 34.8 47.3 – 63.1 56.8 38.4
Chile 12.6 20.2 22.9 28.2 56.2 54.3 57.6 47.7 31.1 25.5 19.5 24.1
Colombia 15.4 15.6 14.6 21.5 49.7 50.4 40.6 42.8 34.9 34.0 45.2 35.6
Mexico 12.2 12.2 12.1 11.5 27.6 31.7 34.6 46.7 60.2 56.1 53.3 41.8

1 Brazil 1996.
2 Colombia 2001.
3 Brazil and Mexico 2009.
Source: LA-KLEMS database and own elaboration.
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identified. On one side are Argentina and Colombia with a stable
share, then Brazil and Mexico where this segment is growing, and
finally Chile, where it decreased.

5.5 Growth accounting in Latin American countries:
LA-KLEMS results

This section uses the growth accounting methodology described in
Section 5.2 to analyze the patterns of growth of the five countries
included in the first version of the LA-KLEMS database. The growth
of value added in the period 1990–2010 in the five countries was on
average just over 3%, with Chile having the best performance (4.5%)
and at the other extreme Mexico showing the smallest growth rate,
1.8%. Figure 5.4 shows the decomposition of VA growth into its
sources for the period 1990–2010. The figure distinguishes between
labor contributions – in terms of both hours worked and quality,
capital (ICT and non-ICT contributions), and TFP. Total labor (the
sum of hours worked and labor composition) accounted for 1.8
(Mexico) and 2.7 (Chile) percentage points of the total observed
growth rate. In Brazil, labor explains a greater proportion of VA
growth, 2.9 percentage points of an observed value added growth of
2.6%, while in Argentina total capital (ICT and non-ICT) is more
important, with a contribution of 3.5 percentage points, substantially
higher than the contribution of total labor (1.2 percentage points).

–3
–2
–1

0
1
2
3
4
5
6

Argentina Brazil1 Chile Colombia2 Mexico3

Hours worked
Non-ICT capital

Labour composition
TFP

ICT capital
Value added

Figure 5.4 Value added growth determinants, 1990–2010 (% and contribution
to growth)
1 Brazil 1995–2009
2 Colombia 1991–2010
3 Mexico 1990–2009
Source: LA-KLEMS database and own elaboration.
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The contribution of hours worked is notable for its similarity across
countries, and is always positive and sizable. Brazil, Chile, and
Colombia show contributions slightly lower than 2 percent and
Argentina and Mexico around 1 percent (0.8 and 1.4 percentage
points, respectively). The contribution of changes in the composition
of employment by levels of education (quality effect) is also positive in
all countries. However, this contribution is less homogeneous across
countries than that of hours worked. On the one hand in Brazil and
Chile human capital explained one percentage point of the increase in
value added, but in Argentina, Colombia, andMexico it is less than half
a percentage point. Capital accounts for about 50% of VA growth in
Brazil (42%) and Chile (54%). This contribution is higher in Mexico
(62%), Argentina (88%), and Colombia (92%). In Brazil almost two-
thirds of the contribution of capital is explained by ICT assets, and non-
ICT capital one third. In Argentina, Chile, and Colombia, less than
a fifth of total capital contribution is due to ICT capital. InMexico, the
contribution of ICT assets lies at an intermediate point. A common
thread running through all five countries in the database is that the TFP
component is negative. Hence, the growth model of these Latin
American countries was based on the accumulation of factors of pro-
duction, both labor and capital – particularly non-ICT capital – and not
on the efficiency gains in the production process.

Table 5.10 presents the same growth accounting decomposition
at the industry level. The fastest growing industry in four countries,
and the second fastest in Colombia, was Transport and communica-
tions. The slowest growth was experienced in Manufacturing in Brazil
and Mining and quarrying in Colombia and Mexico. Community
social and personal services was the slowest growing sector in
Argentina and Mexico, whereas in Colombia it was Agriculture and
fishing. On average, the service industries grew at a higher rate than
primary and secondary industries, except in Brazil where the average
growth of Agriculture and fishing and Mining and quarrying was the
largest after Transport and communications.

Analyzing the contribution of capital as a source of growth in the
fastest growing industry, Transport and communications, it is impor-
tant to notice that total capital accumulation was above the average
contribution of capital in all countries, but only in Brazil and Colombia
did ICT and non-ICT asset accumulation go hand in hand, pointing to
growth based on technical progress incorporated in communication
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Table 5.10 Value added growth determinants by economic industry, 1990–2010 (% and contribution to growth)

Argentina (1990–2010) Value added Hours worked
Labor
composition ICT capital Non-ICT capital TFP

Total economy 3.9 0.8 0.4 0.7 2.8 −0.7
Agriculture and fishing 3.0 0.0 0.8 0.0 3.5 −1.5
Mining and quarrying 3.0 2.2 −0.4 0.2 10.6 −9.5
Manufacturing 3.5 0.0 0.4 0.5 3.1 −0.5
Electricity, gas, and water supply 5.3 −0.9 −0.3 0.9 3.9 1.7
Construction 5.6 2.1 0.5 0.2 1.3 1.5
Wholesale and retail trade; hotels
and restaurants

4.0 2.1 0.2 1.1 1.9 −1.3

Transport and communications 6.9 0.5 0.4 0.4 3.6 2.1
Finance, insurance, real estate, and
business services

4.2 0.8 0.1 1.6 3.9 −2.2

Community social and personal
services

2.9 1.0 0.8 0.4 0.5 0.3

Brazil (1995–2009) Value added Hours worked
Labor
composition ICT capital Non-ICT capital TFP

Total economy 2.6 1.9 1.0 0.8 0.4 −1.5
Agriculture and fishing 3.5 −0.6 1.0 0.3 0.6 2.2
Mining and quarrying 3.9 1.1 0.9 2.8 1.6 −2.4
Manufacturing 1.1 1.4 0.8 1.0 0.2 −2.3
Electricity, gas, and water supply 2.9 0.3 0.6 1.4 1.2 −0.7
Construction 2.0 2.3 0.8 0.2 0.8 −2.2
Wholesale and retail trade; hotels
and restaurants

2.5 2.4 1.1 0.2 0.1 −1.3

Transport and communications 4.0 1.4 0.7 1.2 0.7 0.1
Finance, insurance, real estate, and
business services

3.5 4.1 0.6 0.5 0.0 −1.8

Community social and personal
services

2.6 1.5 1.6 0.8 0.5 −1.8

Chile (1990–2010) Value added Hours worked
Labor
composition ICT capital Non-ICT capital TFP

Total economy 4.5 1.7 1.0 0.3 2.2 −0.6
Agriculture and fishing 4.3 −0.6 0.9 0.1 −0.7 4.6
Mining and quarrying 4.1 0.1 0.7 0.3 4.5 −1.5
Manufacturing 3.4 0.4 1.1 0.2 2.1 −0.4
Electricity, gas, and water supply 4.3 0.4 0.1 0.4 6.3 −2.8
Construction 4.2 3.0 1.1 0.1 0.4 −0.4
Wholesale and retail trade; hotels
and restaurants

6.0 2.1 1.1 0.3 1.1 1.4

Transport and communications 6.5 1.8 0.9 0.4 3.7 −0.2
Finance, insurance, real estate, and
business services

6.0 4.3 0.6 0.5 1.9 −1.4

Community social and personal
services

3.4 1.5 1.5 0.3 1.2 −1.0
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Table 5.10 (cont.)

Colombia (1991–2010) Value added Hours worked
Labor
composition ICT capital Non-ICT capital TFP

Total economy 3.2 1.6 0.4 0.5 2.5 −1.8
Agriculture and fishing 1.7 −1.3 −1.9 0.0 2.5 2.4
Mining and quarrying 4.0 1.3 0.1 0.7 9.4 −7.4
Manufacturing 2.0 0.7 1.0 0.1 3.1 −2.8
Electricity, gas, and water supply 3.0 −0.5 −0.9 0.0 10.4 −6.0
Construction 2.7 2.9 −1.0 0.0 1.4 −0.5
Wholesale and retail trade; hotels
and restaurants

2.6 2.6 1.8 0.3 1.4 −3.4

Transport and communications 4.6 1.9 1.8 4.1 3.4 −6.6
Finance, insurance, real estate, and
business services

3.4 3.7 1.4 0.3 1.1 −3.1

Community social and personal
services

5.0 −0.4 −1.1 0.1 1.7 4.7

Mexico (1990–2009) Value added Hours worked
Labor
composition ICT capital Non-ICT capital TFP

Total economy 1.8 1.4 0.4 0.4 0.7 −1.1
Agriculture and fishing 1.0 −0.1 0.3 0.1 −0.7 1.4
Mining and quarrying 0.4 −0.4 0.6 0.1 1.1 −1.0
Manufacturing 1.6 −0.1 0.4 0.2 1.0 –0.1
Electricity, gas, and water supply 2.9 0.3 0.1 0.2 1.0 1.4
Construction 1.6 2.3 1.0 0.4 1.3 −3.3
Wholesale and retail trade; hotels
and restaurants

1.6 2.1 0.9 0.6 0.8 −2.9

Transport and communications 3.9 1.1 0.9 0.3 1.1 0.5
Finance, insurance, real estate, and
business services

2.9 3.0 0.1 0.8 0.3 −1.3

Community social and personal
services

0.5 1.2 −0.2 0.2 0.7 −1.4

Source: LA-KLEMS database and own elaboration.
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equipment in these two countries. ICT capital also made a large con-
tribution in Brazil in other sectors, apart from the aforementioned
Transport and communications, such as Electricity, gas, and water
and Mining and quarrying. The latter two industries were also char-
acterized by strong VA growth. On the other hand,Manufacturing VA
growth in Brazil was noticeably low despite the robust contribution of
ICT capital due to the low non-ICT capital contribution.

The contribution to growth of total capital in Mining and quar-
rying was high in all countries, with the exception of Mexico. This
industry is also characterized by high VA growth. Agriculture grew
relatively quickly in Argentina, Brazil, and Chile but with small –
and in Chile even negative – contributions of capital. In Chile and
Colombia the VA growth rate of Electricity, gas, and water was
clearly less than the contribution of total non-ICT capital. In Chile
this is explained by a particular set of contingencies that have to do
with water availability for hydroelectric energy and cuts of gas
imports from Argentina, starting in 2004, representing a major
increase in costs for the gas and electricity industry. In Mexico the
contributions of ICT capital, and to a lesser extent non-ICT capital,
were important in Finance, insurance, and real estate or Wholesale
and retail trade and hotels.

The highest contributions of total labor (quantity and quality) to value
added growth are observed in Construction, especially the quantity
term, and in some service industries such as Commerce and Financial
services. In contrast, hours worked grew very little inManufacturing in
the five countries and even declined in Mexico. Quality of labor
improved across all industries and countries. Colombia, Argentina,
and Mexico showed negative contributions in a limited number of
industries. In Agriculture and fisheries hours worked contributed in
small measure – or even negatively – toVA growth, butwith an improve-
ment in the quality of labor. This means that in all five countries, as the
economy grew the labor force moved from the primary sector to other
sectors in the economies.

Interestingly, the results presented in Table 5.10 support the idea
mentioned above that in these Latin American countries there is
a problem in terms of total factor productivity, as in almost all the
sectors considered the TFP contribution is negative. This fact suggests
that the growth model of these countries in the last twenty years has
been based on the accumulation of productive factors (capital and
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labor) and on the improvements in human capital. They have failed to
use the improvements in productive efficiency brought by technical
progress as the engine of growth. However, it is important to note
that in the case of Transport and communications TFP is positive in
Argentina, Brazil, and Mexico.

Finally, it is interesting to note a negative correlation between TFP
and capital deepening, particularly when non-ICT capital is consid-
ered. That is, in the industries where TFP growth is lower, capital
made its greatest contribution to value added growth. This relation-
ship is particularly evident in theMining industry in Argentina, Brazil,
and Colombia, and Electricity, gas, and water in Chile and Colombia.
This could indicate that the problem of lower growth in value added
in the region’s countries was not driven by a lack of investment, but
basically by the allocation of this investment among sectors and
assets. In other words, this negative correlation might indicate the
existence of a problem of excess capacity due to a strong accumulation
of underutilized capital. The two sectors where this problem is most
evident usually need large amounts of capital – linked to specific pro-
jects – which require a minimum threshold. This might result in under-
utilization, at least at the beginning of setting up. Correcting the capital
figures to take into consideration the degree of capital utilization is an
alternative that was explored in the sixties by Jorgenson and Griliches
(1967, 1972) and questioned by Denison (1969, 1972) in a well-known
debate.

5.6 Structural change

This section aims to disentangle the performance of the five Latin
American countries over time into the effect of the changes in the
industry specialization (structural change) and the ones due to the
dynamic behavior within each industry. It therefore analyzes
whether the poor aggregated performance of LA countries, parti-
cularly in terms of TFP, is driven by the evolution of structural
change (specialization in less TFP growing industries) or by the
evolution within individual industries. To this end, the algebraic
shift-shares decomposition is proposed for a set of variables.
In the case of labor productivity (VAt / Lt) it will take the form
given by equation (10):
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where θjt is theweight of the hours worked (L) in sector j in total hours
worked in year t. The subscript 0 refers to the initial year, 1990.
The within component proxies the effect on the aggregated labor pro-
ductivity of the evolution of productivity on individual industries assum-
ing that the weight of each industry in total employment remains
constant at the initial year level.On the other hand, the structural change
component measures the changes in aggregated labor productivity asso-
ciated to the evolution of the rearrangement of labor across sectors,
assuming that industry labor productivity remains constant at the
initial year levels. Finally, the dynamic component measures the effect
on the aggregated labor productivity growth of the two joint effects.
That is, whether sectors whose productivity increases are those that also
gain weight in the economy by increasing their share in employment.

The shift-share decomposition is calculated for the five variables
included in the previous sections: labor productivity, ratios of total,
ICT and non-ICT per hour worked, and TFP. The calculations require
the availability of values of each variable. In the case of TFP the growth
accountingmethodology presented earlier can only calculate its growth
rate. Hence, levels of TFP – and not only growth rates – need to be
calculated. To this end Hulten and Schwab (1993) use a reference
country, or aggregation of countries, to obtain a transitive indicator
which allows comparisons across sectors, countries, and years.
The reference used here is the aggregation of the five Latin American
countries in the first year available for all of them (1995). TFP is
calculated according to the following expression:

lnTFPitk ¼ lnYitk% lnY0ð Þ %
X

j

1

2
sjitkþ sj0
! "

lnXjitk% lnXj0

! "

ð11Þ
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where i is sector; t year; and k country. Subscripts 0 refer to the values
of each variable in the total aggregated five Latin American economies
in 1995. Y is value added; sj, factor shares of labor – quantity and
quality – and capital – ICT and non-ICT;Xj, production factors (labor
quantity and quality, K ICT and K non-ICT). TFP is calculated as the
exp(lnTFP)*100 and takes the value 100 for aggregated Latin
American countries in 1995.

Table 5.11 presents the shift-share decomposition of the compound
growth rate into the within, the structural change and the dynamic
components for the five variables analyzed, namely labor productivity,
capital per hour worked – distinguishing between ICT and non-ICT
capital – and TFP.9

The main results of the shift-share analysis are the following. First, in
terms of labor productivity there is no one-size-fits-all explanation for the
evolution of labor productivity. In Argentina and Chile the main contri-
bution was the within component, meaning that the main source of
aggregated labor productivity growth is the evolution of productivity in
each sector. In Brazil the structural change component clearly dominated,
explaining 126% of aggregated labor productivity evolution.
In Colombia and Mexico both the within and structural change compo-
nents were quite significant, although the dynamic component shows that
there was a negative interaction between these two effects. The five coun-
tries partially reallocate their resources to more productive sectors in
relative terms (positive structural change component), but at the same
time to sectors where relative productivity gains during the period are
moremoderate (dynamic component). That is, these economies reallocate
their resources to sectorswhere labor productivity is growingmore slowly
than the rest. However, as the structural change component is greater
than the dynamic component, the final result is a reallocation of total
hours worked to sectors with higher productivity, except for Argentina
which reassigned to sectors with lower relative labor productivity.

In the case of the capital/labor ratio – total, non-ICT and ICT – and
TFP the picture is quite similar across countries. In all cases the main
determinant of the evolution is the within component. Hence, the
process of capital deepening in the five Latin American countries is

9 Labor productivity growth rates are different from those offered in Table 5.1
due to the different datasets used for the calculations: ECLAC and ILO
(Table 5.1) vs LA-KLEMS (Table 5.11).
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Table 5.11 Shift-share decomposition of the compound annual growth
rate, 1990–2010

Argentina Brazil Chile Colombia Mexico

Labor productivity
growth

2.28 0.57 2.90 2.19 0.47

Total variation 100.00 100.00 100.00 100.00 100.00
Within 107.31 18.34 87.41 68.43 69.19
Structural change 14.01 125.96 15.37 56.07 95.83
Dynamic component −21.32 −44.31 −2.79 −24.50 −65.03

Capital/labor ratio
growth

4.75 2.09 5.23 14.68 1.76

Total variation 100.00 100.00 100.00 100.00 100.00
Within 109.50 86.10 97.87 108.79 123.15
Structural change −0.63 15.40 −3.16 0.83 −7.13
Dynamic component −8.87 −1.50 5.29 −9.62 −16.02

Non-ICT capital/labor
growth

3.95 −0.31 4.59 14.85 1.10

Total variation 100.00 100.00 100.00 100.00 100.00
Within 112.75 143.35 100.13 112.60 149.90
Structural change −0.72 −108.16 −3.88 0.42 −13.98
Dynamic component −12.02 64.81 3.75 −13.02 −35.92

ICT capital/labor
growth

11.86 9.43 25.39 12.89 10.78

Total variation 100.00 100.00 100.00 100.00 100.00
Within 100.91 91.62 − 59.19 87.49
Structural change −0.41 3.48 − 6.22 2.01
Dynamic component −0.51 4.90 − 34.60 10.50

TFP growth −0.46 −1.23 −0.51 −2.35 −1.14
Total variation
explained

100.00 100.00 100.00 100.00 100.00

Within 43.93 102.96 100.34 116.20 102.68
Structural change −0.98 −12.86 −93.48 −117.14 −27.27
Dynamic component 57.05 9.89 93.15 100.94 24.59

Note:The initial and final values for Brazil are 1995 and 2009, for Colombia 1991 and
2010, and for Mexico 1990 and 2009.
Source: LA-KLEMS database and own elaboration.
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almost entirely explained by the increase of the stock of capital per hour
worked in every sector, and not by the reassignment of labor from the
less to the more capital intensive industries. The same picture emerges
regardless of whether we focus on ICT or non-ICT capital.
The dynamic component is small in all cases except for ICT capital in
Colombia, where is positive and relevant.

All five countries in the sample performed poorly in terms of TFP,
with highly negative growth rates between 1990 and 2010. The shift-
share decomposition complements this vision with the fact that this
performance is again basically driven by the within component.
In Brazil, Chile, Colombia, and Mexico what happened inside the
sectors, the within component, explains more than 100 percent of the
decrease in labor productivity. In all these countries the structural
change component is negative, and in some cases (Colombia and
Chile) is quite relevant. Given the fact that TFP growth is negative,
a negative structural component shows that the sluggish TFP observed
in all sectors of the economy has been offset to a certain extent by
a positive reassignment of labor from less to more total factor produc-
tive growing sectors. Furthermore productivity gains associated with
reallocation of factors (capital and labor) across sectors with higher
TFP growth, as measured by the dynamic component, are positive and
especially significant.

From the shift-share analysis, a common thread emerges in the five
large Latin American economies, namely the difficulties of increasing
TFP within the sectors. However, as Aravena et al. (2014) point out,
these results should be taken with caution as the level of disaggregation
is relevant. The LA-KLEMS database only offers disaggregation for
nine industries. More detailed information at industry level will be
useful to verify whether the results obtained for Mexico – for which
a very high level of industry disaggregation is available – are also shared
by the rest of the countries. For Mexico, the structural change compo-
nent increases sharply when moving from a nine-industry level of
disaggregation (27.5% of total) to thirty-one industries (32.4%) and
up to 45.8% when sixty-five industries are considered.

5.7 Concluding remarks

Economic growth in Latin America has been relatively low in the last
twenty years. This chapter seeks to identify factors that explain this
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performance through the use of growth accounting at the industry level
in five Latin American countries. To this end, a new database is pre-
sented: the LA-KLEMS database, the Latin American chapter of the
World-KLEMS Initiative. It is built under the framework of national
accounts, and is homogeneous with other KLEMS databases available
for otherworld regions. For themoment it only includes five countries –
Argentina, Brazil, Chile, Colombia, and Mexico – although more
countries are expected to be included in the near future. It is also
expected that most countries, if not all, will follow the example of
Mexico. Mexico KLEMS, produced by INEGI, includes a complete
industry-level productivity database that is integrated with the
Mexican national accounts and is updated annually within this
framework.

In this chapter we use the database to analyze the patterns of growth
of the five initial LA-KLEMS countries. It starts by placing the five
countries in a more general perspective, noting that these five countries
are highly representative of Latin America, since in 2010 they
accounted for 80.4% of GDP and 74.7% of the hours worked. Chile
(3.3%) was the fastest growing country in terms of labor productivity
of the eighteen countries for which information is available, followed
by the Dominican Republic (3.1%), Colombia (2.4%), Panama
(2.3%), and Argentina (2.1%). Growth performance in the two largest
countries in the sample was slower: 0.9% in Brazil and 1.1% in
Mexico. However, from the time perspective, the most noticeable fact
is the high volatility showed by the annual rates of growth of four main
variables: GDP, hours worked, labor productivity, and GFCF. This
volatility is higher than for more developed economies. It is especially
high in Argentina, while Brazil shows a more stable path.

The available evidence usually recognizes that volatility is not bene-
ficial for economic growth. Once this is recognized, the chapter adopts
a long-term perspective since, in the end, long-term growth is what is
relevant for societies’ wellbeing. Growth accounting methodology is
adopted, which allows the growth of GDP or labor productivity to be
decomposed into the contributions of capital, labor, and total factor
productivity. The evolution over time of the two factors of production
presented the following features throughout the period 1990–2010.

Regarding capital, the five LA countries’ investment effort was
lower than that observed in Asian countries with similar levels of
development. Most of the countries experienced a downturn in the
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GFCF/VA ratio by the late nineties and the beginning of the new
century, to recover by the end of the period. As for most countries,
investment is highly concentrated in real estate assets – Residential
and other constructions – followed by Other machinery and equip-
ment and Transport and equipment. One important feature of the
LA-KLEMS is the provision of information for the distribution of
GFCF by industry and information for ICT assets. Investment is
mainly directed to service sectors in general, which are non-
tradable and, in many cases, are regulated sectors. The fact that
investment is concentrated in protected or non-tradable and regu-
lated sectors implies that it has less potential for long-term growth
and that, in general, these sectors have less incentive to innovate
due to the lower competition. For ICT assets, the available infor-
mation points to important differences among the five countries,
with Brazil presenting the highest share and Chile the lowest.

From the labor perspective the most notable facts are the reduc-
tion of the hours worked in all countries except Mexico, and
improvements in workers’ educational attainment in all countries
without exception.

The most remarkable fact in the results from the growth accounting
perspective is the negative contribution of total factor productivity in
all countries and in almost all industries. Thus, Latin America – or at
least the countries analyzed – faces a genuine problem of productivity.
Almost all sectors of the economy, including those in which capital
contributes the most to the productive process, show negative TFP on
average during the last twenty years. This suggests there are problems
in the efficient functioning of these economies and in the lack of
capacity to achieve technical progress. It also points to the possibility
that they are facing a dual problem of low capital accumulation – at
least for their level of development – together with a misallocation
among the different industries.

The shift-share decomposition of TFP shows that these problems are
not specific to any particular sector, but, on the contrary, affect the
whole economy. The fact that the evolution of TFP in each sector – the
within component – is the most relevant factor to explain the growth of
aggregated productivity suggests that LA countries face a genuine pro-
blem of productivity. It is therefore important to identify the barriers
and obstacles that hinder the increase of the efficiency in the productive
sector. Of course there is also room for structural change, that is the
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reallocation of productive factors from low to high TFP sectors, in
these economies, but it should not divert the focus from the problem of
a lack of more general efficiency.

Appendix

Appendix Table 5.1 gives an overview of all variables including the LA-
KLEMS database, which are arranged into three groups: basic
variables, growth accounting variables, and additional variables.
The basic variables contain all the information needed to build the
various measures of productivity and are estimated at current and
constant prices; they are obtained from the national accounts of each
country. These series are constructed according to the theoretical
model of production described above. Finally, additional variables
were constructed for use in the calculation of growth accounting as
they are considered relatively important for ICT.

Appendix Table 5.1 Basic table

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

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

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

national currency)
COMP Compensation of employees (in millions of national

currency)
EMP Number of persons engaged (thousands)
EMPE Number of employees (thousands)
H_EMP Total hours worked by persons engaged (millions)
H_EMPE Total hours worked by employees (millions)
Prices
GO_P Gross output, price indices, 1995=100
II_P Intermediate inputs, price indices, 1995=100
VA_P Gross value added, price indices, 1995=100

Volumes
GO_QI Gross output, volume indices, 1995=100
II_QI Intermediate inputs, volume indices, 1995=100
VA_QI Gross value added, volume indices, 1995=100
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6 On China’s strategic move for a new
stage of development – a productivity
perspective
harry x. wu

6.1 Introduction

Despite a series of reforms over the past three decades, China’s
economic growth is still heavily government-engineered. However,
unlike in the planning period that relied on centralized, comprehensive,
and mandatory controls through state ownership, local governments
have been playing an important role in the reform era under a “regional
decentralized authoritarian” regime (Xu 2011). The driving force is
growth competition among localities. Since all efforts made by local
governments are indexed by the rate of local gross domestic product
(GDP) growth and assessed by upper authorities as political perfor-
mance, officials are highly motivated to engage in “growth tournament”
with their peers of other localities (Li and Zhou 2005). Consequently,
their restless search for new growth engines has resulted in increasing
government interventions in resource allocation and business decisions
(Huang 2012; Wu and Shea 2008; Xu 2011).

There have been several important investment waves in which local
governments played a very important role. China’s accession to the
World Trade Organization (WTO) at the end of 2001 found an outlet
for China’s huge surplus capacity of labor-intensive manufacturing
industries that was built up in the growth race between local govern-
ments to attract foreign direct investment (FDI) in the 1990s. Since the
early 2000s, led by coastal provinces, new growth contests began with
local urbanization and industrialization concentrating on heavy
machinery and chemicals (J. Wu 2008). Government dominance in
resource allocation was further enhanced in the wake of the global
financial crisis in 2008–2009 with a 4-trillion-yuan stimulus package
from the central government accompanied by 18-trillion-yuan projects
financed by local governments.
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The central authorities were caught in between two distinct policy
choices with one emphasizing the speed of growth and the other under-
lining the quality of growth. In the ninth “Five-Year Plan” (1996–
2000), convinced by the seriousness of resource misallocation and
structural distortion caused by such local governments-promoted
“extensive growth model,” the central government urged a strategic
shift to a “more balanced intensive growthmodel.”Nevertheless, in the
wake of rising unemployment due to the deepening reforms of state-
owned enterprises and the Asian financial crisis (1997–1998), the tenth
“Five-Year Plan” (2001–2005) stressed that “despite the need for the
restructuring of the economy a fast growth should be maintained,”
which in fact endorsed local governments-engineered ambitious urba-
nization and heavy industrialization projects (see J. Wu 2013).

Academics, economists of policy think tanks, and mainstream med-
ias have been divided in the debate over the importance of the speed of
growth and hence the role of government in promoting growth, though
both sides criticize repetitious industrial projects and widespread
“window-dressing constructions” across localities due to local govern-
ments’ heavy involvement in resource allocation. The new Xi-Li
administration since 2013 has appeared to be willing to allow the
market to play a fundamental role in resource allocation and transform
the Chinese economy from an input-driven to a more productivity and
innovation-led growth model in the next decade via deepening struc-
tural reforms albeit still emphasizing “the dominance of the public
ownership” and “the leadership of the state economy” (CPCCC 2013).

However, what has been missing in the debate is a proper analysis of
the sources of growth and productivity trends. The government’s heavy
involvement has (so far) successfully solved China’s growth problem,
but it remains unclear to what extent and in which sectors this has
taken its toll on the economy’s efficiency and productivity growth.
Ultimately, productivity improvements are the key to efficient and
sustainable long-run growth in any economy. Therefore, this policy
debate could benefit from an in-depth industry-level productivity
analysis, which we will provide in this chapter.

To analyze China’s productivity performance in the light of the role
of government, it is essential not only to find an appropriate methodo-
logical framework that is able to examine productivity performances of
individual industries and their contribution to the aggregate producti-
vity performance of the economy, but also to have industry production
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accounts that are constructed as coherent parts of the national input
and output accounts. This “industry perspective” is indispensible
because government interventions are often made through industry-
specific policies and “upstream” industries (those that deliver inter-
mediate goods and services, such as energy and telecommunications)
may affect downstream industries through the input-output linkages of
the economy.

The present study benefits from a newly constructed economy-wide
industry-level dataset that follows the KLEMS principles in data
construction.1 It is part of the ongoing China Industry Productivity
(CIP) Database Project. Methodology-wise, following Jorgenson, Ho
and Stiroh (2005a) this study adopts the Jorgensonian aggregate pro-
duction possibility frontier framework, incorporating Domar weights,
to account for contributions of individual industries to the growth of
aggregate inputs and output. This approach relaxes most of the restric-
tive assumptions of the widely used aggregate production function
approach in growth accounting that all industries are homogenous,
subject to the same value added function, and facing the same input and
output prices.

The rest of the chapter is organized as follows. Section 6.2 discusses
the role of government in the Chinese economy from an industry
perspective. Section 6.3 introduces the aggregate production possibility
frontier framework incorporating Domar weights for aggregation.
Section 6.4 briefly explains the features of the CIP database. This is
followed by Section 6.5 which reports and interprets the empirical
results. Finally, Section 6.6 concludes this study.

6.2 Productivity growth in sectors and the role of the
government

We are interested in how government involvement in resource allocation
has affected the productivity performance of the Chinese economy. This
is challenging because policy or institutional factor is not an inherent
part of the standard theory of production, hence difficult to measure.

1 KLEMS is used as an acronym for K(C)apital, Labor, Energy, Materials, and
Services that are used to produce any product. By the same token, the gross output
of an industry equals the total costs of “KLEMS” and the gross output of an
economy equals the sum of the costs of KLEMS of all industries. See O’Mahony
and Timmer (2009) for an introduction of the EU-KLEMS database.
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However, we will use the fact that government policy is industry-
specific and industries are connected through vertical input–output
links. Therefore, to explore the role of government we may consider
distinguishing industries subject to different types of government inter-
ventions, directly and indirectly through their use of output from other
regulated industries.

One important change since the reform is that government interven-
tions are no longer all-encompassing as in the central planning era that
completely ignored the market. They have, however, become more
industry-specific through either subsidization or administrative inter-
ference or some combination of both. Subsidies can bemade in direct or
indirect form. Indirect subsidies intend to reduce the producer cost of
inputs including energy, land, environment, labor, and capital (Huang
and Tao 2010). By contrast, direct subsidies come with administrative
interferences aiming to compensate for output losses. Administrative
interferences serve the state interests or government strategic plans by
controlling or influencing output prices and business operations
ranging from managerial personnel to the choice of technology.

Whether or to what extent the government uses administrative inter-
ference or different types of subsidization depends on the distance of an
industry from the final demand, especially the international market.
Indirect subsidies have been mainly used by local governments to
promote export-oriented manufacturers that make semi-finished and
finished goods. Most of these downstream industries are labor-
intensive and therefore crucial for China to timely reap its demographic
dividend. However, the government tends to directly get involved in
upstream industries such as energy and primary inputmaterials that are
deemed strategically important to support downstream industries.

Considering the behavior of enterprises in such a policy environment
and its implications for efficiency improvement and productivity
growth, we may conjecture that industries that are mainly supported
by indirect subsidies could be more efficient and productive than those
receiving direct subsidies for losses with administrative interferences.
In the former case, enterprises may still behave like true market com-
petitors although their competitiveness is arbitrarily enhanced.2

Upstream industries are traditionally dominated by state-owned

2 This is conditional on whether they can repeatedly negotiate for benefits
regardless of their true performance. Here we assume that this is not the case.
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enterprises and do not conform to China’s comparative advantage.
Their assumed “strategic importance” gives them strong bargaining
power in negotiating for government support. In return they have to
accept controls from the authorities. This distorts their behavior and
disincentivizes their effort for efficiency and innovation.

The nature of the government interventions and subsidies is a kind of
“cross subsidization.” The key to sustaining it is that downstream
industries must be able to grow faster and relatively more efficient
than upstream industries and the public revenues generated from
downstream industries must be able to cover direct subsidies.
However, the cost of negative externalities, i.e. the cost that cannot
be internalized due to subsidies, has to be borne by the public. On the
other hand, negative externalities also play a role in resource
misallocation.

To investigate the total factor productivity (TFP) performance of
industries, we categorize the thirty-seven industries in the CIP database
into eight groups (see Appendix Table 6.1). This grouping is guided by
our desire to study differences across industries that vary in the degree
of government intervention, either directly or indirectly.3 We first
divide twenty-four industries of the industrial sector into three groups,
namely “energy” including coalmining, petroleum, and utilities, “com-
modities and primary input materials (C&P)” such as basic metals,
chemicals, and building materials, and “semi-finished and finished
goods (SF&F)” such as wearing apparel, electrical equipment, and
machinery. C&P and SF&F in particular have been the key drivers of
China’s post-reform growth. According to their “distances” from the
final demand, the energy group is located upstream, followed by C&P
and SF&F being the closest to the final consumer market. The SF&F
group will thus as conjectured be most inclined to indirect effects of
government interventions in addition to any direct effect.

The non-industrial industries are divided into five groups though their
“location” of the production chain cannot be easily defined.Agricultural
sector not only serves the final demand but also provides intermediate
inputs to food processing and manufacturing industries and as such can
be an important channel for indirect policies. Construction also delivers

3 Strictly speaking, as suggested by Marcel Timmer, the effect of government
interventions or regulations on individual industries should be examined by some
policy proxies and its impact should be investigated through input–output table
analysis.
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both investment and consumer goods. Services are divided into three
groupswith Services I consisting of state-monopolized services of impor-
tant intermediate input industries such as financial intermediaries, trans-
portation, and telecommunication services; Services II covering the
rest of market services which are mainly final demand providers; and
Services III denoted by “non-market services” including government
administration, education, and health care.

This grouping aims to examine group-level productivity perfor-
mance that may be affected by different types and degrees of govern-
ment intervention. Taking the three industrial groups as examples, the
“energy” group is monopolized, if not completely owned, by large,
central government-owned enterprises due to its “strategic impor-
tance.” It can easily access public resources but subject to strong
administrative interferences. The C&P group is also considered impor-
tant for downstream industries and hence heavily influenced though
not completely owned by the government. Finally, the SF&F group
consists of all downstream industries including not only private enter-
prises and foreign invested enterprises, but also state-owned enterprises
particularly in heavy machinery industries. However, its competitive
nature makes it difficult for the government to directly interfere in
business decisions. On average, SF&F is more labor-intensive than
the other groups, hence more in line with China’s comparative advan-
tage. Therefore, we may conjecture that the productivity growth of
SF&F is faster than that of energy and C&P.

6.3 Measuring the sources of growth

The widely used aggregate production function approach to TFP ana-
lysis is implicitly subject to very stringent assumptions that for all
(underlying) industries “value-added functions exist and are identical
across industries up to a scalar multiple” and “the aggregation of
heterogeneous types of capital and labor must receive the same price
in each industry” (Jorgenson et al. 2005a). Given heavy government
interventions and institutional set-ups that cause market imperfections
in China, this approach is inappropriate for the growth accounting
exercise of the Chinese economy. This study adopts Jorgenson’s aggre-
gate production possibility frontier (APPF) framework instead, incor-
porating Domar weights to account for contributions of individual
industries to the growth of aggregate inputs and output.
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The APPF approach in growth accounting relaxes the strong
assumption that all industries are subject to the same value added
production function to account for the industry origin of aggregate
growth (Jorgenson 1966). The Domar-weighted aggregation was
introduced into the APPF framework in Jorgenson, Gollop, and
Fraumeni (1987) to exercise direct aggregation across industries to
account for the role of American industries in the changes of aggre-
gate inputs. It has been used in Jorgenson and Stiroh (2000),
Jorgenson (2001) and Jorgenson, Ho, and Stiroh (2005a, 2005b) to
quantify the role of information technology (IT)-producing and IT-
using industries in the US economy. This approach has become the
international standard and has also been applied to the Chinese
economy in Cao et al. (2009).

To illustrate this methodology, let us begin with a production
function where industry gross output is a function of capital, labor,
intermediate inputs, and technology indexed by time. We use indivi-
dual industries as building blocks which allow us to explicitly trace
the sources of the aggregate productivity growth and input accumula-
tion to the underlying industries. Focusing on an industry-level
production function given by equation (1), each industry, indexed
by j, purchases distinct intermediate inputs, capital and labor services
to produce a set of products:

Yj ¼ f jðKj;Lj;Mj;TÞ ð1Þ

where Y is output,K is an index of capital service flows, L is an index
of labor service flows and M is an index of intermediate inputs,
purchased from domestic industries and/or imported. Note that all
input variables are indexed by time but this is suppressed for nota-
tional convenience.

Under the assumptions of competitive factor markets, full input
utilization and constant returns to scale, the growth of output can be
expressed as the cost-weighted growth of inputs and technological
change, using the translog functional form:

D lnYj ¼ vKj D lnKj þ vLjtD lnLj þ vMj D lnMj þ vTj ð2Þ

where vKj , v
L
j and vMj are two-period averages of nominal weights of

input vKj ¼ PK
j Kj

PY
j Yj

, vLj ¼ PL
j Lj

PY
j Yj

and vMj ¼ PM
j Mj

PY
j Yj

, respectively. Note that under
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constant returns to scale vKj þ vLj þ vMj ¼ 1, which is controlled by
industry production accounts in nominal terms. Each element in the right-
hand side of equation (2) indicates the proportion of output growth
accounted for respectively by the growth of capital services (vKj D lnKj),

labor services (vLj D lnLj), intermediate materials (vMj D lnMj) and total

factor productivity (vTj ).
One of the advantages of equation (2) is that it can better account

for each input services by different types. For example, it can account
for labor services provided by different types of labor with specific
demographic, educational, and industrial attributes, as shown in
pioneering studies by Griliches (1960), Denison (1962) and
Jorgenson and Griliches (1967). It has relaxed the usual strong
assumption that treats numbers employed or hours worked as
a homogenous measure of labor input. The growth of total labor
input is thus defined as a Törnqvist quantity index of individual
labor types as follows:

D lnLj ¼
X

h
vh;jD lnHh;j ð3aÞ

where D lnHh;j indicates the growth of hours worked by each labor
type h (with specific gender, age, and educational attainment) and its
cost weights vh;j given by two-period average shares of each type in the
nominal value of labor compensation controlled by the labor income of
industry production accounts.

The same user-cost approach is also applied toK andM to account for
the contribution of different types of capital asset (Zk) and intermediate
input (Mm) in production with type-specific, two-period average cost
weight defined as vk;j and vm;j, respectively:

D lnKj ¼
X

k
vk;jD lnZk;j; and ð3bÞ

D lnMj ¼
X

m
vm;jD lnMm;j ð3cÞ

It should be noted that the equations from (2) through the whole set
of (3) also explicitly express the methodological framework for the
CIP industry-level data construction that is linked to and controlled
by the national production and income accounts. This point will be
discussed again when we discuss the data issues in the following
section.
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Using the value added concept, equation (2) can be rewritten as:

D lnYj ¼ vVj D lnVj þ vMj D lnMj ð4Þ

whereVj is the real value added in j and vVj is the nominal share of value
added in industry gross output.

By rearranging equations (2) and (4), we can obtain an expression for
the sources of industry value added growth (i.e. measured in terms of
input contributions):

D lnVj ¼
vKj
vVj

D lnKj þ
vLj
vVj

D lnLj þ
1

vVj
vTj ð5Þ

Growth of aggregate value added by the APPF approach is expressed
as weighted industry value added in a Törnqvist index:

D lnV ¼
X

j

wjD lnVj ð6Þ

wherewj is the share of industry value added in aggregate value added.
By combining equations (5) and (6), we can have a new expression of
aggregate value added growth by weighted contribution of industry
capital growth, industry labor growth and TFP growth:

D lnV≡
X

j

wjD lnVj ¼
X

j

wj

vKj
vVj

D lnKj þ wj

vLj
vVj

D lnLj þ wj
1

vVj
vTj

 !

ð7Þ

Through this new expression, we have introduced the well-known
Domar weights in our aggregation (Domar 1961), i.e. a ratio of each
industry’s share in total value added (wj) to the proportion of the
industry’s value added in its gross output (vVj ).

If we maintain the stringent assumption that capital and labor inputs
have the same marginal productivity in all industries we can define
aggregate TFP growth as:

vT≡
X

j

wjD lnVj % vKD lnK% vLD lnL ð8Þ

However, this assumption is not likely to hold, in particular in China,
as argued above. It is therefore interesting to look at the difference of
the two measurement approaches. By subtracting equation (7) from
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equation (8) and rearranging, we can show how the aggregate TFP
growth relates to the sources of TFP growth at the industry level and to
the effect of factor mobility across industries (Jorgenson et al. 2005a):

vT ¼
X

j

wj

vVj
vTj

 !

þ
X

j

wj

vKj
vVj

D lnKj % vKD lnK

 !

þ
X

j

wj

vLj
vVj

D lnLj % vLD lnL

 !

ð9Þ

in which the reallocation terms in the second and third brackets can be
simplified as:

vT ¼
X

j

wj

vVj
vTj þ ρK þ ρL ð9Þ

Equation (9) expresses the aggregate TFP growth in terms of three
sources: Domar-weighted industry TFP growth, reallocation of capital
and reallocation of labor across industries. This Domar weighting
scheme (wj=vVj ), originated by Domar (1961), plays a key role in the
direct aggregation across industries under the Jorgensonian growth
accounting framework. A direct consequence of the Domar-
aggregation is that the weights do not sum to unity, implying that
aggregate productivity growth amounts to more than the weighted
average of industry-level productivity growth (or less, if negative).
This reflects the fact that productivity change in the production of
intermediate inputs do not only have an “own” effect but in addition
they lead to reduced or increased prices in downstream industries, and
that effect accumulates through vertical links. As elaborated by Hulten
(1978), the Domar aggregation establishes a consistent link between
the industry level productivity growth and the aggregate productivity
growth. Productivity gains of the aggregate economy may exceed the
average productivity gains across industries because flows of intermedi-
ate inputs between industries contribute to aggregate productivity
by allowing productivity gains in successive industries to augment
one another. The same logic can explain productivity losses.

The next two terms reflect the impact on aggregate TFP growth of the
reallocation effect of capital (ρK) and labor (ρL) across industries,
respectively. Each of the reallocation term is obtained by subtracting
cost-weighted aggregate factor (capital or labor) input growth from the
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Domar-weighted input growth across industries. It should be noted
that both theoretically and methodologically, when these terms are not
negligible, it indicates that industries do not face the same factor costs,
which suggests a violation of the assumption of the widely used aggre-
gate approach. However, one should not expect a significant realloca-
tion effect in an economy where there is a well developed market
system. This is a very useful analytical tool for the Chinese case
where strong government interventions in resource allocation may
have caused severe market distortions.

6.4 Data issues and periodization

Data issues

This study has benefited from a newly constructed economy-wide,
industry-level dataset in the ongoing CIP Project. It is beyond the
scope of this study to go through a long history of separate database
studies.4 We refer the interested reader for details to three working
papers (Wu 2015;Wu and Ito 2015;Wu, Yue, andZhang 2015) aswell
as earlier versions of this work if one wants to trace the development of
data construction ideas (e.g. Wu 2008 and 2013a; Wu and Xu 2002;
Wu and Yue 2003, 2010, and 2012).

In the CIP Project the principles of industry data construction adhere
to the underlying theory and data constraints as expressed in equation
(2) and the set of equations (3a, 3b, and 3c). This implies that the
industry-level data are linked to and made consistent with the national
production and income accounts of China.

Some features of the CIP data should be noted. For the classification
of industries, we in principle adopt the 2002 version of the Chinese
Standard Industrial Classification (CSIC/2002) and reclassify the
economy into thirty-seven industries (see Appendix Table 6.1).
The reconstruction of the Chinese national accounts is based on differ-
ent versions of official national accounts compiled under the Material

4 The CIP project is based on Wu’s China Growth and Productivity Database
project, self-initiated in 1995 and heavily involved in AngusMaddison’s work on
China’s aggregate economic performance from 1912 andmanufacturing, mining,
and utility industries from 1949 (see Maddison 1998 and 2007; Maddison and
Wu 2008). The CIP project began in 2010 aiming to extend Wu’s earlier work to
all non-industrial sectors under the KLEMS framework.
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Product System (MPS) prior to 1992 and the United Nations System of
National Accounts (SNA) afterwards. China’s SNA input–output
accounts that are available for every five years since 1987 and a MPS
input–output table for 1981 that is converted to a SNA-type table, are
used to construct a time series of Chinese input–output accounts for the
period 1981–2010 (Wu and Ito 2015). It should be noted that in the
CIP project we do not challenge the official national accounts data
except for consistency adjustment. However, the widely discussed data
problems should be born in mind when interpreting the results.5

The nominal accounts are deflated by industry-level producer price
index (PPI), constructed using official PPIs for the agricultural and
industrial sectors and consumer price index (CPI) or its components
for service industries (Wu and Ito 2015). However, the work reported
in this chapter still uses the single deflation approach assuming changes
in input prices are the same as changes in output prices, similar to the
Chinese national accounts, rather than the double-deflation approach
which would be preferred, due to lack of price data.6

For the required labor data, following earlier studies byWu and Yue
(2003, 2010, and 2012) which analyzed the industrial sector only, CIP
has established economy-wide employment series (in both numbers of
workers employed and hours worked) and compensation matrices for
thirty-seven industries. Workers include both employees as well as self-
employed workers, which is important as a majority of workers in for
example agriculture and retail is still self-employed.Workers are cross-
classified by gender, seven age groups, and five educational levels (Wu
et al. 2015).

The construction of net capital stock at the industry-level proved to
be most challenging. CIP has constructed annual flows of investment

5 China’s official estimates of GDP growth have long been challenged for upward
bias (see Wu 2013 and 2014a for reviews). Alternative estimates have indeed
shown slower growth rates than the official estimates, which inevitably also have
level effects. The most affected sectors are identified as manufacturing and so-
called “non-material services” (including non-market services).Wu (2013) shows
that the official industrial output index has substantially moderated the impact of
all external shocks. Besides, Wu (2014a) also shows that the 5–6 percent annual
growth of labor productivity in “non-material services” based on official data
appears to be too fast to be true if considering the international norm in history
between –1 and +1 percent per annum (Griliches 1992; van Ark 1996).

6 See Wu and Ito (2015) for very preliminary growth estimates at industry level
using the double deflation approach, although our work on prices is still ongoing.
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for the industrial sectors using official gross stock data at historical
costs. But it has to adopt the official investment series estimates for the
non-industrial sectors. The results are yet to be reconciled with the
national accounts gross fixed capital formation data. Industry-specific
investment deflators are constructed using PPIs of investment goods
industries and nominal wage index of construction workers (Wu and
Xu 2002; Wu 2008 and 2015). Industry-specific depreciation rates are
estimated based on asset service lives and declining balance values used
in the US national accounts, following the approach developed by
Hulten and Wykoff (1981).

Periodization

To better examine the productivity impact of major policy regime shifts
on the Chinese economy, we divide the entire period 1980–2010
covered by the current version of the CIP data into four sub-periods,
namely 1980–1991, 1992–2001, 2002–2007, and 2008–2010. In most
cases, the empirical findings are reported in line with this periodization.
The first sub-period 1980–1991 is characterized by decollectivization
in agriculture and planning-market double track price reform with
more operational autonomy in the industrial sector. It ended with
rising inflation that triggered the 1989 Tiananmen political turmoil.

The second sub-period 1992–2001 began with Deng’s call for bolder
and deeper reforms in 1992 and the official adoption of the so-called
“socialist market economy” in 1993. Wider opening-up to western
technology and FDI drove a new wave of investment in export-
oriented manufacturing capacities. Meanwhile, due to deregulations
of private activities, new private firms absorbed a huge number of the
state industrial employees who lost their jobs in the state-owned enter-
prise reforms of the 1990s. However, it also resulted in overinvestment.
In the wake of the Asian financial crisis (1997–1998), which hit the
economy hard, China entered a four-year-long deflation period.7

The third sub-period 2002–2007 began with China’s WTO entry at
the end of 2001. It is characterised by counteracting forces. On one
hand, WTO-entry induced a further opening up to foreign trade and

7 China’s retail price index (RPI) declined from 380.8 in 1997 (1978=100) to 346.7
in 2003 and meanwhile producer price index (PPI) declined from 315.0 to 299.3
(NBS 2014, p. 123).
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direct investment. This directed the Chinese economy further towards
the market system. On the other hand, consolidated and enlarged state
corporations resurged in the name of protecting national interests in
a time of accelerating globalization. Meanwhile, growth-motivated
local governments were pressured to race for rapid urbanization and
heavy industrialization.

We separately identify the period from 2008 to 2010 as the last
sub-period, though rather short, to examine the aftermath of the
global financial crisis. The unprecedented fiscal stimulus package
from both the central and local governments substantially enhanced
the role of state-owned enterprises (SOEs). Separating this period
from others also helps examine differences in productivity perfor-
mance between state and non-state dominated industries at the time
of crisis.

6.5 Empirical results

Sources of gross output growth by industry group

We start with an examination of industry-level sources of growth as
reported in Table 6.1 for sub-periods and Figure 6.1 for indices based
on a gross output production function expressed in equation (2). This is
a necessary starting point because industries are building blocks of the
national economy and the originators of aggregate productivity
growth.

China’s agriculture achieved the best TFP performance of all groups.
It maintained a strong positive productivity growth throughout the
three decades and since the 2000s its TFP growth was the fastest
(Table 6.1). This was accompanied by a rapid decline in labor input
in the more recent periods: −2.4 percent per year in 2001–2007 and
−2.1 afterwards. In assessing agricultural performance, three factors
should be considered. First, although agriculture still received various
subsidies in the 2000s, unlike in the planning era it was no longer
subject to administrative controls. Second, we adopt the official
broad measure of labor compensation that defines the income of self-
employed (including all farmers) as “labor income” rather than “capital
income” as suggested by the SNA. Third, we are not yet able tomeasure
the contribution by land. Since we do not include rent-weighted land
growth as an input, which would be negative as more and more land is
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Table 6.1 Decomposition of gross output growth in China by industry Group

GO L K M TFP GO L K M TFP

1980–1991 1991–2001

Agriculture 6.7 0.8 1.0 2.8 2.2 7.3 0.6 0.7 3.5 2.4
Construction 7.4 2.0 0.6 5.1 −0.3 12.5 1.1 1.4 9.3 0.7
Energy 0.9 0.5 3.5 1.9 −5.0 7.0 −0.1 3.4 4.7 −1.0
C&P 7.9 0.4 2.4 5.9 −0.9 11.0 −0.1 1.4 8.0 1.6
SF&F 13.6 0.2 2.1 10.0 1.2 14.8 0.1 1.7 10.9 2.2
Services I 11.0 0.9 5.2 3.3 1.6 7.3 0.6 6.5 3.9 −3.7
Services II 11.0 1.5 2.7 5.4 1.4 9.9 1.5 6.0 4.7 −2.3
Services III 5.5 1.8 1.2 1.9 0.7 9.1 2.4 1.0 5.4 0.3

2001–2007 2007–2010

Agriculture 3.7 −2.4 0.8 1.4 3.9 4.6 −2.1 0.6 1.9 4.2
Construction 13.6 0.3 1.4 10.7 1.2 14.1 0.8 1.7 10.8 0.8
Energy 15.0 0.7 3.2 11.7 −0.5 2.4 0.4 2.6 1.5 −2.1
C&P 15.2 0.4 2.1 12.3 0.4 8.9 0.1 2.8 6.9 −0.9
SF&F 20.1 0.7 2.2 16.2 1.0 14.8 0.2 2.8 11.9 −0.1
Services I 13.5 1.1 4.9 6.7 0.8 10.0 1.2 6.1 4.2 −1.4
Services II 10.3 1.3 6.9 4.3 −2.2 12.8 0.5 8.1 5.9 −1.6
Services III 11.4 4.5 2.3 4.8 −0.2 10.0 6.4 2.2 4.9 −3.5

Source: Author’s calculation based equation (2) using CIP 2.2 data.
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taken out of agricultural production, while exaggerating the weight on
labor, the bias in TFP could be in either direction.

The SF&F and C&P groups are well-known as China’s growth
engines and the backbone of the “world factory.” Compared to
C&P, as discussed earlier, SF&F received much less direct government
interference due to its competitive nature and greater exposure to the
international market. We find that SF&F in general experienced faster
productivity growth than C&P. Before the global financial crisis,
despite significant increase in input materials both groups showed
positive TFP growth, except for C&P in the 1980s. Nonetheless, in
the wake of the crisis, both suffered from TFP decline but the case of
“C&P” was much worse than that of SF&F.

The performance of the “energy” group presents a sharp contrast to
the “SF&F” group. It experienced heavy TFP loss in the 1980s and
continuous TFP decline till the end of the period. Indeed, there
appeared to be a significant post-WTO improvement that substantially
slowed down TFP decline to −0.5 percent per annum compared to −5.0
in 1980–1991 and −1.0 in 1991–2007. However, the most recent post-
crisis period has made it worse again (−2.1). Figure 6.1 shows that in
level terms energy has never been able to resume its initial level of TFP
in 1980. This may not be a big surprise because this group consists of
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industries almost completely monopolized by SOEs and are subject to
heavy government interventions.8

We find that since the 1990s China’s construction industry has main-
tained positive though slow TFP growth which is not often seen in many
other economies. Most market services (I and II) show exceptional accel-
eration of TFP growth in the 1980s following deregulations after a long
period of suppressed service development under central planning. One
has to acknowledge though that these estimates are only preliminary:
overestimation of output and underestimation of output prices due to
political incentives of local governments lead to major measurement
problems that complicate productivity measurement in all Chinese ser-
vices industries (Wu 2014). Compared to Services II (market), there are
more state subsidies as well as administrative controls in Services
I (market monopolies) and III (non-market): these factors could be trans-
lated into different TFP growth rates but are not easy to disentangle.
Nevertheless, from the indices presented in Figure 6.1, we can see that
TFP in Services I and II has been declining since the late 1980s, whereas
Services III have experienced nearly zero TFP growth on average.

Sources of growth in the APPF framework

From the above analysis, we have seen that industries (groups) perform
very differently in the growth of factors and productivity over time.
In this sub-section we examine China’s aggregate TFP performance in
the APPF framework taking into account that industries (groups) may
have different value added functions. The results are summarized in
Table 6.2.

The Chinese economy achieved a real output growth of 9.16 percent
per annum in 1980–2010. The SF&F group was the top contributor
before the global financial crisis. It was followed by Services II (mar-
ket). In the wake of the crisis, SF&F was marginally overtaken by
Services II. On average over the entire period 1980–2010, agriculture,
C&P and Services I (statemonopoly) made similar contributions to real
output growth. The estimated aggregate TFP growth is 1.24 percent
per annum. However, the TFP performance was highly unstable over

8 Here I would like to acknowledge Mun S. Ho’s important comment that the
negative TFP may also indicate some data issues caused by conceptual problems
such as how to properly measure the depreciation of pipelines and exploration
costs, which may result in poor capital measurement.
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Table 6.2 Growth in aggregate value added and sources of growth in China

1980–1991 1991–2001 2001–2007 2007–2010 1980–2010

Industry contributions to value added growth
Value-added growth due to (%) 7.72 9.15 11.23 10.30 9.16
Agriculture 1.75 1.18 0.50 0.48 1.18
Construction 0.38 0.64 0.68 0.89 0.58
Energy −0.06 0.33 0.74 0.37 0.27
Commodities & primary
materials

0.90 1.49 1.57 1.21 1.26

Semi-Finished & finished goods 1.91 2.69 2.83 2.54 2.42
Services I (market) 0.93 0.66 1.61 1.36 1.02
Services II (market monopolies) 1.50 1.78 2.37 2.66 1.89
Services III (non-market) 0.39 0.37 0.94 0.80 0.53

Factor contributions to value added growth
Value-added growth due to (%) 7.72 9.15 11.23 10.30 9.16
Capital input: 4.95 6.11 8.49 10.57 6.61
Stock 4.94 6.18 8.56 10.55 6.64
Capital quality (composition) 0.01 −0.06 −0.07 0.02 –0.03

Labor input: 1.39 1.26 1.19 1.53 1.32
Hours 1.34 0.88 0.71 0.36 0.96
Labor quality (composition) 0.05 0.38 0.48 1.17 0.35

Aggregate TFP 1.39 1.79 1.57 −1.80 1.24

Source: Author’s estimates.
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time with the highest growth achieved in 1991–2001 and the worst in
2007–2010.9

Of the 9.16% annual output growth rate for the entire period, the
contribution of capital input was 6.61, labor input 1.32 and TFP 1.24.
This means that the Chinese economy relied for 72.5% of its real value
added growth on capital input, 14%on labor input, and 13.5%onTFP
growth. The contribution of capital input increased from 64% in the
1980s to 76% post-WTO and evenmore than 100% in the wake of the
global financial crisis. On the other hand, the contribution of labor
input declined from 18% in the 1980s to 11% post-WTO. This trend
reversed following the crisis and the contribution of labor input rose
back to 15%, largely attributed to quality improvement (11.4%) rather
than hours worked (3.4%). The contribution of the quality of capital
was insignificant on average.10

If these annual aggregate TFP growth rates are translated into an
index as shown in Figure 6.2, we observe a volatile TFP performance
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Figure 6.2 Index of aggregate total factor productivity in China

9 Appendix Table 6.2 reports the details for individual industries.
10 This might be due to the limited set of asset types (“structures” and

“equipment”) that is available in the current CIP database. If a distinction
between ICT and non-ICT assets could be made, a higher measured contribution
is to be expected, see Jorgenson and Vu (2013).

On China’s development 217

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.006
https://www.cambridge.org/core


around its underlying trend. The first TFP drive was clearly observed
in the early 1980s associated with China’s agricultural reform.
As a result the Chinese productivity performance stayed well above
the trend until its collapse following the 1989 political crisis. TFP
growth recovered in the early 1990s but this was short-lived. It began
to accelerate again from the late 1990s and exceeded the trend in the
early 2000s. China’s post-WTO period, nonetheless, only observed
the resurgence of TFP growth in 2006–2007 before its sharp drop in
the wake of the global financial crisis. The most recent significant
slowdown in the official GDP growth rate from above 10 percent to
around 7.5 percent per year in 2011–2013 seems to suggest that
China is facing serious challenges to turn productivity growth back
to positive again after 2010.

Table 6.3 presents the results of a decomposition of China’s aggre-
gate value added per hour worked into changes in capital deepening,
labor quality, and TFP. This enables us to separate the contribution of
hours worked from the contribution of genuine labor productivity
improvement and its sources. The Chinese economy benefited signifi-
cantly from the increase in hours worked as the so-called “demo-
graphic dividend.” This has, however, declined overtime as shown
in Table 6.3 from 2.83% per annum in 1980–1991 to 0.83% per
annum in 2007–2010. Although value added per hour worked
increased from 4.89% to 9.47% per annum, it appeared to be increas-
ingly relying on capital deepening from 3.46% to 10.10% per annum.
More importantly, the growth of TFP was not necessarily in line
with the pace of capital deepening if comparing the results for
2007–2010 with those for 2001–2007, suggesting misallocation of
resources that was likely caused by overinvestment, which will be
examined below.

The industry origin of aggregate TFP growth

In order to explicitly account for differences across industries and
their impact on China’s aggregate TFP performance we now intro-
duce Domar weights in the exercise, following the studies on the
US economy by Jorgenson et al. (2005a and 2005b). The results
presented in the first line of Table 6.4 are estimated with the
stringent assumption that marginal productivities of capital and
labor are the same across all industries, which are the same as
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Table 6.3 Decomposition of aggregate labor productivity growth in China

1980–1991 1991–2001 2001–2007 2007–2010 1980–2010

Growth rates
Value-added growth (APPF) 7.72 9.15 11.23 10.30 9.16

Value added per hour worked 4.89 7.40 9.67 9.47 7.14
Hours 2.83 1.75 1.57 0.83 2.02

Factor contributions
Value-added per hour worked 4.89 7.40 9.67 9.47 7.14

Capital deepening 3.46 5.23 7.62 10.10 5.55
Labor quality 0.05 0.38 0.48 1.17 0.35
TFP growth 1.39 1.79 1.57 −1.80 1.24

Source: Author’s estimates.
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Table 6.4 Domar-weighted TFP growth and reallocation effects in the Chinese economy

1980–1991 1991–2001 2001–2007 2007–2010 1980–2010

Aggregate TFP growth 1.39 1.79 1.57 −1.80 1.24
(1) Domar-weighted TFP growth 0.74 1.81 0.98 −2.31 0.84

Agriculture 0.99 0.75 0.82 0.76 0.85
Construction −0.05 0.12 0.29 0.22 0.10
Energy −0.76 −0.24 −0.33 −0.57 −0.48
Commodities and primary materials −0.50 0.77 0.21 −0.61 0.05
Semi-finished and finished goods 0.35 1.39 0.59 −0.27 0.68
Services I (market monopolies) 0.30 −0.58 0.55 −0.03 0.02
Services II (market) 0.36 −0.37 −0.76 −1.10 −0.25
Services III (non-market) 0.06 −0.03 −0.40 −0.71 −0.14

(2) Reallocation of K (ρK) 0.30 −0.03 −1.15 −0.30 −0.16
(3) Reallocation of L (ρL) 0.35 0.01 1.73 0.81 0.56

Source: Author’s estimates following equation (9).
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those presented in Table 6.2 and Table 6.3. As expressed in equa-
tion (9), using Domar weights the aggregate TFP growth rate can
be decomposed into three additive components, i.e. (1) the change
of Domar-weighted aggregate TFP; (2) the change of capital real-
location; and (3) the change of labor reallocation. Let us first focus
on the first component in Table 6.4 which is the most important
finding of the study.

On average, of the entire period 1980–2010, China’s TFP growth
estimated with Domar weights is 0.84% per annum, much slower than
the aggregate TFP growth of 1.24%, implying a net factor reallocation
effect of 0.40 which will be discussed later. Table 6.4 also shows the
contribution of each industrial group to the Domar-weighted annual
TFP growth (see Appendix Table 6.2 for the results of individual
industries). The highest contributor to the Domar-weighted aggregate
TFP growth was agriculture that contributed 0.85 percentage points
(ppts). The SF&F group also did rather well over time (0.68) and then
construction (0.10). The worst performer was the energy group
(−0.48), followed by Services II (−0.25) and Services III (−0.14). Such
a sharp contrast across industry groups in TFP performance can also be
observed over different sub-periods, which clearly suggests that treat-
ing individual industries homogenous in the growth accounting can
substantially distort our view of the productivity performance of the
Chinese economy.

A closer examination through sub-periods with the background of
policy regime shifts may shed important light on the role of the govern-
ment. The agricultural sector benefited most from reforms in the 1980s
especially the decollectivization in farming and deregulations on town-
ship and village enterprises. It contributed 0.99 ppts to the Domar-
weighted TFP growth at 0.74% per annum. Even in the latest period
that was affected by the global financial crisis it was still the most
important contributor (0.76 ppts) to the Domar-weighted TFP growth
(−2.31% per annum), which might come as a surprise. While its share
in nominal GDP was declining over time (see Table 6.2), its contribu-
tion to the Domar-weighted TFP growth remained high throughout the
period. This is suggestive of a process in which the agricultural sector is
still releasing capital (including land) and labor that have a marginal
productivity below the sector’s average. By shedding these “surplus”
factors, the average productivity with which factors are used is still
growing. But clearly this cannot be a long-run source of growth as this
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structural shift is temporary. Future growth must come from the
manufacturing and services sectors.11

The period 1991–2001 experienced the most rapid TFP growth at
1.81% per annum by Domar weights albeit the impact of the Asian
financial crisis (1997–1998) and the subsequent deflation period
(1998–2003; see footnote 7). The SF&F group was the most impor-
tant contributor (1.39 ppts), followed by the C&P group (0.77),
thanks to unprecedented state sector reforms and opening up to
foreign trade and direct investment, which allowed the market to
play a significant role in resource allocation. The productivity perfor-
mance of the construction industry also turned positive for the first
time (0.12 ppts) and even the productivity decline of the energy group
substantially slowed down to –0.24 from –0.76 in the previous period
(1980–1991).

Nevertheless, we find that China’s accession to the WTO at the end
of 2001 was accompanied by a slowdown rather than an acceleration
of TFP growthwhich was 0.98%per annum in 2001–2007, only about
the half of the rate of 1.81 achieved in 1991–2001. This puzzling result
may support observed increasing interventions by local governments
throughout the 2000s aiming to promote local urbanization and heavy
industrialization (J. Wu 2008). Table 6.4 shows that in 2001–2007
while the contribution of SF&F (0.59) and C&P (0.21) to TFP growth
was considerably reduced, the contribution of related industries in
particular construction (0.29) and state monopolized Services
I (transportation, telecommunications, and financial services) (0.55)
significantly increased.

In the wake of the global financial crisis, despite a 4-trillion-yuan
stimulus package from the central government that was further accom-
panied by 18-trillion-yuan projects financed by local governments,
China’s TFP growth turned to negative, declining considerably by –

2.31 percent per year in 2007−2010. Since most of the projects con-
centrated on infrastructural development, construction continued to
enjoy a positive TFP growth (0.22). Perhaps for the same reason,
Services I was the least suffered (–0.03) among those suffering from
productivity decline. However, the most recent development shows

11 I am indebted to Marcel Timmer for the discussion of the role of Chinese
agriculture in the productivity performance of the aggregate economy.
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that while the effect of the unprecedented government injection on
growth has quickly abated after 2010, there are increasing signs indi-
cating that China’s surplus capacity in manufacturing is worsening and
may take many years to solve.

The effect of factor reallocation

The slower Domar-weighted TFP growth (0.84) compared to the
aggregate TFP growth (1.24) implies that about 70% of the aggre-
gate TFP growth is attributable to the productivity performances of
individual industries while 30% to the reallocation of capital and
labor. Following equation (9), in Table 6.4 we show that this effect
consists of a positive labor reallocation effect (ρL) of 0.56 percentage
points and a negative capital reallocation effect (ρK) of –0.16 per-
centage points.

It should be noted that such a magnitude of reallocation effect is
typically not observed in market economies. Based on their empirical
work on the US economy in 1977–2000, Jorgenson et al. (2005a)
showed that first, the reallocation effect was generally negligible
and second, if it was non-negligible for some sub-periods, the capital
and labor reallocation effects generally moved in opposite direc-
tions. Jorgenson et al. (1987) also reported the reallocation of
capital that was typically positive and the reallocation of labor that
was typically negative for the US economy for the period
1948–1979. This is because capital grew more rapidly in industries
with high capital service prices, hence high returns on capital,
whereas labor grew relatively slowly in industries with high mar-
ginal compensation.

In the case of China, the large magnitude and unexpected sign of
capital and labor reallocation effects have two important implications.
First, individual industries indeed face significantly different marginal
factor productivities suggesting that there are barriers to factor mobi-
lity which cause misallocation of resources in the economy. The flip-
side of this finding is that corrections to the distortions can potentially
be productivity-enhancing, which is good news in terms of much talked
about and long awaited structural reforms.

We find that the effect of labor reallocation remained generally
positive over time. This suggests that labor market was much less
distorted than the capital market benefitting from increasing labor
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mobility along with reforms. Notably, the post-WTO period experi-
enced the most significant gain from labor reallocation (1.73 in
2001–2007) which could be driven by the rapid expansion of export-
oriented, labor-intensive industries that was in line with China’s com-
parative advantage. Besides, the effect of labor reallocation was also
strong in the wake of the global financial crisis (0.81 in 2007–2010)
reflecting that labor responded more quickly to the changes of market
conditions.

The case of capital reallocation is different. The early reform period
was the only period that saw a positive effect of capital reallocation
(0.30 percentage points in 1980–1991) due to partial removal of dis-
tortions inherited from the central planning period. However, the effect
of capital reallocation turned negative substantially following China’s
WTO entry in 2001–2007 (–1.15 percentage points) because of the
enhanced role of the government that supported the state sector resur-
ging in upstream industries. During the global financial crisis period, it
remained negative but less so than before (–0.30) despite unprece-
dented fiscal injection benefitting mainly state-owned enterprises and
state-controlled industries.

6.6 Concluding remarks

Using the newly constructed CIP database, this study adopts the aggre-
gate production possibility frontier approach in the Jorgensonian
growth accounting framework incorporated with the Domar aggrega-
tion approach to examine the sources of growth in the Chinese economy
for the reform period 1980–2010. This approach provides a highly
appropriate analytical tool for investigating the industry origin of
aggregate productivity and the effect of resource reallocation across
industries in the Chinese economy.

Our preliminary results show that China achieved a TFP growth of
0.84% per annum for the entire period 1980–2010. This means that
compared to an industry-weighted value added growth of 9.16% per
annum, TFP growth accounted for about 9.2% of the average GDP
growth. This is a result that is much smaller than all previous produc-
tivity studies on the Chinese economy based on the aggregate
approach, e.g. about 40% contribution by Bosworth and Collins
(2008) and by Perkins and Rawski (2008). However, compared to
the only work in the literature that applied the same approach for the
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period 1982–2000 by Cao et al. (2009), our finding of 0.84% is only
about one-third of their result of 2.51%. The differences in data con-
struction and measurements, classification, and coverage could be the
main reason, e.g. we have eleven service sectors instead of one as in
Cao et al.

At the industry group level, as conjectured, we do find that, in
general, industries less prone to government intervention, such as
agriculture and the SF&F manufactures, tended to have higher TFP
growth rates than those industries subject to direct government inter-
ventions, such as the energy group. The fact that the SF&F group
maintained a positive TFP growth while the energy group experiencing
persistent TFP decline suggests the existence of “cross-subsidization”
between upstream and downstream industries inwhich the government
plays different roles to serve its strategy.

We also found strong effects of factor input reallocation across
industries which significantly address the key issue of resource
misallocation in the ongoing policy debate. This large magnitude
of the reallocation effect on the one hand reflects barriers to factor
mobility in the economy and on the other hand also suggests poten-
tial gain from market-driven reallocation. Institutional deficiencies
in the Chinese economy that allow the government at all levels to
intervene resource allocation at their discretion are responsible for
resource misallocation. Therefore, disentangling government from
business and allowing market to correct the cost structure of indus-
tries is the key to solving China’s “structural problems.” Indeed,
“restructuring” for healthy and sustainable growth is the most
crucial and challenging pillar of the Liconomics. Nevertheless,
there is no such thing as the “right structure” without allowing
more market-based resource allocation.

The present work is more sophisticated in data and methodology
than studies so far. Nevertheless further work needs to be done to
address some limitations. The top priority of the CIP/China KLEMS
data construction work is to improve measures on China’s factor
income by identifying the contribution of land and accordingly adjust-
ing capital and labor compensation in the national accounts. This will
improve in particular our measure of agricultural TFP.

Second, we need to reconstruct the time series of the input–output
accounts using the forthcoming Chinese input–output table for 2012
and strictly integrate the present analysis in an input–output
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framework. In principle this will also allow for a truly double-deflation
of value added if more price series become available. Double deflation
is important to correctly identify the sources of productivity growth
(see Triplett 1996). While it will not change the estimate of aggregate
TFP, it might change the industry sources. In particular, when we want
to consider the knock-on effects of regulations and government inter-
ventions in upstream industries on downstream industries this becomes
an important issue.

Last but not least, we also need to improve our measure of capital
stock by reconciling industry accounts with national accounts and by
decomposing equipment into ICT and non-ICT equipment such that
a better measure of capital input will be derived. With the increasing
upgrading of the Chinese economy and diffusion of ICT technologies,
capital input is likely to grow faster than is measured now. Given that
our current data is already suggesting severe overinvestment in the
Chinese economy with capital input growth being responsible for all
output growth since 2008, more accurate accounting for capital input
will not only further improve our understanding of China’s productiv-
ity performance but also better address the policy dilemma in facing
increasing surplus capacity in production but weakening capacity in
consumption.

Appendix

Appendix Table 6.1 CIP/China KLEMS industrial classification and code

CIP
code

EU-KLEMS
code Grouping Industry

1 AtB Agriculture Agriculture, forestry, animal
husbandry, fishery

AGR

2 10 Energy Coal mining CLM
3 11 Energy Oil and gas excavation PTM
4 13 C&P Metal mining MEM
5 14 C&P Non-metallic minerals mining NMM
6 15 Finished Food and kindred products F&B
7 16 Finished Tobacco products TBC
8 17 C&P Textile mill products TEX
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Appendix Table 6.1 (cont.)

CIP
code

EU-KLEMS
code Grouping Industry

9 18 Finished Apparel and other textile
products

WEA

10 19 Finished Leather and leather products LEA
11 20 SF&F Saw mill products, furniture,

fixtures
W&F

12 21t22 C&P Paper products, printing,
publishing

P&P

13 23 Energy Petroleum and coal products PET
14 24 C&P Chemicals and allied products CHE
15 25 SF&F Rubber and plastics products R&P
16 26 C&P Stone, clay, and glass products BUI
17 27t28 C&P Primary and fabricated metal

industries
MET

18 27t28 SF&F Metal products (excluding
rolling products)

MEP

19 29 Semi-finished Industrial machinery and
equipment

MCH

20 31 SF&F Electric equipment ELE
21 32 SF&F Electronic and

telecommunication
equipment

ICT

22 30t33 SF&F Instruments and office
equipment

INS

23 34t35 Finished Motor vehicles and other
transportation equipment

TRS

24 36t37 Finished Miscellaneous manufacturing
industries

OTH

25 E Energy Power, steam, gas, and tap
water supply

UTL

26 F Construction Construction CON
27 G Services II Wholesale and retail trades SAL
28 H Services II Hotels and restaurants HOT
29 I Services I Transport, storage, and post

services
T&S

30 71t74 Services I Telecommunication and post P&T
31 J Services I Financial intermediations FIN
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Appendix Table 6.2 Industry contributions to value added and total
factor productivity growth

Value-added Total factor productivity

VA
weight

VA
growth

Contribution
to aggregate
VA growth

Domar
weight

TFP
growth

Contribution
to aggregate
TFP growth

AGR 0.204 5.42 1.18 0.319 2.83 0.85
CLM 0.016 7.21 0.11 0.031 1.03 0.02
PTM 0.018 −3.07 −0.05 0.026 −10.20 −0.26
MEM 0.005 10.66 0.06 0.013 1.59 0.02
NMM 0.006 9.35 0.05 0.012 2.15 0.03
F&B 0.027 10.89 0.29 0.121 0.25 0.03
TBC 0.012 8.07 0.09 0.018 −4.97 −0.11
TEX 0.027 7.84 0.21 0.113 −0.02 −0.03
WEA 0.009 12.74 0.11 0.034 0.64 0.03
LEA 0.004 11.48 0.05 0.019 0.39 0.01
W&F 0.007 12.83 0.09 0.024 1.22 0.03

Appendix Table 6.1 (cont.)

CIP
code

EU-KLEMS
code Grouping Industry

32 K Services II Real estate services REA
33 71t74 Services II Leasing, technical, science, and

business services
BUS

34 L Services III Public administration and
defense

ADM

35 M Services III Education services EDU
36 N Services III Health and social security

services
HEA

37 O&P Services II Other services SER

Source: See the text.
Note: This is based on Wu’s series of works to reclassify official statistics reported
under different CSIC systems adopted in CSIC/1972, CSIC/1985 and CSIC/1994 (see
Wu and Yue 2012;Wu and Ito 2015). The current Chinese classification system CSIC/
2011 largely conforms to the two-digit level industries of the ISIC (Rev. 4) and can be
reconciled with the EU-KLEMS system of classification (see Timmer et al., 2007).
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Appendix Table 6.2 (cont.)

Value-added Total factor productivity

VA
weight

VA
growth

Contribution
to aggregate
VA growth

Domar
weight

TFP
growth

Contribution
to aggregate
TFP growth

P&P 0.011 10.26 0.12 0.038 0.42 0.02
PET 0.011 1.10 0.00 0.043 −3.88 −0.13
CHE 0.036 10.27 0.37 0.131 0.39 0.05
R&P 0.012 12.56 0.15 0.048 0.61 0.03
BUI 0.025 9.46 0.23 0.073 0.47 0.05
MET 0.031 7.38 0.22 0.128 −0.58 −0.08
MEP 0.012 12.03 0.15 0.049 0.99 0.04
MCH 0.035 11.03 0.39 0.116 1.78 0.19
ELE 0.015 14.82 0.21 0.062 1.09 0.05
ICT 0.016 24.87 0.36 0.075 3.17 0.13
INS 0.003 14.07 0.04 0.010 1.88 0.02
TRS 0.018 15.78 0.30 0.073 1.86 0.13
OTH 0.014 13.10 0.19 0.040 1.95 0.11
UTL 0.027 7.06 0.20 0.103 −1.23 −0.11
CON 0.054 10.60 0.58 0.206 0.44 0.10
SAL 0.077 12.15 0.89 0.143 2.00 0.22
HOT 0.019 11.88 0.22 0.053 −0.36 −0.02
T&S 0.052 8.61 0.45 0.100 −1.05 −0.10
P&T 0.012 15.15 0.18 0.021 4.03 0.07
FIN 0.040 11.35 0.39 0.059 2.57 0.05
REA 0.038 9.22 0.33 0.052 −8.03 −0.44
BUS 0.022 10.95 0.27 0.051 1.09 0.00
ADM 0.032 11.02 0.36 0.061 0.33 −0.01
EDU 0.025 3.71 0.10 0.043 −2.31 −0.09
HEA 0.011 6.02 0.07 0.031 −1.10 −0.04
SER 0.016 9.82 0.18 0.035 −1.29 −0.01
Sum 1.000 9.16 2.575 0.84

Source: Author’s calculations.
Notes: See Appendix Table 6.1 for industry abbreviation. Value added and TFP
growth rates are annualized raw growth rates in percent. Industry contribution to VA
and TFP growth is weighted growth rate in percentage points. See equation (9) for
Domar aggregation.
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7 Productivity growth in India under
different policy regimes
deb kusum das, abdul a. erumban,
suresh aggarwal, and sreerupa
sengupta

7.1 Introduction

Following the substantial liberal market reforms, the Indian economy
has been growing at a spectacular rate in the last decade and this
has attracted much attention in the literature (e.g. Bhagwati and
Panagariya 2013; Eichengreen et al. 2010; Panagariya 2008;
Bosworth and Collins 2008).1 In 1991, when India started liberalizing
the economy, its size was only 3% of global gross domestic product
(GDP), while in 2013 it was almost double at 6% (The Conference
Board 2014), definitely suggesting a faster growth compared to most
other emerging economies, except China. The Indian economy grew
at an average annual rate of 7% since 1996 for a period of fifteen
years, with little deviation from the mean growth rate. Even when the
global economy was suffering from recession in 2008 and 2009, the
Indian economy grew at about 6–8%, although the rate of growth
slowed down significantly to an average of 5% after 2012.2

1 This chapter is from a paper presented at the 3rd world KLEMS conference held
in Tokyo, Japan on May 16–17, 2014, organized by REITI (Japan). The authors
would like to thank REITI for travel and other support for Deb Kusum Das and
Suresh Aggarwal, and all conference participants especially Barbara Fraumeni
and Harry Wu for useful comments. Detailed comments by Marcel Timmer and
Dale Jorgenson on the first draft are also acknowledged. The authors thank
K. L. Krishna and B. N. Goldar for advisory support in discussions relating to the
construction of India KLEMS dataset. Financial support from Reserve Bank of
India in building the India KLEMS dataset is gratefully acknowledged. The usual
disclaimers apply.

2 The recent set-backs, particularly after 2012, are sometimes attributed partly to
the global financial crisis (Mohan and Kapur 2015). However, multiple factors
played a substantial role in dragging down India’s growth. These include both
internal and external factors including soaring inflation, increased fiscal and
current account deficit, and a weakening of Indian Rupee.
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Concerns, however, have been raised about the underlying dynamics
of the Indian growth process, in particular whether growth is trickling
down to reduce poverty and inequality and whether fast growth can be
sustained in the longer term. In particular the question of sustainability,
which has been raised in the past in the context of East Asian economies
as well, gains importance, as economic growth in emerging economies
are often driven heavily by capital accumulation, which owing to
diminishing returns would stall the long-term growth momentum.
For instance, China has been able to maintain high growth rates by
consistently high investment rates over the past decades but is already
experiencing a slowdown in its economic growth (see for instance
Dorrucci et al. 2013). For India, given its still unexploited demographic
dividend and underdeveloped infrastructure, potential for investment-
driven growth might still be existing, though productivity growth will
remain the most important source for sustaining the return over capital
in the longer term.

An important factor that is argued to play a significant role in
enhancing productivity growth is appropriate policy atmosphere.
Trade and investment liberalization are often considered to be major
policy aspects in this context. Lowering of trade barriers could lead to
increased productivity via increased import competition, better access
to foreign technology, and improvedmanagerial efficiency, innovation,
and exploitation of economies of scale (Bernard et al. 2003; Melitz
2003). With the aim of improving its manufacturing competitiveness,
Indian policy-makers initiated a number of trade and industrial policy
reforms as part of the broader economic policy reforms since the mid-
1980s. Studies that analyzed productivity performances in India’s
(organized) manufacturing suggest a positive impact of these policy
reforms on productivity growth through directly impacting the sector
and through inter-sectoral linkages with the overall economy (Das
2004; Balakrishnan et al. 2000; Krishna and Mitra 1998). However,
these studies are mostly confined to the formal manufacturing sector,
which constitutes only a minor part of the economy, particularly in
terms of employment generation.3

3 Kathuria et al. (2010) is an exception, which looks into the productivity
performance of both organized and unorganized manufacturing, but for the
provincial aggregate manufacturing.
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This chapter takes a broader perspective on the empirical association
between liberal market policy reforms and productivity. We analyze
the productivity performance of the entire economy divided into
twenty-six sub-sectors, using a recently developed KLEMS (capital,
labor, energy, material, and services) database, and relate it to various
liberal policy reforms that have been initiated in Indian economy
during the last three decades. Previous studies, which are conducted
using aggregate economy data, suggest relatively better productivity
growth in the post-liberalization period (Bosworth and Maertens
2010; Bosworth and Collins 2008). Bosworth and Collins (2008) and
Jorgenson and Vu (2005) suggest a total factor productivity (TFP)
growth of above 2% in the 1990s through early 2000s. Taking account
of a number of heterogeneities – both in terms of differences in factor
inputs across assets and worker categories, as well as in industries – our
results suggests a lower TFP of 1.2% for the aggregate economy during
1980–2011, without much deviation over the three decadal averages
(1980s, 1990s, and 2000s). Excluding 1992 from the analysis, our
study suggests 1.4% TFP growth during the 1990s, which is slightly
higher than the other two decades.

Even though we do not find acceleration in aggregate economy
productivity growth, this aggregate picture masks several industry
dynamics. Our detailed industry analysis, which clearly documents
the structural shift in the Indian economy, indeed suggests a positive
impact of economic reforms on productivity growth in several indus-
tries, but it does not appear to be broad-based. In particular, our
sectoral analysis suggests that the driver of aggregate productivity
growth is the market services sector. We find both the agriculture and
market services sectors have gained substantial productivity growth
during the 1990s, whereas the manufacturing sector has weakened
significantly.4 The manufacturing sector – inclusive of formal and
informal sectors – however, has regained its 1980s TFP growth rates
in the 2000s. Nevertheless, even while improving its overall efficiency
in using labor and capital, there is no substantial expansion in the
manufacturing sector in terms of employment and investment, com-
pared to the previous decades. This points to several hurdles,

4 This weak performance of manufacturing in the 1990s has been acknowledged by
several studies in the context of formal manufacturing (Goldar 2014; Trivedi
et al. 2011; Kathuria et al. 2010). There is also limited evidence on the
unorganized sector (Kathuria et al. 2010).
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particularly in the formal sector, such as labor market rigidities, that
hampers expansion of formal sector activities.

Market services had the most impressive TFP growth in the 2000s,
being the main driver of India’s economic growth. In general the
market economy has been performing substantially better than
the non-market economy, which reflects the impact of several pro-
market reforms. This becomes particularly clear as this study distin-
guishes between market and non-market segments, in contrast to
earlier studies such as Bosworth and Collins (2008) which only
considered all services sectors together.5 A breakdown of the ser-
vices sector is of high importance given that public administration,
education, and health do not follow the market principles, such that
output and productivity is hard to measure and not particularly
meaningful.

The rest of the chapter is organized as follows. Section 7.2 docu-
ments the economic growth and associated structural changes that
have taken place in the Indian economy under different policy regimes.
In Section 7.3 the data and methodology used for analyzing India’s
sources of growth are detailed. In Section 7.4, the empirical analysis of
the sources of growth is providedwith emphasis on the contributions of
input versus productivity. Industry origins of aggregate productivity
growth are also discussed. Section 7.5 presents results on sectoral
productivity using a gross output production function approach, and
an analysis of the pattern of productivity growth across industries.
In Section 7.6, we provide a discussion on sectoral productivity
dynamics under policy reforms, by comparing productivity growth in
the 1990s and 2000s, and discuss some future policy perspectives.
The final section concludes the study.

7.2 Economic growth and structural change: an overview

The first set of postcolonial economic policies in India was characterized
by the “License and Permit Raj” with substantial emphasis on public

5 Verma (2012), while analyzing India’s service sector growth during 1980–2005,
distinguishes between trade, transportation, and communication services;
financial and business services; and community, social, and personal services.
We analyze the services sector for a longer period, 1980–2011, at further
disaggregation, considering nine sub-sectors, five of which are market service
sectors (see Appendix Table 7.1).
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sector investment.6 Import substitution, control on the private sector and
large domestic firms, resistance to foreign direct investment, technology
transfer, and interventions in factor markets were notable features of
these policies. Arguably, these strict policy measures led to a stifling of
market forces, resulting in a low rate of economic growth. In Table 7.1,
we provide the average growth rates of GDP and labor productivity in
India since 1950.7 The Indian economy grew at an annual average rate of
around 3.5 percent (also known as the “Hindu rate” of growth, a term to
rationalize the sluggish economic growth) during 1950–1980 period.

The process of reforms continued during the 1980s, during which
a mix of industry-specific and more generic policies aimed to reduce the
license barriers and to ease restrictions on imports were introduced.8

However, the tariff rates remained by and large high. GDP growth has
increased in the post-1980 period from the “Hindu rate” of about 3.5%
during 1950–1980 to 6.3% during 1980–2011, with 1980–1990 period
registering an average growth of 5.4% per annum. Indeed, there has

Table 7.1 Growth rates of GDP and labor productivity in the Indian
economy – pre- and post-1980s

Total
economy 1951–1980 1981–2011 1981–1990 1992–1999 2000–2011

GDP 3.5 6.3 5.4 5.9 7.4
GDP per
worker

1.8 3.4 2.1 3.7 4.4

Note:All growth rates are measured in log differences. Growth rates in GDP and labor
productivity for 1980–2011 are based on weighted growth rates of sectoral
employment and GDP.
Source: 1950 to 1980 are from the Conference Board Total Economy Database
(2014); all others are author’s calculation using India KLEMS data.

6 The elaborate system of licenses, regulations, and accompanying red-tapes
required to set up and run businesses in India between 1947 and the 1990s is often
called “License Raj.”

7 Indian economic statistics are generally available for a financial year, starting
from April 1 to March 31. For instance data for 1980–1981 refers to the period
of April 1, 1980 toMarch 31, 1981. Since it covers three quarters from the first year
and one quarter from the second year, for ease of use throughout this chapter, we
refer to the first three quarters. I.e. 1980–1981 is generally referred to as 1980.

8 See Panagariya (2008) and Bhagwati and Panagariya (2013) for discussions on
various policy reforms in India.
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been a marked increase in both GDP and labor productivity growth in
the post-1980 period compared to the previous period. However, the
growth acceleration could not be sustained, and the economy witnessed
a serious balance of payment crisis in the early 1990s. It is often argued
that the policy reforms in the 1980s were pro-business supporting the
incumbent firms rather than pro-market or pro-liberalization, thus limit-
ing the entry of new firms to encourage healthy competition (Rodrik and
Subramanian 2005).

However, as argued by Srinivasan and Tendulkar (2003), they did help
change the political perspective on liberalization, which made it easier for
the government to introduce widespread liberalization policies in the
aftermath of the balance of payments crisis. In 1991, India introduced
substantial structural reforms, characterized by the increased role attrib-
uted to the private sector, massive delicensing, easing of quantitative
controls, and increased integration with the global market.9 However,
the growthperformance of the Indian economy in thefirst decade after did
not show any sharp upward trend, being 5.9% during 1992–2000, com-
pared to 5.4% during 1980–1990.10 The economy grew at 7.4% during
2000–2011 period. As is clear from Table 7.1, labor productivity growth
acceleration had already started in the 1980s, it gained furthermomentum
in the 1990s, and increased substantially in the 2000s, owing to the liberal
market reforms in the early 1990s (Balakrishnan and Parameswaran
2007; Rodrik and Subramaniam 2005).

While there is a reasonable degree of agreement on growth accelera-
tion in the 1980s there exist divergent views on what caused this
growth turnaround. While Rodrik and Subramanian (2005) attribute
growth acceleration in the 1980s to manufacturing sector productivity
gain, Balakrishnan and Parameswaran (2007) and Bosworth et al.
(2007) also assign a substantial role to the reallocation of resources
from low productive sectors like agriculture to high productive sectors

9 Both the level and dispersion of tariffs were lowered and tariff rates were reduced
across the board. The peak rate of customs duty was lowered to around 65%
from over 200%. The non-tariff barriers in the form of quantitative restrictions
(QR) on intermediate and capital goods import were completely withdrawn.
Moreover, the economy has moved from a fixed and overvalued exchange rate to
a market-determined flexible exchange rate (see Das 2004).

10 We exclude 1991 while averaging productivity and output growth in the 1990s
throughout this chapter, because it was a year of extreme turbulence in the
Indian economy due to severe external imbalances and the consequent balance of
payments crisis.
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like manufacturing and services. A recent study by De Vries et al.
(2012) also signifies the important role of structural change in the
Indian economy both in the 1980s and in 1990s.

In Table 7.2 we provide the sectoral composition of the Indian econ-
omy in order to see how economic structure has been evolving over time.
The table shows that the value added share of the agriculture, hunting,
and fishing sector has declined steadily from 35.6% in 1980 to 17.5% in
2011. This decline, however, is not mirrored by an increase in the
manufacturing share, which declined from 17.4% to 14.4%. Within
manufacturing we distinguish between labor intensive and non-labor
intensive segments (See Appendix Table 7.1 for the sector classifica-
tions). As is evident from the table, the GDP share of the most labor-
intensive sectors has declined rapidly, while that of others increased only
marginally. Thus manufacturing did not absorb the release of agricul-
tural labor. Sen and Das (2014) attributes this decline in labor intensive
manufacturing to increasing substitution of labor by capital, facilitated
by reforms in capital goods and falling import tariffs on capital goods.
Yet another possibility is that the rigid labor market regulations pro-
vided fewer or no incentives for formal firms to create more jobs.11

The value added share of non-manufacturing industries, which includes
utilities (electricity, gas, and water supply), mining, and construction,
has increased from 7.9% in 1980 to 12.4% in 2011.

The most important feature of structural transformation in the
Indian economy is the emergence of the service sector, which makes
India defy the conventional structural change hypothesis of moving
from primary to secondary and then to services (Erumban et al. 2012).
The service sector remains the single largest contributor to value added
in the post-1980 period. The share of the service sector increased
rapidly from 39.1% in 1980 to 55.7% in 2011, with greater accelera-
tion since 1990 being observed in market services share in value
added.12 The distinction of market and non-market services is of high

11 See Moreno-Monroy et al. (2014), for an analysis of increasing outsourcing of
formal sector activities to informal sector in order to avoid many rigidities in the
formal labor market.

12 Market services includes trade, transport services, financial services, post and
telecommunications, and hotels and restaurants. Ideally it should also include
business services, which is a fast-growing segment in the Indian economy.
However, it was almost impossible to split this sector from other services for
investment data – an essential variable in our productivity analysis – making us
keep it under “other services.”
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significance, as most reforms were oriented towards the development
of a solid private market sector in Indian economy.

The observed high value added share of the service sector, however,
does not appear to have translated into an increasing employment
generation of similar magnitude. The primary sector remains the lead-
ing contributor to employment in all three decades, although its share
has declined steadily over time by about 20 percentage points from
69.8% in 1980 to about 48.1% in 2011. The employment share of the
manufacturing sector has been rather stagnant over the years, whereas
there is a sharp rise in the employment share in non-manufacturing
industries in the 2000s due to large employment generation in the
construction sector. Services, on the other hand, see an employment
gain of 12%, while its output share increased by 17%.

The increasing share of services in GDP has clear implications for its
role in driving growth in the Indian economy, and several studies have
attributed economic growth in India to the service sector (Eichengreen
and Gupta 2009; Gorden and Gupta 2003 among others). The declin-
ing share of manufacturing, and the increasing role of the service sector
in the Indian economy, however, raises the question of what is the
impact of economic reforms, which were primarily aimed at increasing
efficiency and competitiveness of the manufacturing sector, on

Table 7.2 Gross value added and employment shares in GDP,
1980–2011 (%)

Sector

Value added Employment

1980 1990 2000 2011 1980 1990 2000 2011

Agriculture 35.6 29.4 23.0 17.6 69.8 64.7 59.8 48.1
Industry 25.3 26.6 26.0 26.8 13.2 15.2 16.5 22.7
Manufacturing 17.4 16.4 15.3 14.4 10.4 10.7 11.1 11.4
High labor intensive 10.2 7.5 7.1 5.3 8.5 8.4 8.3 8.3
Medium labor intensive 4.2 5.2 4.2 4.5 1.2 1.4 1.7 1.9
Low labor intensive 3.0 3.7 4.0 4.6 0.8 0.9 1.0 1.1
Non-manufacturing 7.9 10.3 10.7 12.4 2.8 4.5 5.4 11.3
Services 39.1 44.0 51.0 55.7 16.9 20.0 23.7 29.2
Market services 18.6 22.6 27.6 30.9 8.9 11.5 14.6 16.8
Non-market services 20.4 21.4 23.4 24.7 8.0 8.5 9.1 12.4

Note: Agriculture is inclusive of hunting and fishing activities.
Source: Authors calculations using India KLEMS database.
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boosting productivity and economic growth? Many studies assert that
for a developing country like India, it is important to maintain a high
manufacturing growth without which the pace of growth of the service
sector cannot be sustained (Rodrik 2013; Panagariya 2008; Acharya
et al. 2003). Except for a few countries with abundant natural
resources, almost all countries that sustained high growth did so with
the help of the manufacturing sector (Rodrik 2013). This chapter is the
first to deal with this issue in a satisfactory way by providing detailed,
industry-level data, and as suchmakes an important contribution to the
discussion of Indian economic growth policies.

7.3 Data and methodology

7.3.1 Methodology

In order to analyze sources of India’s economic growth, this chapter
uses the standard growth accounting approach as outlined in
Jorgenson et al. (1987, 2005). We decompose total output growth
into the contributions from growth rates of primary inputs (capital
and labor) and TFP growth as:

DlnYt ¼ DlnAt þ vK ;tDlnK t þ vL;tDlnLt ð1Þ

where Y is the real output, measured by value added, K is the capital
input, L is the labor input, vK;t is the compensation share of capital in
value added averaged across current and previous period, and vL;t is the
compensation share of labor. Under constant returns to scale the income
shares of labor and capital sum to unity. A is the measure of TFP.

Equation (1) has been widely used in the literature, including in
studies on productivity in the Indian economy (Bosworth and Collins
2008). In several previous studies in the Indian context, K is repre-
sented by capital stock measured using standard perpetual inventory
method (PIM) often not even allowing for depreciation of older vin-
tages, and L is measured by number of employees. We, however, differ
from these in terms of the treatment of factor inputs K and L, and
consequently the measured TFP growth. Following the theoretical
arguments (Jorgenson 1963), and international practices (see for
instance Timmer et al. 2010; OECD 2001), in this chapter aggregate
capital and labor inputs are measured as the flow of services from these
inputs to the production process. Since aggregate capital and aggregate

242 Das, Erumban, Aggarwal, and Sengupta

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.007
https://www.cambridge.org/core


labor inputs consist of different types of capital assets (e.g. machinery,
computers, buildings etc.) and labor types (low skilled, high skilled
etc.), it is important to account for the possible heterogeneity while
measuring these inputs, as their marginal productivities may differ.
In order to take account of asset heterogeneity of capital and skill
heterogeneity of labor, we distinguish between five types of labor and
three types of capital assets (see section 7.3.2 on data). Our approach
to measuring capital and labor input will be discussed in detail
subsequently.

Equation (1) is a value added function, which is appropriate for
measuring productivity for the aggregate economy. We also measure
productivity at detailed sectoral level, for which a more appropriate
approach would be to use a gross output function (Jorgenson et al.
1987). As in equation (1) we can decompose the growth rate of gross
output into L, K and TFP, but also to the contributions of intermediate
inputs, energy (E), material (M), and services (S):

DlnQj;t ¼ DlnA%
j;t þ v%K ;j;tDlnK j;t þ v%L;j;tDlnLj;t þ v%E;j;tDlnEj;t

þ v%M;j;tDlnMj;t þ v%S;j;tDlnSj;t ð2Þ

where Q is the real gross output, v%X;t is the compensation share of input
x (capital, labor, energy, material, and services) in nominal gross out-
put averaged across current and previous period – all for any given
industry j. As before, under constant returns to scale the income shares
of all inputs sums to unity. A% is the measure of TFP based on gross
output function, which is different from, but related to A in equation
(1). Hulten (1978) shows that there is an accounting relationship
between A and A* such that A is the product of A* and the ratio of
gross output to gross value added. This relationship can be expressed to
obtain A* from A as:

DlnA%
j;t ¼

VA

GO
%DlnAt ð3Þ

While A, which is indicative of improvements in the productivity of
factor inputs, labor and capital, is more interesting from an aggregate
economy andwelfare perspective, A*, which accounts for the efficiency
of all inputs, is important from a technological change point of view.
Therefore, in our industry growth accounting analysis we focus on A*
and in our aggregate analysis we use A.

Productivity growth in India 243

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.007
https://www.cambridge.org/core


7.3.2 Data and variables

The data used in the empirical analysis of this study is from the India
KLEMS data compiled from various sources, and cover the period
1980–2011. Though the primary source of India KLEMS data is the
National Accounts Statistics (NAS), published annually by the Central
Statistical Organization (CSO), various other sources have been used to
construct variables that are not often available in national accounts.
This includes input–output (IO) tables, and various rounds of National
Sample Survey Organizations (NSSO) surveys on employment and
unemployment. Our analysis requires industry-wide data on nominal
and real value added, investment by asset type, number of workers and
labor compensation by type of worker, and intermediate inputs.13

In what follows we discuss these sources more specifically with regard
to each of the variables used in our analysis.

Gross output (GO): National Accounts provides data on gross output
in agriculture, hunting, forestry and fishing, mining and quarrying,
construction, and fourteen manufacturing sectors at current and con-
stant prices. However, NAS does not provide gross output series for
other sectors in our twenty-six industry classification. Moreover, the
manufacturing sectors available in NAS classification were not fully
consistent with our KLEMS classification. Therefore, to estimate out-
put in our KLEMS sectors, additional information is used from Annual
Survey of Industries (ASI) for registered manufacturing sectors, NSSO
quinquennial surveys for unregistered manufacturing sectors, and
input–output transaction tables for the service sectors. For seven man-
ufacturing industries, for which the sectoral data is not available from
NAS, the output data for a higher level aggregation from NAS is split
using output distribution from ASI and NSSO rounds to arrive at
desired KLEMS sector estimate.14 We aggregate registered and unre-
gistered manufacturing data to obtain KLEMS consistent total manu-
facturing sector.

13 See Appendix Table 7.1 for a list of twenty-six industries in the India KLEMS
database (also see Table 7.4).

14 These sectors are wood and wood products, coke refined petroleum and nuclear
fuel, rubber and plastic products, basic metals and fabricated metal products,
machinery not elsewhere classified, electrical and optical equipment, and other
manufacturing.
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For service sectors, except public administration and defense, and
electricity, gas, and water supply, output estimates are constructed
using information from IO tables.15 We take the benchmark year gross
output to value added ratio for the relevant sector from IO tables for
years 1978–1979, 1983–1984, 1989–1990, 1993–1994, 1998–1999,
2003–2004, and 2007–2008. These ratios are linearly interpolated for
intervening years and applied to the gross value added series obtained
from national accounts to derive the output estimates consistent with
NAS at current prices.

For constant price series, the NAS estimates are directly used wher-
ever the sector classification matches the KLEMS classifications. For
the seven KLEMS manufacturing industries where direct NAS esti-
mates are not available, the nominal estimates constructed are deflated
with suitable wholesale price deflators. For services sectors and utili-
ties, for which the wholesale price deflators are not available, the
nominal estimates are deflated with implicit value added deflators
from NAS to arrive at constant price series.

Intermediate inputs: Time series of intermediate inputs, energy, mate-
rial, and services, are constructed using the methodology developed by
Jorgenson et al. (1987) and extended by Jorgenson (1990). This
approach involves extensive use of IO tables from where we can obtain
the flows of all commodities in the economy (Jorgenson et al. 2005;
Timmer et al. 2010). For constructing the current price series, propor-
tions of energy, material, and service inputs in total intermediate inputs
are calculated from the benchmark IO tables for years mentioned
before, and for intervening years these are linearly interpolated. This
interpolation involves an implicit assumption that for each IO sector
input–output coefficients change progressively between the benchmark
years. For years after 2007, the last IO table, a similar assumption is
made; we assume that the input–output coefficients vary at a similar
rate as in between 2003 and 2007. In order to ensure consistency of
final estimates with published National Accounts series, the projected
input vector has been proportionately adjusted to match the gap
between gross output and value added of NAS sectors.

15 Public administration and defense is a special case where no intermediate inputs
are given in IO tables. In this case, we use value added to output ratio from
System of National Accounts tables, available from the CSO.
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For constructing the constant price series, the nominal values of
intermediate inputs are deflated using weighted intermediate input
deflators, constructed for each of the three inputs – energy, material,
and services.16 For any given intermediate input (energy, material, or
services), the intermediate input price for any industry is obtained as
the weighted sum of wholesale prices of each commodity used by that
industry, with the weights being the share of these commodities in the
total basket of the intermediate inputs. For instance, the intermediate
price deflator for energy input in the agricultural sector is the weighted
sumofwholesale prices of all energy inputs (e.g. electricity, gas) used by
the agricultural sector, with weights being the share of each of these
inputs in total energy consumed by this sector. These weights are
obtained from IO tables and the wholesale prices are obtained from
the Ministry of Commerce and Industry, Government of India.

Gross value added (GVA): NAS provides estimates of GVA by indus-
tries at both current and constant prices since 1950. We use the GDP
data since 1980 from the most recent National Accounts series which is
based on 2004–2005 prices. GDP estimates are adjusted for Financial
Intermediation Services Indirectly Measured (FISIM). The value of
such services forms a part of the income originating in the banking
and insurance sector and, as such, is deducted from the GVA. The
KLEMS sectors for which value added are directly taken from NAS
are the agriculture sectors, mining, electricity, construction, manufac-
turing, and the service sectors. For manufacturing sectors, registered
and unregistered segments from NAS are added. As in the case of
output, for sectors where no KLEMS industry classification was avail-
able, we use additional information from ASI and NSSO to arrive at
desired KLEMS sector estimates. The estimates of real value added for
each industry are arrived at by subtracting real intermediate input from
real gross output, i.e. using a double deflation approach.

Employment and labor composition:National Accounts does not pro-
vide data on employment. Therefore, we rely on Employment and
Unemployment Surveys (EUS) published by NSSO every five years.

16 This approach is similar to Balakrishnan and Pushpangadan (1994), who were
the first to use a double deflated value added function to estimate productivity
growth in India’s organized manufacturing sector.
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EUS provides estimates of work participation rates by sectors classified
on the basis of National Industrial Classification (NIC), which are used
to derive number of employees in each sector using population esti-
mates from various population censuses. However, EUS provides more
than one definition of employment based on activity status, which are
usual principal status (UPS), usual principal and subsidiary status
(UPSS), current weekly status (CWS), and current daily status (CDS).
Since UPSS is the most liberal and widely used of these concepts, we
estimate the number of employed persons using UPSS definition
(Aggarwal 2004).17

We obtain numbers of all persons employed including self-employed
in each industry, using UPSS assumption from the EUS. However, our
measure of labor input also takes account of worker heterogeneity in
terms of educational attainment and therefore, following Jorgenson
et al. (1987) we define labor input in any industry j (Lj) as a Tornqvist
volume index ofworkers by individual labor types ‘l’ categorized on the
basis of educational attainment:

D ln Lj ¼
X5

1
vLl;jD ln Ll;j ð4Þ

We use five education categories (l=5 in the above equation) namely:
up to primary, primary, middle, secondary and higher secondary, and
above higher secondary. The weights vLl;j are obtained as the compensa-
tion share of worker category l in total wage bill of industry j, averaged
through current and previous year i.e.

vLl;j ¼
PL
l;jLl;j

X5

l
PL
l;jLl;j

ð5Þ

The EUS also provides statistics on compensation received by regular
and casual workers in each industry, and can be directly used. However,
it does not provide any information on wages of self-employed. To
obtain a complete picture of wage composition, we supplement the

17 However, UPSS definition suffers from limitations such as: (1) it seeks to place as
many persons as possible under the category of employed by assigning priority to
work; (2) there is no single long-term activity status for many as they move
between statuses over a long period of one year; and (3) it requires a recall over
a whole year of what the person did, which is not easy for those who take
whatever work opportunities they can find over the year or have prolonged spells
out of the labor force.
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wage data directly obtained from EUS for casual and regular workers by
econometrically estimated self-employed compensation (see Aggarwal
and Erumban 2013).

Note that equation (4) can be decomposed into pure employment
growth, measured by the growth rate of aggregate employment (sum of
all workers, disregarding their skill differences), say D lnH ¼ D ln

X
l
Ll

and a labor composition effect D ln LC. If the proportion of highly
educated workers is increasing, the later component will be positive,
suggesting an improving quality of work force. Thus, subtracting
D lnH, the growth rate of aggregate employment from (4), we obtain
the labor composition growth rates. In our growth accounting equa-
tions (1) and (2) we divide our labor input L, into the contributions of
pure labor quantity, D lnH and that of labor composition D ln LC.

Capital services: As in the case of labor input we measure capital input
in any given sector j (Kj) as a Tornqvist volume index of individual
capital assets as follows:

DlnKj ¼
X

k
vKk ;jDlnKk ;j ð6Þ

whereDlnKj is the growth rate of aggregate capital services in any given
industry j, DlnKk;j is the growth rate of capital stock in asset k
(we distinguish between three types of capital assets: construction,
machinery, and transport equipment) and the weights vKk ;j are given
by the period average shares of each type of asset in the total value of
capital compensation, such that the sum of shares over all capital types
adds to unity. The asset shares in total capital compensation are calcu-
lated as:

vKk;j ¼
PK
k;jK k;jX
k
PK
k;jK k;j

ð7Þ

where individual capital stocks KK are estimated using standard perpe-
tual inventory method (PIM) with geometric depreciation rates:

K k;j;t ¼ K k;j;t& 1 1 & δkð Þ þ Ik;j;t ð8Þ

and the rental prices of capital pKk;j are computed as

PK
k;j;t ¼ PI

k;tj;& 1i
%
t þ δkP

I
k;j;t ð9Þ
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where pIk is the investment price of asset k, i* is real external rate of
return and δk is the assumed geometric depreciation rate of asset k.18

We assume a depreciation rate of 2.5% for construction, 8% for
machinery, and 10% for transport equipment, based on a double
declining balance rate derived using the average lifetimes of these assets
used in the National Accounts. We measure the real external rate of
return, i* by a long-run average of real bond rate and market interest
rate, obtained from Reserve Bank of India. Nominal investment and
investment deflators by asset type (Ik) and industries are obtained from
National Accounts, and therefore are consistent with our measure of
output and value added.

As in the case of labor, one can also add up the capital stock
measured in (8) across assets to obtain the growth rate of aggregate
capital stock (Ks) in any given industry j as:

DlnK s
j ¼ Dln

X
K k;j ð10Þ

The difference between (6), the growth rate of capital services, and
(10), the growth rate of capital stock, reflects the compositional changes
in the capital stock. This composition effect will be positive if the share of
fast depreciating assets such as information and communication tech-
nology increases compared to slow depreciating assets such as buildings.

Labor Income: For empirically evaluating the relative roles of factor
inputs and productivity in driving growth using growth accounting
approach (equations 1 and 2) we also need the nominal compensation
shares of factor inputs in value added and output. There are no pub-
lished data on factor income in Indian economy at a detailed disaggre-
gate level. The NAS publishes the net domestic product (NDP) series
comprising of compensation of employees (CE), operating surplus
(OS), and mixed income (MI) for the NAS sectors. However, this series
does not separate the income of the self-employed persons, rather it is
included in the mixed income (MI) category, which also includes

18 In the present version of the India-KLEMS database, we use an external rate of
return. However, one can also use an internal rate of return, which will ensure
consistency with NAS (see Jorgenson and Vu 2005). Oulton (2007) suggests
a hybrid approach, where both external and internal rates are used in the
measurement of capital services and productivity. See Erumban (2008) for
a discussion on the empirical implications of alternative approaches to the
measurement of rental prices.
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a capital component of the income. Therefore, to compute the labor
incomes, one has to take the sum of the compensation of employees and
the part of the mixed income that is wages for labor.

We delineate the self-employed income component from mixed
income as: CS%j;t ¼ ηjMIj;t, where CS%j;t is the estimated self-employed
income, MI is the mixed income in industry j in year t obtained from
National Accounts, and ηj is the fraction of mixed income attributed to
self-employed workers. ηj, which is assumed to be a fixed parameter for
each industry, is obtained as an average of two alternate measures of
self-employed to mixed income ratio.

In the first case, the wages of the self-employed are estimated using
a Mincer equation with Heckman two step regression procedure (see
Aggarwal and Erumban 2013). Wages for regular and casual workers
are regressed onworkers’ properties in terms of gender, age, education,
location, socio-economic group,marital status, and industry dummies –
all obtained from employment surveys. The estimated coefficients are
applied to worker properties of self-employed, in order to estimate self-
employed labor compensation. We estimate income of self-employed
workers for each industry for six benchmark years of employment and
unemployment surveys (i.e. t = 1983–1984, 1987–1988, 1993–1994,
1999–2000, 2004–2005, and 2009–2010). The ratio of thus obtained
self-employed income to the NAS estimates of mixed income is con-
sidered as the first estimate of self-employed to mixed income ratio
(η1j;t) in industry j. In other words, in this case, self-employed income is
a direct estimate from NSSO employment surveys, based on income of
regular and casual workers.

In the second approach, the proportion of self-employed income to

mixed income is computed as: η2j;t ¼ CEj;t :j;t
MIj;t

, where CE is the compensa-

tion of employees from national accounts, θ is the ratio of estimated
labor income of self-employed (CS% in approach 1) and the labor
income of regular and casual workers (CR) also from employment
surveys (j;t ¼ CS%j;t=CRj;t; Þ. The numeratorCE θ provides self-employed
income consistent with NAS. However, in this case, it is possible that
the estimated η2j exceeds one, in which case, we assumed it to be
unity.19

19 This has been the case for industries mining (in 2004–2005), electricity, gas, and
water supply (in 1993–1994 and 2004–2005), and construction (in 1983–1984,
1987–1988, 1993–1994, and 1999–2000).
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Finally, ηj is obtained as an average of η1j;t and η2j;t, over the five
benchmark years for which employment surveys are available. For
industries for which estimates of CE and MI are available directly
from NAS, ηj has been computed and applied directly.20 For the
remaining industries, the ratio of the higher industry aggregate has
been applied.

Income shares of capital and intermediate inputs: Following constant
returns to scale assumption, the capital income share in value added is
obtained as a residual: it is defined as one minus labor income over
gross value added (GDP). Shares of intermediate inputs in gross output
are directly obtained from their nominal cost divided by nominal gross
output, and again the residual after adjusting for intermediate and
labor shares in gross output, we obtain capital income share in gross
output.

7.4 Sources of economic growth: results

7.4.1 Productivity growth in major sectors of the economy

Using equation (1) we decompose the growth rate of GDP into con-
tribution of capital services (capital stock and capital composition),
labor input (employment and labor composition), and TFP growth.
In Figure 7.1 we depict GDP growth along with input and productivity
contributions in agriculture, manufacturing, and market services sec-
tors of the economy in the 1980s, 1990s, and 2000s.21 The overall
economy-wide productivity shows a moderate increase in the 1990s
compared to the 1980s. However, aggregate productivity growth fell
marginally from 1.4% during 1992–1999 to 1.2% during 2001–2011,
thus being back to the rate at which it grew during 1981–1990.
The stagnant productivity growth even while the economy is growing
faster suggests a decline in the relative share of TFP growth in aggregate

20 These are industries agriculture, mining and quarrying, total manufacturing (but
not by sub-sectors), electricity, construction, trade, hotels and restaurants,
transport and storage, communication, financial services, public administration,
and all other services (available separately for real estate and business services,
ownership of dwelling, social and personal services, and other services).

21 Results for non-manufacturing industries and non-market services are not
discussed here, but are available in the detailed industry results section.
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growth. Whereas TFP growth contributed 22% of output growth
(1.2 percentage points out of 5.4%) during 1981–1990, and 24%
(1.4 out of 5.9%) during 1992–1999, it declined by almost 8%to
16% (1.2 out of 7.4%) during 2000–2011. In the subsequent analysis
we will see this decline has been largely driven by the non-market
economy. Almost 45% to 60% of output growth during the entire
period of analysis has been due to capital, whereas the contribution of
workers (excluding the contribution of labor quality) declined from
27% in the 1980s to 16% in the 1990s and increased only marginally
to 18% during the 2000s.

Productivity growth in agriculture: TFP growth appears to be an
important driver of output growth in the agricultural sector through-
out the period. The 1980s was a period of a widespread green revolu-
tion in Indian agriculture across different crops, which is often argued
to have impacted agricultural growth positively (Binswanger-Mkhize
2013).22 Our results suggest that more than half of the output growth
in the 1980s was due to productivity gain in the sector, whereas one-
third of the growth was due to increased capital services (sum of capital
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Figure 7.1 Contribution of factor inputs and total factor productivity growth
to GDP growth, 1980–2011

22 Indeed the green revolution in the 1980s also helped to improve the rural income
and create a market for non-agricultural products and services which might also
have helped growth in other sectors in the 1980s.
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stock and capital composition). In the 1990s, almost 65%of total value
added growth is due to increased TFP, which grew at 2.2% per annum.
Certainly, the surge in TFP growth from 1.6% in the 1980s to 2.2%has
been clearly the source of acceleration in value added growth, while the
contribution from capital services has remained the same at 0.9 percen-
tage point. However, capital services increased its contribution sub-
stantially during the 2000s, while that of TFP growth declined.
The increased contribution of capital in the agricultural sector is,
perhaps, due to increased mechanization of the sector. This is also
evident from the declining contribution of employment, even dragging
output growth down during the 2000s with a contraction in employ-
ment. However, the labor composition contribution has been increas-
ing, though marginally, over time.

The observed acceleration in agricultural productivity growth in the
1990s, however, seems to defy previous findings. A strict comparison
of our results with previous studies is less feasible due to both metho-
dological differences and the time period covered by previous studies.
However, we provide a broad comparison for the 1980s, 1990s, and
2000s using select studies on sectoral productivity in Indian economy.
Fuglie (2012) reports TFP growth of 2% during 1981–1990 in agri-
culture, which declined by almost half a percentage point during
1991–2000. Our estimate for the 1980s is lower by 0.4 percentage
points at 1.6%, and moreover, it suggests an increase during
1992–1999. This opposing trend is driven by the fact that we exclude
1991 from our analysis of the 1990s (see footnote 10). Therefore, for
comparison purposes we recalculated the average TFP growth using
our data for comparison.23 In 1991, agricultural TFP growth fell by –

3.2%, and if we include it in our estimates, our TFP growth estimates
for the 1990s will be 1.2%, which is 0.6 percentage point lower than
the TFP growth in the 1980s. Our estimates for 2000–2007 is 1.5%
compared to their estimate of 1.9%, both suggesting an increase over
the 1990s, whereas in the post-2007 years TFP growth has fallen, thus
causing our estimate for the entire 2000s decade to decline. Thus the
trends in our results are comparable to that of Fuglie (2012), though the
growth rates are lower.

Bosworth and Collins (2008) also see a decline in productivity
growth from 1.0% during 1978–1993 to 0.5% during 1993–2004,

23 This has been done for all studies compared in subsequent sections.
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which is a trend that is consistent with our results, as well for the same
period (a decline from 1.4% to 0.9%).24 However, our estimate is
higher by 0.4 percentage point in both periods. Bosworth and
Maertens (2010) report a productivity growth of 1.9% compared to
1.6% in our estimate, in the 1980s, which declines drastically to 0.7%
during the 1990s, which is again primarily due to a massive decline in
1992. Our estimate also suggests a decline in the 1990s (if the same
period is considered), but not to the same magnitude. This clearly
suggests that the agricultural productivity decline in the 1990s,
reported by previous studies, is primarily driven by the sharp decline
in 1991, a year of severe economic imbalances in Indian economy.

Productivity growth in manufacturing: While the agricultural sector
registered the highest growth in the 1990s, the golden period of India’s
manufacturing seems to be the 1980s, during which it registered nearly
10% growth rate with about 30% coming from increased TFP growth.
Nevertheless, capital remains the single largest contributor to growth
in manufacturing throughout the period. Its contribution averaged
around 73%, varying from 55% (5 out of 9.2 percentage points) in
the 1980s to more than 100% (6.2 out of 5.9 percentage points) in the
1990s, though declined to about 60% in the 2000s (Figure 7.1).

TFP growth has been substantial in driving manufacturing growth in
the 1980s, with 2.7% of TFP growth.25 However the 1990s, the period
of massive liberalization focusing on manufacturing, has seen
a deceleration in TFP growth, registering –1.4%, being the primary
cause of a declining value added growth. During this period, contribu-
tion of capital services increased while that of labor composition
remained the same as in the previous period. Even though employment
contribution declined, the main source of growth deceleration was the
deceleration in TFP growth. A turnaround in productivity is seen in the
2000s, arguably suggesting the lagged effect of substantial liberal

24 As in Bosworth and Collins (2008), we also include land as part of our capital
input in agricultural sector, thoughwe do not present its contribution separately.
Bosworth and Collins (2008) have shown that the role of land, however, is
negligible in explaining aggregate growth.

25 Ahluwalia (1991) has argued that there has been a turnaround in productivity
growth in the organized manufacturing sector in the mid-1980s, owing to the
economic policies of the 1980s. Such conclusions, however, are often contested
on methodological grounds (Hulten and Srinivasan 1999; Balakrishnan and
Pushpangadan 1994).
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market reforms in the 1990s, registering 2.6% (almost 30% of total
value added growth). The contribution of employment growth has
declined in the 1990s, and remained at about 0.7 percentage point in
the 2000s, while labor quality maintained a contribution of 0.3 percen-
tage point.

This sluggish productivity performance in the Indian manufactur-
ing sector in the 1990s is largely confirmed by previous studies that
looked at the productivity growth in the registered manufacturing
(Goldar 2004; Kathuria et al. 2010). There is hardly any study that
looks into the manufacturing sector as a whole which makes a strict
comparison of our results less possible. A recent study by Kathuria
et al. (2010), which looks into the productivity performance of both
organized and unorganized manufacturing, suggests a large and
increasing gap in TFP growth between the two segments, with the
unorganized productivity growth being substantially lower than the
organized.26 Clearly the productivity differences between organized
and unorganized sector reflects in the aggregate manufacturing pro-
ductivity. They also confirm a negative productivity growth in the
manufacturing sector – both in organized and unorganized – in the
1990s, which is in conformity with our finding. A weighted average of
their registered and unregistered manufacturing results, using relative
shares of value added, suggests a negative TFP growth in the 1990s,
which is close to our estimate of –1.4%. However, if we stick to their
periodization, our results are even worse, at about –2% for
1994–2001 period. For the 2000s, our results are quite impressive
for the entire 2000–2011 period, and for 2000–2007 it is just 0.5%
compared to almost –4% in their estimates.

Even after several improvements in data and measurement, our
results confirm that manufacturing – inclusive of formal and informal –
has not performed well in the 1990s in terms of productivity growth.
Clearly the sector has been pursuing a capital intensive growth path,
accompanied by considerable productivity growth in the 1980s, while

26 Their results suggest that the unorganized sector TFP growth has been negative
and 4% lower than the organized sector during 1994–2001, while it deteriorated
further to 19% lower than formal productivity growth during 2001–2005.
A strict comparison of our results with Kathuria et al. (2010) is not feasible, as
they provide a simple average of regional manufacturing TFP growth by
registered and unregistered separately. What we compare here is an average of
the registered and unregistered regional averages, to obtain a comparable
national TFP growth, which is what we are interested in.
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the 1990s was a period of productivity slow down. Both investment
growth and job creation has declined in the 2000s, whereas the sector’s
overall efficiency in using these resources has improved, even though
output growth has not surpassed its performance in the 1980s.
Certainly, the sector needs further boost for rapid expansion both in
terms of employment and output. Nevertheless, it is worth mentioning
that the policies in the 1980s and 1990s seem to have paid off in terms
of productivity gain in the sector, though after a time lag.

Productivity in services: While the 1990s was a period of productivity
slowdown in manufacturing, interestingly it has been a period of rapid
productivity growth in the market services sector. TFP grew at an
annual average rate of 1.9% during 1992–1999, as compared to
a decline at –0.1% during the previous decade. The contribution of
capital services also increased substantially, while that of employment
declined. Thus, clearly the increased service sector growth in India in
the 1990s can be largely attributed to productivity growth (also see
Verma 2012) and capital accumulation. Market service sector produc-
tivity growth continued to be high and positive in the 2000s, and it
grew at a much faster rate compared to the 1990s. It registered a 3.7
average TFP growth during 2000–2011, which is higher than the TFP
growth in manufacturing and agriculture. Contribution of capital to
output growth also increased during this period, while that of employ-
ment declined marginally and that of labor composition remained the
same. The growth acceleration in the Indian economy is therefore
largely due to accelerated productivity and capital accumulation in
the market service sector, while the manufacturing sector still needs
to raise the speed at which it grows.

A broad comparison of our results with those of Bosworth and
Collins (2008), which is one of the very few studies that looks into
productivity growth in the entire economy, suggests the trend in our
results are quite comparable for the service sector. They report a TFP
growth of 1.4%during 1978–1993, whereas our estimate for the entire
services economy (including market and non-market segments) sug-
gests 1.1% productivity growth during the same period, which in our
case increased to 2.4% during 1993–2004, whereas their estimate
increased to 3.9%. Indeed, both suggest acceleration in productivity
growth in the 1990s, though the acceleration in our estimates for the
entire service sector is much less.
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A major part of the differences between our results and previous
studies can be attributed to several methodological and data improve-
ments. If factor inputs are not properly accounted for their composi-
tional differences, which is the case with several previous studies on
the Indian economy, it is likely that TFP growth will be overstated.
For instance, if we add labor and capital composition effects to our
measured TFP growth, we will have a TFP growth closer to 2% in
both the 1990s and the 2000s. Our analysis also relaxes the assump-
tion of constant factor income share in GDP, which is the case in
several studies in the context of aggregate economy growth account-
ing. Bosworth and Collins (2008), for instance, assume a constant
wage share of 0.6 over time and across sectors, whereas our data –

which includes estimated income of self-employed workers – suggests
that on average during 1980–2011 wage share in GDP varied from
9% in the petroleum sector to 77% in construction and 85% in public
administration. We allow factor income share to vary across years
and industries, which will also have an impact on measured produc-
tivity growth. For instance, if we assume a wage share of 0.6, as in
Bosworth and Collins (2008), our TFP growth estimates for the 1990s
and 2000s approximates to about 2%, which is closer to their
estimate.

7.4.2 Sectoral contributions to aggregate productivity growth

Given that the service sector is expanding and manufacturing sector is
shrinking in terms of their relative size in the overall economy, produc-
tivity growth in the service sector would be decisive in driving aggregate
productivity growth. In Table 7.3, we provide the contribution of
various sectors of the economy to aggregate TFP growth. These are
arrived at using their relative shares in nominal GDP as weights.

The aggregate TFP growth in the 1980s was driven by both manu-
facturing and non-manufacturing sectors (also see Balakrishnan and
Parameswaran 2007), primarily by non-market services and agriculture.
Other industries which include market services and non-manufacturing
industries (utilities and construction) pulled productivity growth
down, with high negative contribution from non-manufacturing
industries, and almost no contribution from market services. Within
manufacturing low labor intensive sectors had a relatively larger TFP
growth contribution, though the differences between low and high
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labor intensive manufacturing sectors in terms of TFP growth con-
tribution are not large.

However, the picture started changing in the 1990s, asmarket services
started picking up substantially, and manufacturing, in particular high-
and low-labor intensive manufacturing sectors, witnessed productivity
slowdown. Agriculture and non-market services continued to grow
faster in the 1990s, each contributing approximately 40 percent of
aggregate productivity growth. This clearly suggests that immediately
after the market reforms in the 1990s, productivity gains in the manu-
facturing sector were less evident, while the accompanied information
and communications technology (ICT) revolution might have helped
India’s market service sector gain productivity growth.

In the 2000s, the period of high growth in India, most of the pro-
ductivity gains are due to market services. Even though manufacturing
contribution has increased in the 2000s, primarily due to low-labor
intensive segments within the manufacturing sector, more than 90 per-
cent of productivity gain was from market services. Interestingly, con-
tribution of high-labor intensive manufacturing also increased during
this period, while medium labor intensive segments witnessed a

Table 7.3 Sectoral contribution to aggregate total factor productivity

1981–1990 1992–1999 2000–2011

Agriculture 0.52 0.60 0.23
Industry 0.09 −0.28 0.12
Manufacturing 0.44 −0.21 0.39
High labor intensive 0.15 −0.16 0.14
Medium labor intensive 0.10 0.11 −0.04
Low labor intensive 0.19 −0.16 0.29
Non-manufacturing industries −0.35 −0.07 −0.27

Services 0.51 1.06 0.92
Market services −0.02 0.48 1.09
Non market services 0.53 0.58 −0.17
Market Economy 0.59 0.81 1.45

Total economy 1.15 1.39 1.21

Note: Market economy consists of all sectors excluding non-market services. Non-
manufacturing industries are utilities (electricity gas and water) and construction. For
manufacturing sector classification based on labor intensity and details on other
industry aggregations, see Appendix Table 7.1.
Source: Author calculation using India KLEMS data.
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slowdown. Productivity contribution from agricultural as well as non-
market services declined significantly during this period.

Also, there is a large difference in the productivity pattern in the
2000s compared to the 1980s and 1990s. In the 1980s 53% (0.6 out of
1.2% TFP growth) of aggregate productivity was driven by the market
sector (both manufacturing and services) and 47% was driven by the
non-market economy. In the 1990s the market economy increased its
productivity contribution to 58% (0.8 out of 1.4) and in the 2000s its
contribution has gone up to 114% (1.4 out of 1.2), during which the
non-market economy witnessed a deceleration in productivity, thus
pulling down aggregate productivity by almost 14%. The non-
manufacturing industries, which are largely utilities and construction,
had a negative productivity contribution throughout. The utilities sec-
tor in India largely operates under administrative control. If this sector
is also excluded from the market economy, then the contribution of the
market economy to aggregate productivity growth increases to 135%
(i.e. 1.7 percentage points out of 1.2% TFP growth) in the 2000s.
Indeed, the market economy has taken over the productivity drive,
which is suggestive of the impact of policy reforms aimed at promoting
market principles. TFP growth in the market economy grew at an
annual rate of about 2% in the 2000s, compared to 0.8% during
1980s and 1% during the 1990s. Below we will examine which sectors
within and outside of market services that gained productivity accel-
eration in 2000s.

7.5 TFP growth in India using aggregate production function

Using equation (2) we computed the output growth decomposition of
all the twenty-six industries in the KLEMS database. The results for
the three sub-periods are given in Figure 7.2. Also, in Table 7.4, we
provide the sectoral TFP growth obtained using a value added func-
tion (equation 1), along with value added/output ratio, the product of
which provides the gross output based TFP growth presented in
Figure 7.2. Capital is the main driver of growth in the mining and
education sectors in the 1980s, while intermediate inputs drive output
growth in almost all other sectors. In the manufacturing industries
contribution of intermediate inputs is substantial in driving output
growth, which is in conformity with many previous studies on orga-
nized manufacturing in Indian economy (Banga and Goldar 2007).
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Industries such as rubber and plastics, transport equipment, chemical
products, and electrical and optical equipment were ranked high in
terms of material contribution. TFP growth played an important role
in some sectors, which includes electrical and optical equipment,
chemical and chemical products, food products, beverages and
tobacco, financial services, and agriculture. In particular, the first
three industries registered 8 to 10 percent productivity growth in the
1980s.

The picture changed substantially in the 1990s, where TFP growth
almost vanished in a large number of manufacturing sectors, while
some service sectors like post and telecom showed high productivity
growth. There was no industry that registered a TFP growth of the
similar magnitude that was witnessed in fast growing sectors like
electrical and optical equipment and chemical and chemical products
in the 1980s. Moreover, the role of capital also increased substantially
across all the service sectors, while manufacturing output growth was
largely material driven. Electrical and optical manufacturing, transport
equipment, wood and wood products, and chemical and chemical
products had the highest material contribution among the twenty-six
industry groups.

–7.00–2.00 3.00 8.00 13.00
Agriculture

Mining
Food

Textile and leather
Wood
Paper

Coke, petroleum
Chemical products

Rubber and plastics
Non-metallic mineral

Metal and metal products
Machinery

Electricals and electronics
Transport equipment
Other manufacturing

Utilities
Construction

Trade
Hotels and restaurants
Transport and storage

Post and telecom
Financial service

Public administration
Education

Health and social work
Other services

1981–1990

TFPG Labor Capital Intermediates

–10.00 0.00 10.00 20.00

1992–1999

–7.00 3.00 13.00 23.00

2000–2011

Figure 7.2 Decomposition of output growth into contribution from factor
inputs and TFP growth, twenty-six industries, 1980–2011
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Table 7.4 Sectoral total factor productivity using value added function and value added/output ratio

Total factor productivity growth (value
added based) Value added/output ratio

1981–1990 1992–1999 2000–2011 1981–1990 1992–1999 2000–2011

Agriculture, hunting, forestry, and fishing 1.6 2.2 1.2 0.72 0.75 0.76
Mining and quarrying −1.5 2.3 −4.5 0.75 0.74 0.77
Food products, beverages, and tobacco 8.0 −1.8 5.2 0.19 0.19 0.15
Textiles, textile products, leather, and
footwear

−1.5 0.3 6.1 0.31 0.29 0.25

Wood and products of wood −2.2 −20.3 −2.5 0.43 0.47 0.39
Pulp, paper, paper products, printing, and
publishing

5.0 −2.6 5.7 0.28 0.26 0.24

Coke, refined petroleum products, and nuclear
fuel

7.5 −16.0 1.9 0.09 0.14 0.14

Chemicals and chemical products 9.8 −6.3 7.5 0.19 0.22 0.22
Rubber and plastic products −0.6 −4.8 8.6 0.23 0.20 0.17
Other non-metallic mineral products 1.7 1.0 −0.9 0.36 0.33 0.31
Basic metals and fabricated metal products −1.1 2.7 −5.0 0.23 0.22 0.19
Machinery, nec. 3.7 4.7 1.8 0.27 0.24 0.26
Electrical and optical equipment 10.1 2.8 4.7 0.27 0.22 0.21
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Table 7.4 (cont.)

Total factor productivity growth (value
added based) Value added/output ratio

1981–1990 1992–1999 2000–2011 1981–1990 1992–1999 2000–2011

Transport equipment 0.0 4.7 7.2 0.21 0.17 0.18
Manufacturing, nec; recycling 7.8 5.0 −6.5 0.46 0.36 0.21
Electricity, gas, and water supply 3.0 4.5 4.5 0.39 0.36 0.38
Construction −7.5 −4.4 −3.5 0.34 0.34 0.34
Wholesale and retail trade 0.4 2.4 2.6 0.71 0.79 0.84
Hotels and restaurants −4.3 6.6 4.3 0.30 0.34 0.33
Transport and storage −2.2 −0.2 3.2 0.48 0.45 0.42
Post and telecommunication −2.2 5.5 17.7 0.83 0.84 0.78
Financial services 2.7 1.1 4.0 0.81 0.81 0.80
Public administration and defense 2.6 5.3 5.4 0.73 0.73 0.74
Education 0.6 0.1 −4.8 0.86 0.88 0.89
Health and social work −2.5 0.6 −7.0 0.38 0.51 0.62
Other services 3.4 2.4 −1.7 0.80 0.81 0.79

Note: TFP growth in this table is based on value added function (equation 1). The gross output based TFP growth presented in Figure 7.2 is the
product of TFP growth presented in the first three columns here, and the value added/output ratio given in the last three columns (see equation 3).
Source: Author calculation using India KLEMS data.
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In the 2000s, the economy started regaining productivity growth in
some sectors, with market services being the largest recipient. In
particular, post and telecom and financial intermediation sectors
had registered high TFP growth, while non-market sectors education,
health, and other services had negative TFP growth. The manufactur-
ing sector seemed to be moving out of the negative TFP growth
territory in the 2000s, with most sectors except wood and wood
products, other non-metallic minerals, and other manufacturing,
registering a positive TFP growth. Nevertheless, the relative role of
materials in driving output growth is dominant, and the role of capital
is less than what is seen in the service sector. In general employment
contributions were larger in the financial service, post and telecom,
public administration, education, and construction sectors during all
the three periods.

Thus, in general, output growth in the Indian economy, particularly
in goods producing sectors, is heavily material driven. This is not
surprising, given the material intensity of these sectors, compared
to, for instance, most services sectors. There is, nevertheless, clear
indication that the market economy in general has witnessed an
improvement in TFP in the post-2000 period. Moreover, the increas-
ing intermediates’ contribution could also be a reflection of increased
outsourcing and vertical specialization of trade. As is shown by the
recent World Input–Output Database (Timmer et al. 2015, see also
Chapter 15 in this volume), the imported intermediate content of
India’s export has been increasing steadily since 1995, and in parti-
cular in the 2000s, which might suggest the increased use of inter-
mediate inputs to increase output and exports. This aspect, however,
requires further examination, which is beyond the scope of this
chapter.

While the sectoral productivity growth rates provided in Table 7.4
and Figure 7.2 are insightful and informative on the performance of
individual industries, it is hard to get a visual image of the pattern of
productivity growth across industries – whether it is concentrated in
some specific sectors or widespread across the board. To understand
how widespread productivity growth and its changes are within the
Indian economy during the last three decades, we use the Harberger
diagram (Harberger 1998). The Harberger diagram, which plots the
cumulative contribution of industries to aggregate productivity growth
against the cumulative share of these industries, provides a graphical
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summary of the industry pattern of productivity growth (Timmer et al.
2010).27

Figure 7.3 provides the Harberger diagrams for the three periods.
Further, in Table 7.5 we provide the pattern of aggregate economy TFP
growth over the three sub-periods, using useful summary statistics
from Harberger diagram (see Inklaar and Timmer 2007). The first
row of the table suggests a picture of stagnant productivity growth in
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Figure 7.3 Harberger diagrams of aggregate total factor productivity growth
in the Indian economy

27 To plot the Harberger diagrams, we first rank the industries according to their
TFP growth. Then the cumulative contribution of industries (i.e. the share
weighted TFP growth of each sector) is plotted against the cumulative shares of
these industries (Timmer et al. 2010; Harberger 1998). The resulting curve,
which is concave in shape, tells us how equal the distribution of productivity
growth across industries is. The area under the curve will be less if growth is
broad-based (“yeast-like” pattern), and it will be larger if the growth is
concentrated in a few sectors (‘mushroom-like” pattern).
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the Indian economy over years, which stayed at a range of 1.2% to
1.4%. However, the number of industries with positive TFP growth
has increased in the post-liberalization period. Before the liberalization
regime, there were about 62% of industries with positive TFP growth,
which has increased to 69% during the 1990s (also see the next
section). However, in the 2000s, this declined again to 65%, still
being higher than the 1980s. Thus even when more industries were
registering positive TFP growth, aggregate TFP growth does not seem
to be increasing faster. This is because the relative size of these indus-
tries in aggregate GDP in the 2000s is lower than it was in the 1980s,
though it was about 5%higher in the 1990s. As evident from the figure,
while the positive contributions from industry TFP growth to aggregate
TFP growth added up to 1.8 percentage points in 1980s, it added up to
2.1 and 2.4 percentage points respectively in the 1990s and 2000s.
The negative contributions added up to –0.7 percentage point in both
the 1980s and 1990s and up to –1.1 percentage points in the 2000s,
pulling down aggregate TFP growth.

The last row of the table shows the area under Harberger – the area
between the curve and the dotted line in the figure – which will take
a value between 0 and 1, with it being zero when all industries have
equal growth. The closer the relative area to one, themore divergent the
growth rates across industries. The relative area did not change in the
2000s compared to the 1980s, whereas it increased marginally in
1990s. Even though there is no substantial difference in the relative

Table 7.5 Pattern of aggregate economy TFP growth, 1981–2011

1981–1990 1992–1999 2000–2011

Aggregate TFP growth 1.2 1.4 1.2
Percentage of industries with
positive TFP growth

61.5 69.2 65.4

Value added share of industries
with positive TFP growth

77.7 83.1 68.1

Relative area under Harberger 0.55 0.59 0.55

Note: Value added-based TFP growth aggregated using value added shares. Relative
area under Harberger is the curvature measured by the area between the diagram and
the diagonal line (dotted line in Figure 7.3) divided by the total area below the
diagram.
Source: Author calculation using India KLEMS data.
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area statistics between three decades, this pattern is suggestive of
a relatively more uneven growth in the 1990s compared to the 1980s
and 2000s. TFP growth was not broad-based, rather it seem to have
becomemore “mushroom-like” (i.e. being concentrated in a few indus-
tries), rather than “yeast-like” (i.e. being spread across all industries).

7.6 Productivity under policy regimes: a discussion

India’s economic policy regime since independence to the present time
has been a mix of socialism and market experimentation followed by
an open economy (see Virmani 2004). Out of the several policy reforms
initiated, two stand out in the context of productivity improvements.
They are the domestic industrial deregulations and the external trade
reforms, as these potentially allow firms a level playing ground to face
international competition and in turn become globally competitive.
In Figure 7.4, we look into the specific industries which performed
better in 2000s compared to the 1990s. We distinguish between:
(1) positive TFP growth in the 1990s as well as the 2000s; (2) positive
TFP growth in 2000 only; (3) negative TFP growth in both the 1990s
and the 2000s; and (4) positive TFP growth in the 1990s only.

We find that nine out of twenty-six industries had positive produc-
tivity growth both in the 1990s and the 2000s, with five of them being
in the service sector, and within which post and telecommunication
being the best performer. The telecommunication sector has been
a national development priority since the 1980s. Whereas the 1980s
was a period of state dominance and administrated prices, telecom
services (and the service sector in general) in India witnessed massive
liberalization with increased role for private sector and foreign parti-
cipation in the post-1990s. Significant reforms took place in 1984,
1999, and the 2000s, including delicensing of telecom equipment
manufacturing.28 The sector seems to have benefitted from these poli-
cies; we see a productivity growth that outpaces many other sectors.

28 These reforms include: allowing foreign collaboration, setting up of a national
telecom policy in 1994, opening up of value added services to private and foreign
players, setting up of the Telecom Regulatory Authority of India in 1997 to
separate regulatory functions from policy-making, allowing multiple fixed
services operator and opening domestic long distance services to private
operators in 1999, a broad band policy initiative in 2004, regulation on quality
of service introduced in 2006, and allowing increased FDI participation in
telecom services in 2012.
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Other industries that registered positive productivity growth in both
periods include financial services, trade, hotels and restaurants (all
service sectors), electrical and optical equipment, transport equipment
and machinery (manufacturing), and agriculture (Figure 7.4). Though
the core of economic reforms of 1991 centered on trade and industrial
policy changes, significant changes were also introduced aiming to
create a competitive and efficient financial sector.29 The reforms put
in place envisaged to take care of the fiscal deficit issues through
augmenting revenues by removing anomalies in the tax structure
through restructuring, simplification, and rationalization of both direct
and indirect taxes. Aiming to create a competitive as well as efficient
financial sector, several reforms were also introduced in the debt and
securities markets as well as in the banking and insurance sectors.
Historically, banking sector in India has been highly state dominated,
ever since the banks were nationalized in 1969. This picture started
changing drastically, as several reforms, varying from liberalization of
the sector in the mid-1990s to allowing increased foreign participation
in the early 2000s, were introduced to enhance competition in the
sector. Similar reforms were also introduced in the insurance sector,
even though at a slower pace. Indeed, these policies have helped the
sector gain substantial productivity improvement. However many
issues still remain for policy advocacy, which includes promoting com-
petition, bringing financial stability, and strengthening inter-regulatory
coordination (Krishnan 2011).

Apparently, the manufacturing industries that gained productivity
growth in the post-reform period are primarily equipment produ-
cing industries, including the ICT goods producing sector. It is
important to point out here that these sectors were beneficiaries of
delicensing, broad banding, capacity reendorsements, and scale
expansions announced in the India’s industrial policy reforms of
the mid-1980s and further liberalization in the 1990s.30 The deli-
censing announced in the mid-1980s encompassed industries such
as machinery and machine tools, electronics, electronic components,
iron and steel, automotive components, and drugs and chemicals.

29 See Mohan (2006) for a list of several policy measures advocated for reforms in
banking, the government securities market, and foreign exchange markets as
well as a monetary policy framework.

30 See Government of India (1986).
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In terms of trade policy, the tariff levels in the 1980s remained high
across all product groups. Indeed, the substantial tariff reforms in
the 1990s along with removal of import restrictions on many of
these industries have paved the way for productivity improvements
in both the 1990s and 2000s.

The sectors in category 2, with positive productivity growth in
2000s, even though they had negative growth in the 1990s, include
petroleum, chemicals, rubber and plastics, paper and paper products,
and the only service sector in this group, transport and storage.
Transport services, in particular air transportation, were opened to
private players in the late 1990s, and apparently its impact on produc-
tivity seems to have appeared in the 2000s. India’s airline industry has
been predominantly a government monopoly until 1986, the year in
which private participation was allowed in the sector and a limited
number of players entered the market. With the Air Corporation Act
1994, and the subsequent massive entry of several low-cost service
providers in 2003, the industry has seen fierce competition, which
might have also helped the transport sector in general to acquire better
productivity growth in 2000s.

Despite being in the list of industries subjected to delicensing, and
exposed to trade liberalization, sectors like chemicals did not even see
a positive productivity growth in the 1990s. It often seems that trade
liberalization takes time to result in efficiency of firms as benefits of
tariff reductions and import restrictions facilitates access to technology
embodied in imported inputs as well as better imported inputs them-
selves (Das 2005).31 Indeed these industries, which moved out of the
negative territory in 1990s to positive TFP growth in the 2000s, along
with transport equipment, electrical and optical equipment, and
machinery and textiles, which maintained their positive TFP growth
in both decades, helped the overall manufacturing sector register an
improved productivity growth in the 2000s.

Two sectors that have witnessed negative productivity growth in
both the 1990s and the 2000s (category 3) are construction and wood
products. The construction sector is particularly interesting, because
this is the sector that absorbed a large chunk of workers moving out of
agriculture. The share of construction in total employment has

31 Also see Topalova and Khandelwal (2011) and Chand and Sen (2002) for
evidence on a lagged impact of policy changes on productivity growth.
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increased from amere 2% in 1980 to 3% in 1990, to 5% in 2000, and
further to 10% in 2011. In contrast, its output share has increased
from 5% in 1980 to only 8% in 2011, thus suggesting that its employ-
ment share has surpassed its output share. On average nearly half of
the additional employment generated in the Indian economy between
2000 and 2011 is in the construction sector. There have been about
73 million more workers in the Indian economy in 2011, compared to
1999, out of which 32 million jobs were created in construction
sector, thus driving down average productivity.32

The industries in group 4, registering positive productivity growth in
the 1990s, but negative TFP growth in the 2000s are non-metallic
minerals, basic metals and metal products, other manufacturing, and
all non-market sectors except public administration and defense.
Interestingly, one of the manufacturing sectors that lost the productiv-
ity momentum in the 1990s – basic metals and metal products – is one
to which the post-independence policy reforms have given substantial
importance, though it was not given any special importance in the later
liberal policy reforms. Since a productivity analysis in the non-market
sectors may not be very helpful, one may not give significant impor-
tance to the observed decline in its productivity in the 1990s. Yet, it
may be noted that two major sectors within this group – health and
education – in India needs to be enhanced in order to improve India’s
human capital, and thereby to improve productivity in other sectors
(see our discussion below).

Thus, defying the growth path followed by countries like China,
Japan, or South Korea, much of the growth and productivity in India
has been in the service sector. This service output expansion,
however, did not generate proportional employment growth.
Given a large demographic dividend and a vast majority of its popu-
lation still not high-skilled, one may doubt the ability of the Indian
economy to sustain this service-led economic growth in the longer
run.33 This warrants particular attention, as most service sector
industries that witnessed acceleration in productivity and growth

32 Other notable sectors where jobs were created are other services (17million) and
trade (10 million), with agriculture losing about 14 million jobs. The entire
manufacturing sector added only 10 million jobs, with the highest being in other
manufacturing (2.7 million) and textiles (2 million).

33 India’s working age population is projected to increase while that of China will
stagnate in the next two decades (UN population division).
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are skill-intensive sectors such as telecommunication, financial ser-
vices, and non-market sectors like public administration. The share
of tertiary educated working age population in India is a mere 6 per-
cent in 2010, which has increased only by 1 percent over a decade
(Barro and Lee, 2013). In fact, several recent quality and accessibility
indicators of education are suggesting mixed results. Most recent
economic surveys (2014–2015) acknowledge that the overall stan-
dard of the Indian education system is well below global standards,
and the learning levels have not improved. Even though the overall
school enrolment ratio has gone up, the survey suggests stagnation in
rural enrolment, decline in teacher–student ratios and in student
attendance in rural areas. Moreover, the share of the formally skilled
work force in India is as small as 2 percent, which is substantially
lower compared to 80–95 percent in countries like Japan and South
Korea (Government of India 2015). Therefore, if India does not
invest substantially in improving both quality of and accessibility to
education, it may fail in translating its demographic dividend into
growth.

Another possible consequence of the service-led growth, with
a shrinking manufacturing sector, would be a rise in wage inequality
across sectors, as the service sector pushes up wages of high skilled
workers, while a major chunk of (uneducated) work force still remains
at primary and secondary sectors (Drèze and Sen 2013). There is a huge
and increasing gap between the market services wage rate and the
manufacturing wage rate; the latter has steadily declined from 75 per-
cent of the former’s wage rate in 1980 to 55 percent in 2011. On the
contrary, if the increasing wages in the service sector lead to faster wage
growth in the manufacturing sector, it might affect India’s manufactur-
ing competitiveness. Indeed, the impact of raising wages on competi-
tiveness could be overcome only by achieving faster productivity
growth, and thereby reducing unit labor cost.

However, rigidities in the (formal) labor market, the presence of
a large informal sector, a weak infrastructure and insufficient energy
availability are adding challenges to achieving higher productivity
growth and job creation, particularly in the manufacturing sector.
The lack of job creation even within the labor intensive sectors
(Sen and Das 2014), along with the shrinking the organized manu-
facturing sector, clearly calls for substantial labor market reforms in
India, to reduce rigidities in the labor market that make formal firms
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shy away from expanding their activities. The inflexible labor regula-
tions, indeed, foster faster expansion of the informal sector of the
economy at the cost of a more productive and stable formal sector.34

Another major supply side constraint on India’s productivity growth
is its weak infrastructure and insufficient energy availability. India’s
infrastructure spending has been relatively low at about 5 percent
(with private sector spending even lower at 1 percent) of GDP
(Planning Commission 2014; Mohan and Kapur, 2015), which is
only half of Chinese spending. Therefore, policies that would
help firms grow in size, modernization, and formalization of the
informal sector, better environment for foreign investment, and bet-
ter infrastructure, are among measures that would help the sector
perform better in terms of productivity, growth, and employment
generation.

7.7 Conclusions

This chapter attempted to explore the link between different policy
regimes prevalent in India and productivity performance of the econ-
omy. In particular, the productivity dynamics for the period
1980–2011 – a crucial period of substantial policy changes – was
examined from a policy perspective. Three different policy regimes
were identified: (1) 1980–1990, a phase of piecemeal and ad hoc
policy changes; (2) 1992–2000, a phase of major changes in eco-
nomic policy; and (3) 2001–2011, a period of consolidation of eco-
nomic reforms. The study was conducted at detailed industry level –
dividing the entire economy into twenty-six subsectors – thus trying
to understand the dynamics of policy effects at sectoral level. Using
the India KLEMS database and a growth accounting methodology,

34 As of 2011, within manufacturing, more than three-quarters of total
employment is generated in the unregistered sector, whereas it produces less than
only one-quarter of output (residual estimates based on India KLEMS total
manufacturing and Annual Survey of industries registered manufacturing data).
The story is not any different in the services sector. Depending upon the
definition one uses, the informal employment share in services varies from
74–90 percent in 2006 (Ghani et al. 2013). Moreover the informality of the
Indian economy has not shown any declining tendency. Rather, existing
estimates are suggestive of moderate increase over time (Joddar and Sakthivel
2006).
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we assessed the productivity performance of each of the individual
industrial as well as broad sectors during the different policy regimes.
Our analysis suggests that, indeed, the policy changes had substantial
impact on productivity and economic growth in India, though it is
still debatable whether the sectors that were intended to benefit from
the reforms have really gained or not. The underlying data used in
this study – the India KLEMS – is an important contribution to
empirical research and policy-making, as it can help researchers
better investigate India’s economic growth and the underlying
dynamics since the 1980s.

Overall, the Indian economy registered amoderate TFP growth rate
of 1.2 percent during 1980–2011 without much deviation from the
last three decadal averages. Market services seem to be the main
driver of productivity growth both in the 1990s and 2000s, whereas
agriculture, non-market services, and manufacturing all contributed
to productivity growth in the 1980s. However, the productivity per-
formance of the manufacturing sector, which showed a TFP growth
of 2.6 percent in the 2000s as against a negative TFP growth in the
1990s, is commendable in the light of widespread consolidation of
economic reforms initiated in the 1990s. For the manufacturing
sector, the 1990s was a decade of factor accumulation and gradual
diffusion of technology. The widespread reforms in industrial and
trade policies in that period, however, seem to have contributed to
a surge in productivity growth in the 2000s. Yet, its declining share
in overall value added has reduced its overall role in boosting aggre-
gate productivity growth. While the manufacturing sector still
appears to be suffering from many policy constraints, several liberal-
ization policies in the 2000s seem to have helped market services gain
faster productivity growth. In particular, the telecom and financial
services sectors, which have witnessed several market enhancing
reforms, have shown impressive productivity performance.

Indeed, the removal of policy barriers in the mid-1980s and early
1990s in the form of bans, controls, and restrictions on production,
investment, and trade, have helped firms improve TFP growth as well
as factor input accumulation, especially capital input in several
sectors of the Indian economy. However there still remain many
barriers to overcome. While India’s agriculture is yet to be integrated
fully with the world markets, its manufacturing sector witnesses
many factor market inflexibilities and supply side constraints.
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As Bhagwati and Panagariya (2013) point out there is a clear need
for reforming the labor market in India, in order to promote manu-
facturing jobs, production, and export, by creating a competitive
product and factor market. Moreover, focusing on infrastructure
and energy efficiency is essential to ease many supply side
constraints.

Recently, there has been some discussion in the context of India’s
economic growth and its policy challenges, centering on whether to
focus on social sector spending first or on growth first. Drèze and Sen
(2013) advocate investment in social infrastructure to improve the
quality of life and also to raise productivity and growth, whereas
Bhagwati and Panagariya (2013) argue that growth can bring neces-
sary resources to improve the social sector, and therefore policies
should focus on achieving faster growth. It is quite obvious from
our results that India needs a balanced policy approach. Given that
the growth is concentrated in the services sector (of relatively high
skill intensity), which can ultimately push the overall wages up, it is
unlikely that India will be able to step into the Chinese style of low-
cost manufacturing. Focusing on productivity is essential to maintain
competitiveness and also create more jobs in the manufacturing sec-
tor. Even though it is highly acknowledged that the reallocation of
workers from primary to secondary and tertiary sectors are beneficial
for aggregate growth, reallocation of the labor force from primary to
other sectors in India will be highly constrained by the lack of appro-
priate skill, whichmakes workers with lowmarginal productivity stay
in the farm sector or move to less skill intensive sectors like construc-
tion. The only way to raise productivity and growth is therefore to
improve quality of and accessibility to education, and thereby
improve its human capital, which, however, should not be at the
cost of policies aimed at achieving economic growth. Improved
human capital would ultimately facilitate the availability of appro-
priate skills required by the rapidly expanding service sector as well.
Most of today’s advanced economies benefitted from better human
capital endowment, and most countries that sustained long-term high
growth were supported by a solid manufacturing sector. It is clear that
what India needs is a balanced policy perspective, which focuses on
improving its human capital, and creating opportunities for its
younger population by focusing on economic growth, particularly in
the manufacturing sector.
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Appendix Table 7.1 Classification of industries

KLEMS description ISIC 3.1

Agriculture, hunting, forestry, and fishing A to B
Manufacturing* D
High labor intensive
Food products, beverages, and tobacco 15 to 16
Textiles, textile products, leather, and footwear 17 to 19
Wood and products of wood 20
Other non-metallic mineral products 26
Manufacturing, nec; recycling 36 to 37

Medium labor intensive
Rubber and plastic products 25
Basic metals and fabricated metal products 27 to 28
Machinery, nec. 29
Electrical and optical equipment 30 to 33

Low labor intensive
Pulp, paper, paper products, printing, and publishing 21 to 22
Coke, refined petroleum products, and nuclear fuel 23
Chemicals and chemical products 24
Transport equipment 34 to 35

Non-manufacturing industries
Mining and quarrying C
Electricity, gas, and water supply E
Construction F

Services
Market services
Wholesale and retail trade G
Hotels and restaurants H
Transport and storage 60 to 63
Post and telecommunication 64
Financial services J

Non-market services
Public administration and defense L
Education M
Health and social work N
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8 Is mining fuelling long-run growth in
Russia? Industry productivity growth
trends in 1995–2012
marcel p. timmer and ilya b.
voskoboynikov

8.1 Introduction

GDP per capita growth in Russia has been among the highest in the
world since the mid-1990s, averaging 3.7 percent annually between
1995 and 2012.1,2 For this reason it is occasionally clubbed together
with other fast growing economies such as Brazil, China, and India into
BRIC, and set against the European Union, Japan and the United States
where growth is sluggish. As such,Russian economic development today
is seen as yet another successful transition from a command to a market

1 The Conference Board Total Economy Database™, January 2013. See: www.co
nference-board.org/data/economydatabase.

2 This chapter is an adaptation of our paper “Is Mining Fuelling Long-run Growth
in Russia? (Timmer and Voskoboynikov 2014). The original paper has been
shortened, results updated, and new information on the educational attainment
level of workers added. Acknowledgement to Dale Jorgenson and Rostislav
Kapeliushnikov for their useful comments and suggestions.

This chapter is the outcome of six years of working on Russia KLEMS project.
Many economists and statisticians contributed to the development of the dataset.
The system of real added value indicators is based on the industrial production
indices, which have been developed since the early 1990s by Eduard Baranov and
Vladimir Bessonov. At all stages of working on this chapter the project has been
professionally supported by Vladimir Gimpelson and Rostislav Kapelyushnikov
from the HSE Centre for Labour Market Studies, leading experts in the Russian
labor market and Russian labor statistics with strong international backgrounds.
They helped to reveal and solve many questions on the dynamics of labor costs in
industry. The project wouldn’t have been realized without organizational and
methodical support from the Federal State Statistics Service on different levels –
from management to ordinary staff members, responsible for calculating certain
indicators. We would like to specially mention statisticians who have worked in
the National Accounts Office – Mikhail Gordonov, Liudmila Kochneva, Irina
Masakova, and Galina Romashkina. They explained the specifics of official
statistics of investment and capital assets, and made a big contribution to solving
the most difficult tasks of the project. Last, but not least, we thank our colleagues
from Groningen Growth and Development Centre, in particular Robert Inklaar
and Reitze Gouma.
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economy. This is a dramatic change of fortune. In the past Soviet
economic performance was highlighted as a typical example of extensive
growth, driven by high investment and labor input growth, with little
improvements in technology and efficiency (Ofer 1987; Krugman 1994).
But with the introduction of a market economy in early 1990s, it was
expected that growth would become intensive, relying on improvements
in productivity rather than input growth. Through the elimination of
multiple price distortions of the planned economy, a better allocation of
inputs among industries and increasing incentives for firms to diminish
real costs of production, productivity should become the main driver of
growth (Campos and Coricelli 2002). These benefits were not realized
immediately, and as is well known the Russian transition triggered a
deep crisis that finally bottomed out in the mid-1990s (see Figure 8.1).
But since then, the trend in growth picked up and the benefits from the
market economy seem to befinally realized, akin to the success of various
other formerly planned economies in Eastern Europe (Fernandes 2009;
Havlik, Leitner, and Stehrer 2012) and China.

Recent growth accounting studies of Russia confirm this view and find
that growthwasmainly driven by improvements in the efficiency of input
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Figure 8.1 Long-run growth of the Russian economy, 1961–2019
Source: 1961–1990 – (Ponomarenko 2002); 1991–2013 – the Russian statistical
office (Rosstat), 2014–2019 – Projection of International Monetary Fund,
World Economic Outlook Database, October 2014.
Note: Vertical lines correspond to the following years : 1995, 2002, 2008, and
2012.
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use, as measured by multi-factor productivity (MFP) growth, rather than
growth in labor and capital inputs. Entov and Lugovoy (2013),
Jorgenson and Vu (2013) and Kuboniwa (2011) all find that MFP
growth was (much) higher than input growth in the period from about
1995 to 2008. Izyumov and Vahaly (2008) find that input growth is even
negative in this period, and all output growth is due to MFP growth.
These findings are consistent, despite the wide variety of methods and
data used (as will be discussed in more detail below). And compared to a
large set of developed and developing countries, RussianMFP growth of
around 5 percent annually since themid 1990s appeared to be among the
highest in the world (Jorgenson and Vu 2011). This supports the view
that Russia managed to switch from an extensive input-driven to an
intensive productivity-driven growth trajectory.

There is another strand of the literature however, that emphasizes
the important role of tradable natural resources in Russian growth. It
suggests that Russian growth is mainly driven by the windfall profits
made through soaring oil and gas prices in the past fifteen years.3 These
profits fuelled an investment boom in sectors such as mining and
ancillary services, which were considered to be neither particularly
innovative nor efficient. These more qualitative studies refer to the
increasing share of the mining sector in total investments and gross
domestic product (GDP) and maintain that Russian growth is still
extensive, rather than driven by productivity improvements.

In this study we aim to contribute to this debate and analyze for the
first time the drivers of Russian growth at a detailed industry-level. We
develop a new and consistent set of output and input measures for
thirty-four industries for the period 1995 to 2012, taking into account
revisions in the National Accounts Statistics, changes of industrial
classifications, measurement issues of labor and capital, and estimates
of factor shares in value added.We pay in particular attention to derive
a proper measure of capital services in the tradition of Jorgenson,
Gollop, and Fraumeni (1987), instead of using stock measures that
dominate previous research, and discuss the importance of properly
accounting for depreciation and rental prices. We show that the use of
the capital services concept is not only theoretically to be preferred, but
also empirically matters, as it qualifies the previous growth accounting
findings.

3 See e.g. Connolly (2011).
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Based on these improved input measures, we find that Russian
growth since 1995 is driven as much by input growth as by MFP
growth. As such our study is comparable in spirit to the studies by
Alwyn Young on East Asia (1995) and on China (2003) where he
showed that a proper accounting for quantity and quality of inputs
leads to considerably lower estimates of MFP growth compared to
analysis based on raw unadjusted series. Our second contribution is
that we trace the slow productivity performance to a limited set of
industries, namely mining and retailing, where growth was particularly
driven by capital inputs. These industries increased shares in GDP, and
the mining sector accounted for more than a quarter of GDP in 2012.
On the other hand, intensive growth took place inmanymanufacturing
industries, but their share in GDP declined. Russian high-tech produc-
tion was well developed before transition but did not survive the
competition from high-quality imported products, while low-tech
manufacturing suffered from low-cost competition from Asia.
Various modern market services expanded in Russia and showed
high MFP growth. These sectors were particularly underdeveloped in
the 1990s, and much of this growth was through catching-up.

The rest of the chapter is organized as follows. In the next section
we briefly outline the growth accounting methodology used in this study
and discuss our reasons to opt for an ex post external rate of return
approach to capital measurement. In Section 8.3 we discuss the various
data challenges to be faced when attempting a growth account based on
official Russian statistics. We highlight deficiencies in the official data
and how we dealt with those. Comparisons with previous studies are
made as well. Growth accounting results at the aggregate and industry
levels are discussed in Section 8.4. Section 8.5 concludes.

8.2 Growth accounting method

To analyze the sources of Russian growth we will use the standard
growth accounting methodology which allows a breakdown of output
growth rates into a weighted average of growth in various inputs and
productivity change (see Schreyer 2001 for an overview).We follow the
representation of value added-based industrial growth accounting of
Jorgenson, Ho and Stiroh (2005, ch. 8).

The quantity of value added Zj

! "
in industry jmay be represented as

the function of capital services, labor services and technology as
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Zj¼ gj Kj;Lj;T
! "

: ð1Þ

Assuming a translog production function, competitive markets for
inputs and constant returns to scale the change in multifactor produc-
tivity Aj

! "
is defined as

DlnAj≡ DlnZj $ vZK;jDlnKj $ vZL;jDlnLj ð2Þ

where vZ°;j is the period-average share of the input in the nominal value
added. The value shares of capital and labor are defined as follows:

vZK;j¼
pKj Kj

pZj Zj
; vZL;j¼

pLj Lj

pZj Zj
ð3Þ

such that they sum to unity. Rearranging equation (2), industry value
added growth can be decomposed into the contributions of capital,
labor and MFP:

DlnZj¼ vZK;jDlnKj þ vZL;jDlnLj þ DlnAj: ð4Þ

This decomposition is performed at the industry level and aggregate
results are derived by using the direct aggregation across industries
approach (Jorgenson et al. 2005). Then the volume growth of GDP is
defined as a Törnqvist weighted average of value added growth in
industries as follows

DlnZ≡
X

j
vGDP
Z;j & DlnZj ð5Þ

where vGDP
Z;j is the average share of value added of industry j in GDP.

Substituting (4) in (5) gives

DlnZ ¼
X

j
vGDP
Z;j & vZK;j & DlnKj þ

X
j
vGDP
Z;j & vZL;j & DlnLj

þ
X

j
vGDP
Z;j &DlnAj ð6Þ

This equation allows decomposition of GDP growth rates by
contributions of factors and MFP growth in industries.

In this chapter we pay particular attention to the measurement of
capital, given the various difficulties and uncertainties in deriving a
proper empirical measure in the Russian context. Here we outline our
theoretical approach and in the next section the empirical implementa-
tion. Following the growth accounting tradition, we measure capital
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input as a flow of capital services which takes into account the different
marginal productivities of various asset types. Aggregate capital input
in industry j (Kj) is defined as a Törnqvist volume index of individual
capital assets stocks as:

DlnKj¼
X

k

vKk;jDlnKk;j ð7Þ

where DlnKk;j indicates the volume growth of capital stock of asset k.
Assets are weighted by the period average shares of each type in the
value of capital compensation given by

vKk;j¼
pKk;jKk;j

pKj Kj
ð8Þ

such that the sum of shares over all capital types add to unity. The
estimation of the compensation share of each asset is related to the user
cost of each asset. The rental price of capital services pKk;t reflects the
price at which the investor is indifferent between buying and renting the
capital good for a one-year lease in the rental market. In the absence of
taxation the familiar cost-of-capital equation is given by:

pKk;j;t ¼ pIk;j;t$ 1ij;t þ δkp
I
k;j;t $ pIk;j;t $ pIk;j;t$ 1

# $
ð9Þ

with ij;t representing the nominal rate of return in industry j, δk the
depreciation rate of asset type k, and pIk;t the investment price of asset
type k. This formula shows that the rental fee is determined by the
nominal rate of return, the rate of economic depreciation and an asset-
specific capital gain.4

The literature is divided on the question of how to measure the rate
of return, both on theoretical and empirical grounds. Following the
neo-classical theory underlying growth accounting, the nominal rate of
return is determined ex-post in the so-called endogenous approach
(Jorgenson et al. 2005). It is assumed that the total value of capital
services for each industry equals its compensation for all assets. This
procedure yields an internal rate of return that exhausts capital income
and is consistent with constant returns to scale. This nominal rate of

4 Ideally taxes should be included to account for differences in tax treatment of the
different asset types and different legal forms (household, corporate and non-
corporate). However this refinement would require data on capital tax
allowances and rates which is beyond the scope of this study.
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return is the same for all assets in an industry, but is allowed to vary
across industries, and is derived as a residual as follows:

ij;t ¼
pKj;tKj;t þ

X

k

pIk;j;t $ pIk;j;t$ 1

# $
Kk;j;t $

X

k

pIk;j;tδk;jKk;j;t

X

k

pIk;j;t$ 1Kk;j;t

ð10Þ

where the first term pKj;tKj;t is the capital compensation in industry j,
which is derived as value added minus the compensation of labor.

The theoretical basis for the Jorgenson-type implementation of user
cost is fairly restrictive though, relying among others on perfect fore-
sight of investment returns. Balk (2010) provides a defense of the ex-
ante approach which is considered to be independent of neo-classical
theory. Also Oulton (2007) argues that the ex-post approach which
assumes a single appropriate rate of return for all assets does not do full
justice to a world with many assets.5 For a proper empirical implemen-
tation of the ex-post approach all assets in the economy have to be
covered and capital income should be accurately measured.
Measurement error in any of these will in part show up in variation
of the internal rate of return, and hence impact MFP measures.6 The
main reason to opt for an ex-post rate of return nevertheless is that it
provides a method to take into account changes in capital utilization
rates, which is of particular importance for an analysis of Russian
growth from 1995 to 2012 which was a typical boom period. In
1998, Russia was at the trough of a severe crisis (see Figure 8.1) and
obviously utilization rates increased rapidly afterwards. This increase
should be accounted for in our input measures as we are interested in
MFP as a measure of technological change, and almost all previous
growth accounting studies attempt to deal with this one way or the
other (see next section).7

5 He ends up advocating a hybrid approach that uses an external rate of return to
aggregate across different capital assets and an internal rate of return to determine
the overall output elasticity of capital in the calculation of MFP.

6 See Diewert (2008) and Schreyer (2009) for a more extensive discussion of these
topics.

7 Schreyer (2009) notes that if one is interested in MFP as a measure of real cost
reduction, improvements in the utilization of capital capacitymight be considered
as a part of MFP growth and not capital input growth. An ex-ante approach
would fit this interpretation.

Is mining fuelling long-run growth in Russia? 287

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.008
https://www.cambridge.org/core


We opt to deal with this through the ex-post approach. Berndt
and Fuss (1986) showed that by treating capital as a quasi-fixed
input, the income accruing to it is correctly measured in the
approach outlined above, which would make a separate adjustment
to the capital input measure superfluous. Hulten (1986) elucidated
this theoretical result and highlights the conceptual problems of
defining and measuring capital utilization rates as opposed to
capacity utilization. He also shows that the theoretical result of
Berndt and Fuss (1986) was derived under rather strict assump-
tions which do not necessarily hold in practice. Therefore our MFP
measure might still (partially) include the effects of improved capa-
city utilization and only an econometric approach will be able to
separate it out, see Hulten (1986) for further discussion.8 Timmer
and Voskoboynikov (2014) also provide some growth accounting
results based on an ex-ante approach and show that the main
conclusions of this study are not dependent on this choice of
method.

Finally, aggregate labor input Lj is defined as a Törnqvist volume
index of hours worked by individual labor types as follows:

DlnLj¼
X

l

vLl;jDlnHl;j ð11Þ

with weights given by

vLl;j¼
pLl;jHl;j

pLj Lj
ð12Þ

where DlnHl;j shows the hours worked growth by labor type l and
weights are given by the period average shares of each type in the value
of labor compensation, such that the sum of shares over all labor types
add to unity. Because of the assumption that marginal revenues are
equal tomarginal costs, the weighting procedure guarantees that inputs
which have a higher price also have a larger contribution to the input
index. So for example a doubling of hours worked by a high-skilled
worker gets a bigger weight than a doubling of hours worked by a
low-skilled worker.

8 Examples of such work include Beaulieu and Mattey (1998) or Basu and Fernald
(2001).
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8.3 Data sources and choices

This chapter is based on a newly developed detailed dataset of real
value added, labor, and capital for thirty-four industries for the period
from 1995 to 2012 in the international classification NACE 1.0
(Voskoboynikov 2012). The dataset includes longer and more detailed
time series of industrial output and labor than available both in the
literature and in the official statistics. Detailed data of output for
industries in an international industrial classification, which cover the
total economy, has become available in official publications of the
Russian statistical office (Rosstat) only recently, whereas detailed series
of labor and capital have never been issued.9 In comparison with the
extant literature, our measures of capital and labor are more detailed,
cover a longer period, and have a better theoretical foundation. In this
section we discuss our choices for the data sources and methods, and
compare those with the previous growth accounting literature on
Russia. In section 8.3.1 we discuss sources for value added and labor
input, and in section 8.3.2 capital input. In general, our choices lead to
higher estimates of the contribution of capital to growth and conse-
quently lower estimates of MFP than the extant literature.

Althoughwe use this new database for a growth accounting exercise,
it serves many other application of economic analysis, in particular
when used in conjunction with comparable data for other countries.10

8.3.1 Output and labor input series

A key concern when dealing with statistics from formerly centrally
planned economies is the quality of the official data. Canonical pre-
requisites for industry growth accounting are a set of consistent data on
labor and capital inputs and outputs within the System of National
Accounts (SNA) framework.11 SNA is the international standard of

9 For convenience all sources published by the Russian statistical office are
referenced as Rosstat in spite of the fact that the official name of the Russian/
Soviet statistical office has been changing over time.

10 The first release of Russia KLEMS data was issued in July 2013, covered the
period from 1995 to 2009, and is available on the World KLEMS website
(www.worldklems.net). This study is based on a preliminary version of the
second release, posted in September 2016. In this release the series are extended
until 2012 and the index of labor composition is added.

11 Schreyer 2001; Jorgenson et al. 2005.

Is mining fuelling long-run growth in Russia? 289

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.008
https://www.cambridge.org/core


measures of economic activity, which amounts to a coherent and con-
sistent set of macro-economic accounts of sources and uses of national
income. However, in case of Russia some of these elements are not
consistent with each other, whereas others only recently exist in the
official statistics. SNA was introduced in Russia in early 1990s, sub-
stituting for the old Soviet national income accounting called the
Material Product System (MPS).12 But this process was slow and
even nowadays some rudiments of theMPS have survived in the system
of national statistics. This coexistence creates conceptual inconsisten-
cies between different blocks of the Russian statistical system.13 In
contrast with the National Accounting Statistics (NAS), such primary
sources as regular firms and households surveys in many aspects are
well developed and have been collected for decades. Detailed data of
primary sources in many cases is published and may be used to fill gaps
in NAS statistics, improving official data for the purpose of detailed
industrial growth accounting. The industrial classificationwas changed
in 2003. The old industrial classification was introduced in the period
of planned economy and made up within MPS, and inconsistent with
any international classification (Masakova 2006). It was supplanted by
a new classification in 2003, but Rosstat did not revise industry-level
series in NAS back before 2002 in the new classification. We briefly
discuss how we dealt with three major data hurdles issues and relegate
interested readers for more details to Voskoboynikov (2012). These
are: linking of industries across the old and new classification,measuring
labor input, and measuring the labor share in value added.

To construct real value added series we had to bridge the change in
industrial classification. For years before 2003 the NAS industrial data
is available only in the old Soviet industrial classification, which is
inconsistent with the new one, or any other international one.14

12 In Soviet and Russian literature this system is called the Balance of National
Economy (Balans narodnogo khoziaĭstva). We use term the Material Product
System to provide consistency with the bulk of the literature in English.

13 Ivanov 1987, 2009; Ivanov, Rjabushkin, and Homenko 1993; Masakova 2006.
See also Entov and Lugovoy (2013) for a discussion in the context of growth
accounting.

14 The all-union classification of industries of the national economy is OKONKh
(Obshchesoiuznyĭ klassifikator “Otrasli narodnogo khoziaĭstva”) (Rosstat
1976). From now on the OKONKh classification will be mentioned as “the old
classification.” The new industrial classification, OKVED (Obshcherossiĭskiĭ
klassifikator vidov ėkonomicheskoĭ deiatel’nosti), coincides with NACE 1.0 to
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Nominal gross output values by industries in the new classification
before 2003 were obtained from Rosstat and were created within the
Russia KLEMS feasibility study project (Bessonov et al. 2008). This
dataset is an unpublished backcast estimation, which is based on the
detailed bridge between the old classification and the new one.
The bridge was compiled by Rosstat for 2003–2004, when primary
data were collected in the two classifications at the same time.15 To
obtain nominal value added in industries we multiply the gross output
of an industry to the corresponding value added – gross-output ratio.
These ratios were calculated for the industries in the old classification,
which were the closest counterparts of the industries in the new classifi-
cation with published data. The volume indices of gross output until
2002 are based on output volume indices for detailed products with
nominal gross output weights fixed in the new classification. The volume
indices of value added until 2002 are assumed to be equal to the volume
indices of output. This approach is justified by the fact that official
volume indices of values added are calculated on the basis of the same
set of physical volume indices of products as the indices of gross output.
The only difference between official gross output and value added
volume indices is in a different set of product weights.

Labor input is measured as hours worked and the labor composition
effect. For compilation of the hours worked series we use series from
the Balance of Labour Inputs which is consistent with the value
added numbers from NAS.16 It is available from 2005 onwards but
only at an aggregate one-digit industry level. To breakdown to a finer
industry detail and backcast the series before 2005 we rely on a combi-
nation of data from the Balance of Labour Force (BLF),17 and reports
of organizations of “the Full Circle” (FC),18 which include large,
medium, and small firms as well as various public administration

the four-digit level. OKVED/NACE 1.0 is mentioned as “the new industrial
classification.”

15 Corresponding methodology was developed by Eduard Baranov and Vladimir
Bessonov and implemented for backcast estimations of industrial output for the
Ministry of Economic Development of the Russian Federation (Bessonov et al.
2008). Detailed description of this methodology is available in (Bessonov 2005).

16 In Russian – Balans zatrat truda. Its description and methodology is available in
Rosstat (2006).

17 In Russian – Balans trudovykh resursov.
18 In Russian – Polnyĭ krug organizatsiĭ. Its comprehensive definition and

description is available in Vishnevskaya et al. (2002).
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organizations. The BLF is the oldest system of labor accounts and
used to be part of the MPS. It is based on FC with additional estima-
tions for self-employed and workers engaged in commercial produc-
tion in husbandries (Rosstat 1996; Rosstat 2003). FC contains more
detailed data than the BLF. For 2003 and later detailed industry
shares from BLF, and if necessary from FC, were applied to the
aggregate series from the Balance of Labor Inputs. Before 2003,
trends in BLF and FC at the corresponding industries were applied.
BLF and FC measure number of employees and we have to assume
that employee growth proxies for growth in hours. Details on the
construction of labor series can be found in Voskoboynikov (2012,
section 4).

Previous studies use estimations of the number of workers from BLF.
But before 2003, the BLF is inconsistent with the NAS as it does not
cover self-employment in agricultural husbandries. This mostly infor-
mal activity in agriculture is about one-fifth of the total amount of FTE
jobs in the Russian economy. An imputation for value added made in
the NAS GDP such that any measure of aggregate productivity based
on official statistics, is biased. Following Poletayev (2003), we assume
zero productivity growth rates in non-market households. Since data
on output growth rates of non-market households are available, it is
possible to impute employment growth.19

The index of labor composition (11)-(12) was calculated with the
following data. Following Timmer et al. (2010), we use eighteen
types of labor, breaking it down by gender (male and female), age
(15–29; 30–49; 50 and older), and education (low, medium, and
high skills levels) following the EU KLEMS framework: low skills
level corresponds to International Standard Classification of
Education (ISCED) levels 0–2 and 3 C; medium skills – 3 and 4,
excluding 3 C; and high skills – 5 and 6 (Timmer et al. 2010, tab.
3A.4). In turn, the bridge between ISCED levels and levels of the
Russian educational system was suggested by Kapeliushnikov
(2008, tab. 1).

Hours worked by individual labor types were obtained by breaking
down the total amount of hours worked in an industry with shares of

19 Detailed description of the model is available in Appendix of Voskoboynikov
(2012). Kapeliushnikov (2006) suggested an alternative approach for
imputations of labor costs in non-market households for years before 1999 on
the basis of changes of the area of plowing.
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hours worked by a particular labor type. In turn, these shares were
calculated on the basis of the Labor Force Survey.20 Next, we used two
sources of data on relative wages by type of labor. The first one is the
National Survey of Household Welfare and Participation in Social
Programs,21 conducted by Rosstat in 2003 within the assistance pro-
gram of the World Bank. The second one is the Survey of Wages by
Occupations,22 provided by Rosstat in 2005, 2007, 2009, and 2011.
Relative wages for years between the surveys and before 2003 were
assumed to be equal to ones in the nearest upcoming year, for which
data is available.

The shares of labor and capital in value added are used as weights
in the growth accounting methodology and reflect the output elasticity
of the inputs. The labor share should reflect the total cost of labor from
the perspective of the employer and hence include wages but also non-
wage benefits for employees and an imputed wage for self-employed
workers. In Russia there is a long standing tradition of non-wage
payments. This is well known and Rosstat does make estimates which
are included in the total economy series of the NAS, but not in the
industry statistics. This is why industry-level NAS series on labor
compensation in industries underestimate labor costs share. For total
economy in 1995–2008 this underestimation is substantial and varies
between 11 and 17% (Voskoboynikov 2012, A.T11). Bessonov (2004)
argued that given the low accuracy of official imputations of hidden
wages, using these shares would not make growth accounting estima-
tions more precise. Previous studies therefore resorted to an alternative
share, mostly taking a fixed 0.6 or 0.7 as the labor share, which is
assumed to be typical for developed economies (Gollin 2002) or get
them from econometric estimations (Kuboniwa 2011). Instead we
develop new measures of labor compensation at a detailed industry
level by using official imputations on shadow wages and value added
made by Rosstat. These are added to official labor compensation of
employees and value added from the NAS. For 2002 and consecutive
years the overall amount of hidden wages at the overall economy level
has been allocated among industries in proportion to the industry value

20 In Russian – Obsledovanie naseleniia po problemam zaniatosti (ONPZ).
21 In Russian – Natsional’noe obsledovanie biudzhetov domashnikh khoziaĭstv

(NOBUS).
22 In Russian – Obsledovanie zarabotnykh plat po professiiam (OZPP).
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added share of shadow activities taken from official imputations.23 For
years before 2002 the hidden wages were allocated in proportion to the
industry distribution of shadow value added of 2002. Finally our
estimate of labor income of self-employed is added. For all industries
except agriculture it was assumed that the hourly earnings of self-
employed are the same as of employees. For agriculture, with a high
share of low educated workers, we imputed with the total economy
average wage for low educated employees based on data from the
RLMS survey.24 Further details can be found in Voskoboynikov
(2012, section 6).

8.3.2 Capital input series

One of the most difficult problems in doing growth accounting for
economies that were formerly centrally planned is the measurement of
capital input. The present chapter uses the concept of capital services,
which is superior to the concept of capital stocks used in recent litera-
ture for Russia. In contrast with capital stocks, capital services take into
account variations in productivity of different types of assets. For
example, one rouble of investment in buildings generates much less
capital services per year than the same rouble invested in software,
because buildings are much longer in operation. We constructed
detailed capital stocks by eight asset types to measure capital input
based on the perpetual inventory method (PIM): computing equip-
ment, communication equipment and software, residential structures,
non-residential structures, machinery and equipment, transport, and
other assets.25 For each individual asset, stocks have been estimated on
the basis of investment series using the PIM with geometric

23 Data is available in official publications – see (Rosstat 2010, tab. 2.3.46–2.3.53).
24 Qualification of workers was identified in RLMS with the code of International

Standard Classification of Occupations ISCO 88. Workers were considered as
low qualified if the corresponding code varied between 6000 and 7000. “Russia
Longitudinal Monitoring survey, RLMS-HSE,” conducted by Higher School of
Economics and ZAO “Demoscope” together with Carolina Population Center,
University of North Carolina at Chapel Hill and the Institute of Sociology of the
Russian Academy of Science.

25 In Russian – vychislitel’naia tekhnika; informatsionnye mashiny, ne vkliuchaia
vychislitel’nuiu tekhniku; nematerial’nye aktivy; zhilishcha; zdaniia,
sooruzheniia i peredatochnye ustroĭstva; transportnye sredstva; silovye i
rabochie mashiny; and prochie aktivy.
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depreciation profiles. According to the PIM, the capital stock (S) is
defined as a weighted sum of past investments withweights given by the
relative efficiencies of capital goods at different ages:

Sk;T ¼
X∞

t¼0

∂k;tIk;T$ t ð13Þ

with Sk;T the capital stock (for a particular asset type k) at time T, ∂k;t
the efficiency of a capital good k of age t relative to the efficiency of a
new capital good, and Ik;T$ t the investments in period T-t. The geo-
metric depreciation pattern δk is assumed constant over time, but
different for each asset type, so we get ∂k;t ¼ ð1 $ δkÞt$ 1, and:

Sk;T ¼
X∞

t¼0

ð1 $ δkÞt$ 1Ik;T$ t ¼ Sk;T$ 1ð1 $ δkÞ þ Ik;T ð14Þ

If it is assumed that the flow of capital services from each asset type
k (Kk) is proportional to the average of the stock available at the end of
the current and the prior period (Sk;T and Sk;T$ 1), capital service flows
can be aggregated from these asset types as a translog quantity index by
weighting growth in the stock of each asset by the average shares of
each asset in the value of capital compensation, as in equation (7)
above.

In order to estimate capital stocks in Russia there are three parti-
cular issues that need to be addressed. First, the measures have to deal
with so-called “communist capital.” The term “communist capital”
was suggested by Campos and Coricelli (2002) and refers to equip-
ment and buildings put into operation before transition but becoming
idle after transition due to the changing patterns of production and
consumption. This stock has nomarket value anymore but is however
still present in official capital stock statistics. Related to this is the
questions of whether and how capital input measures should be
adjusted for changes in capital utilisation rates, as Russia experienced
some major fluctuations in growth after transition (see Figure 8.1).
And third, given that the official NAS investment deflator appears to
be highly overestimated, a proper choice of alternative investment
deflators need to be made.

There are two main sources for official data on investment and
capital stock in constant prices in Russia. The first is the Balance of
Fixed Assets (BFA) which covers the total economy (Bratanova
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2003).26 This provides capital stocks based on direct observations of
firm balance sheets in the current year based on previous year stocks plus
new acquisitions minus discards. Also imputations for firms without a
balance sheet are made. It should be noted that this stock measure does
not account for depreciation of assets, unless scrapped as reported by
firms. Volume indices of capital stocks are also published by deflating
nominal stocks with an investment price index (Rosstat 2006, section
2.1); see below for more on deflation of BFA. Much of the communist
capital is likely to be included in this stockmeasure and its growth rate is
particularly low. Nevertheless, it is used by Entov and Lugovoy (2013).

Most other studies prefer to build up their own estimates through the
perpetual inventory method and use the stock estimate only as a bench-
mark estimate for the initial year of the series. Investments series
are taken from the series of gross fixed capital formation (GFCF)
from the NAS which are available in current and constant prices.
This is the approach followed by Kuboniwa (2011) and Izyumov and
Vahaly (2008), both using aggregate investment data with a deprecia-
tion rate of 1.8 and 5% respectively. Izyumov and Vahaly (2008) pay
particular attention to the communist capital problem and correct for
“market quality” of the capital stock in 1991. They estimate that only
about half of the stock was useful for production after transition and
use this to initiate the PIM estimate. The problem with the NAS
investment series however is that the implicit deflator appears to be
highly overestimated. Bessonov and Voskoboynikov (2008) provide a
comparison with other price indices and show that especially in the
period 1991–1996 prices on investment goods grew much faster than
the overall level of prices in the economy. However, this is very unlikely
because typically investment price indices are falling relative to the
overall price levels (Greenwood, Hercowitz, and Krusell 1997). Also
Bratanova (2003, 4.40) has pointed out the overestimation of prices on
investment in Russian statistics. This is clearly shown in Figure 8.2
which provides the developments of a number of Russian price series.
As prices changes are overestimated real investments are underesti-
mated and likewise the growth rate of capital stocks.

26 In Russian – balans osnovnykh fondov po polnoĭ stoimosti v postoiannykh
tsenakh. The Russian statistics also develops the Net Balance of Fixed Assets
(balans osnovnykh fondov po ostatochnoĭ stoimosti v tekushchikh tsenakh),
which includes net capital stocks and depreciation. However, data on net capital
stocks in constant prices is not available.
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Our solution to deal with the particular problems posed is by building
up stocks from 1995 with a PIM using new investment deflators and
asset-specific deprecation rates. Our approach tries to improve previous
estimates by combining NAS investment series with deflators used in the
BFA.We start with theGFCF series given in theNASwhich are available
by industry, but not by asset type for the whole period under considera-
tion.27 For the breakdown by asset type we use shares derived from
detailed information onnew acquisitions by industry and asset type from
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Figure 8.2 Alternative investment deflators
Source: 1–4 Rosstat (see details in Section 3); 5 – own calculations.
Note: Price level measured by investments deflator from NAS(1); producer price
index inmanufacturing(2); consumer price index(3); price indexonmachinery and
equipment from BFA(4); price index on imported machinery and equipment(5);
the price index on imported machinery and equipment captures price changes on
imported machinery from the perspective of a Russian domestic purchaser. It has
been calculated on the basis of the series of imported machinery and equipment in
U.S. dollars (Import po tovaram; tovarnym gruppam v razreze TN VED Rossii;
Mashiny i oborudovanie) available in (Rosstat 2014), producer price index on
machinery and equipment of the U.S. Bureau of Labor Statistics (BLS 2014) and
yearly averaged exchange rates of U.S. dollars to Russian rubles of the Central
Bank of Russia. This approach is based on the assumption that prices on imported
equipment in a foreign currency change in the sameway as corresponding prices in
the U.S.

27 Formally, Rosstat publishes series of GFCF for total economy only. For
industries only investments to fixed assets are available. However, the official
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the annual survey of large andmedium firms called “Form F11”which is
part of the BFA.28 Instead of using the NAS investment price indices we
use the underlying asset type deflators used by Rosstat to deflate overall
capital stocks in the BFA.29We use the price index of constructionworks
for deflation of investments in residential and non-residential structures;
the overall investments price index is used for other assets and the index
on machinery and equipment as part of investments to fixed capital for
the remaining types of assets (Rosstat 2002; Rosstat 2014). Asset defla-
tors are assumed to be the same for each industry. The trend of these
price series appear to be much more plausible (see Figure 8.2), and they
explicitly take into account changes on prices of imported equipment
and varies for different types of assets. These deflated investment series
are used in a PIM building up from the net capital stock estimate in 1995
from the BFA and using asset specific depreciation rates from Fraumeni
(1997).30 Transformation of initial stocks and investment series from the
old to the new classification was accomplished with the detailed official
(unpublished) bridge for investments.

Summarizing, in contrast with recent growth accounting literature,
which deals with the Russian economy, the present study develops a
more detailed dataset, focusing on the following measurement issues of
inputs.31 First, we use alternative deflators that seem more in line with
other price developments in the Russian economy. Second, we implement
moreflexible depreciation rates.Unlike themost previous literature,where
depreciation was fixed at the level of 5% (e.g. Iradian 2007; Izyumov and
Vahaly 2008), in this study we implement the BEA depreciation rates

methodology acknowledges that the conceptual difference between the two
measures of investments is minor (Rosstat 2009).

28 Detailed data of survey F11 is issued by Rosstat in yearly internal publications
Otchet o nalichii i dvizhenii osnovnykh sredstv i drugikh nefinansovykh
aktivakh (f. №11) (Statement of inventories and flows of fixed assets and other
non-financial assets (form 11)). The full list of sources for various years is
available in (Voskoboynikov and Dryabina 2009). A detailed description of the
survey in Russian statistics of capital in English is given by (Bratanova 2003).

29 Russian terms: indeks tsen proizvoditeleĭ v stroitel’stve; indeks tsen na
stroitel’no-montazhnye raboty; indeks tsen namashiny i oborudovanie v sostave
investitsiĭ v osnovnoĭ kapital.

30 However, for sensitivity analysis we also used rates on the basis of a survey of
services lives, provided by Rosstat in 2008. Results of the growth accounts
appear to be barely affected.

31 A more detailed quantitative assessment of the influence of each of these
measurement issues on growth accounting results is provided by Timmer and
Voskoboynikov (2014).
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(Fraumeni 1997), which vary from 3% for buildings and construction to
33% for information and communication technology (ICT) and software.
Third, we calculate capital input growth not as the growth of aggregate
stock, but of capital services. This does not affect the growth in individual
asset stocks, but gives largerweight to assetswith higher rental prices (such
as machinery) in the capital input index. Fourth, we take into account
changes in labor composition, considering variations in productivity in
eighteen types of labor. As can be seen in Table 8.1, this effect explains

Table 8.1 Value added decomposition for market economy growth,
1995 –2012

1995–2002 2002–2008 2008–2012 1995–2012

Growth rates
Value added 2,78 6,85 1,03 3,74
Hours worked 1,22 1,57 −0,04 0,98
Labor composition 0,43 0,30 0,34 0,37
Capital 0,43 6,88 5,61 3,76
ICT capital 9,91 11,92 0,92 10,16
Machinery and

equipment
−0,65 12,37 9,08 5,75

Non-residential
buildings

0,38 2,90 3,79 2,13

MFP 1,63 2,85 −1,61 1,16

Contributions to value added
Value added 2,78 6,85 1,03 3,74
Hours worked 0,46 0,91 −0,10 0,52
Labor composition 0,25 0,18 0,22 0,22
Capital 0,43 2,92 2,53 1,84
ICT capital 0,21 0,26 0,09 0,16
Machinery and

equipment
−0,01 1,68 1,19 0,89

Non-residential
buildings

0,22 0,99 1,25 0,79

MFP 1,63 2,85 −1,61 1,16

Notes: Market economy excludes public administration, education, health care and
real estate industries.
Sources: Authors’ calculations based on value added and labor from Voskoboynikov
(2012); alternative official deflators from (Rosstat 2014); depreciation rates from
Fraumeni (1997) and the ex-post rate of return.
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almost 0.4 percentage points (pp) of growth, which was attributed in
previous studies to MFP. Finally, the assumption of a labor share of
0.7% is common for developed economies, but not necessarily valid for
a transition economy like Russia. We use a labor share in value added in
industries calculated as employee wages from the NAS, adjusted for
shadow wages from the NAS and our imputation of self-employed and
household workers’ income (see Section 8.3.1). We find that the share of
labor ismuch lowerandat52%ofvalueadded.Hence theoutput elasticity
of capital is estimated to be higher and given that capital inputs is growing
faster than labor inputs, estimatedMFP is falling.

8.4 Growth accounting results

In this section we describe the main results from the industry-level
growth accounting using the constructed data set discussed above.

8.4.1 Aggregate economy growth accounting alternatives

We study the period from 1995 to 2012 in which Russia has undergone
major shocks. As can be seen in Figure 8.1, it includes two economic
crises, 1998 and 2009, as well as the inter-crises period of rapid resur-
gence. How did the growth structure change in these periods? The
advantage of using the KLEMS data is that we cover a long time period
up to the recentfinancial crisis, allowing for simple dynamic analysis.We
split the data into three periods, 1995–2002, 2002–2008, and 2008–
2012. In this split we put peaks and troughs of business cycles into the
periods tominimize errors of growth accounting decomposition because
of short-term demand effects. Indeed, in case of a sharp output fall,
which happened in 1998 and 2009, a decrease of capital utilization
might not be fully captured by capital input measures and may partially
be attributed to MFP slowdown.32 Moreover, in the following recovery
years the opposite might occur.

Traditionally it has been argued that growth in post-transition econo-
mies, includingRussia, is driven bymulti-factor productivity (e.g. Campos
and Coricelli 2002; Entov and Lugovoy 2013). In contrast, our results for
theRussian economyshown inTable8.1 reveal thatMFPcontributedonly

32 Although implementation of the ex-post rate of return reduces this type of error
(see Section 8.3.2).
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1.2pp of 3.7%of the yearly average growth of the total economy in 1995–
2012, or less than one-third. Indeed, Table 8.1 demonstrates that over
time, growthbecomesmore extensive.During the period1995–2002MFP
provided 1.6pp of 2.8, or almost 60%, but in the following years the
contribution of MFP declined to about 42%. In years of the global crisis
MFPgrowth turns tobenegative.At theflip-side, these results indicate that
Russia has become ever more dependent on investment for driving
growth.33 While in the first period the contribution of capital services
growth was relatively low, in the following years its role was increasing
dramatically. In years of recovery, it accounted for 2.7 p.p., or almost 40%
of output growth, while in the last global crisis it became the dominant
sourceof growth, growing faster thanvalueadded.Thegrowthaccounting
results in Table 8.1 show for the first time also the contribution of changes
in the labor composition. This data was not available before. The main
finding here is that in post-transitionRussia, the quality of labor continues
to grow. Interestingly, Table 8.1 demonstrates a stable positive contribu-
tion of labor composition for the Russian economy in all three periods,
including years of crisis. This indicates that with general labor-shedding in
a crisis firms shed mainly low skilled workers, while retaining high skilled
ones.

8.4.2 Changing structure of the Russian economy

To understand the deeper sources of growth of the Russian economy, it
is useful to look at changes at a more detailed sectoral level. The
literature, which deals with structural change of the Russian economy,
typically explores a traditional division of activities into agriculture,
industry, and services. This partition of the economy is useful for
analyzing structural change in developing economies where the major-
ity of workers are still in primary industries, but is unsuited for studies
of Russian development. Russia passed the first stage of industrializa-
tion in the first half of the twentieth century and had a sizable industrial
complex at the end of the 1980s (Ofer 1987, table 4). Market services
on the other hand were relatively underdeveloped and it is useful to
distinguish them from non-market services. O’Mahony and van Ark
(2003) proposed a classification of industries based on the skill-intensity
of production, distinguishing between high-skilled and low-skilled

33 See also Voskoboynikov and Solanko (2014) about this.
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goods production and services, and we follow this. Finally, we separate
out themining industrywhich is important for the Russian economy. In
Table 8.2 we show the shares of these sectors in nominal GDP and their
real growth rates over the period 1995–2012.

Particular attention should be given to the definition and measurement
of the mining industry in Russia. Mining activities are covered in the
Russian statistical system in the industry Mining, but also in some sub-
industries ofWholesale Trade, Inland Transport, and Fuel. For example,
the World Bank report (2005), Gurvich (2004), and Kuboniwa, Tabata,
and Ustinova (2005) pointed out that separate performance measures of
each of these industries on the basis of SNAdata aremisleading because of
non-market pricing of transactions between establishments of the verti-
cally integrated holdings, such as Gazprom. These firms have establish-
ments in various industries and are known to use transfer pricing in order
tominimize tax payments. Due to a lack of detailed data, we approximate
the size of the mining sector by clubbing together the mining and whole-
sale distribution industries and find that its share has been growing from
around one-fifth of total GDP in 1995 to more than a quarter in 2012.

Other goods production, on the other hand, declined rapidly in impor-
tance from 26% to 16% in 2012. While high-skill intensive manufactur-
ing industries such as chemicals and electrical equipment remained
relatively stable but small (just above 3%), value added in agriculture,
textiles, metal, and plastics declined rapidly. The share of market services
remained more or less constant at 40% of GDP, but structural change
within this sector was high. Low-skill intensive services such as utilities
and construction lost shares, while high-skill intensive services such as
financial intermediation and business services increased their share in
GDP to over 10% in 2012. This is a reflection of the catching up process
of certain services sectors which were underdeveloped in planned econ-
omy (Fernandes 2009). Also the share of non-market services (especially
public administration and education) increased somewhat but is still
much lower than in advanced nations (Jorgenson and Timmer 2011).

Table 8.2 also unveils changes in the Russian economy after the
global financial crisis of 2008. Three distinctive features of this are
worthy of discussion. First, high skilled intensive services shrank for the
first time since 1995, in particular the financial sector. Second, non-
market services expanded by 3 percentage points, which is more than
for the whole previous period in question. This can be the outcome of
efforts of the government to keep unemployment under control, hiring
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Table 8.2 Sectoral shares of value added and contribution to real growth, 1995 –2012 (%)

Value added share (%) Annual real growth rates (%)

1995 2002 2008 2012 1995–2002 2002–2008 2008–2012 1995–2012

Total economy 100.0 100,0 100,0 100.0 2,78 6,85 1,03 3.7
Mining and distribution 20.1 23,5 24,7 26.9 2,64 7,74 2,52 4.3
Goods 25.6 21,9 18,3 15.5 1,80 4,40 −0,60 2.1

High-skill intensive 3.6 2,9 3,6 3.3 0,91 7,35 −1,63 2.6
Low-skill intensive 22.0 19,0 14,8 12.2 1,94 3,83 −0,33 2.1

Services 40.4 39,1 41,0 38.6 3,19 8,97 0,50 4.5
High-skill intensive 5.1 8,4 11,2 10.7 9,65 12,07 1,70 8.7
Low-skill intensive 35.3 30,7 29,8 27.9 1,88 7,97 0,05 3.5

Non-market services 13.9 15,5 16,0 19.0 3,43 3,26 1,62 3.1

Source: Authors’ calculations, see main text.
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more workers for public services. Finally, we observe shrinking of high
skill-intensive goods by 0.3 percentage points relative to 2008, and
only mining and distribution continued to expand. As will be discussed
in the following sub-section, all these trends led to a slowdown in
aggregate multi-factor productivity growth.

8.4.3 Sectoral contribution to aggregate input and
productivity growth

The productivity performance of the various sectors has been quite
diverse. In Table 8.3 we provide the annual growth rates of labor and
capital input and MFP growth for the main sectors in Russia from
1995–2012. This is shown in the left-hand side of the table. MFP is
calculated by subtracting weighted input growth from value added
growth as shown in equation (4). Capital input has been measured by
our preferred method, the ex-post approach. In the right hand side of
the table the contribution of each sector to aggregate growth in inputs
and MFP is shown. This is derived by weighting industry growth by
its share in value added as in equation (6). The contributions of all
industries add up to aggregate market economy growth by definition.

The fastestMFP growth rates are found in the skill-intensive sectors, in
particular in finance and business services. While labor and capital input
grew at rates comparable to themarket economy as awhole,MFP growth
was more than 6% annually, which is more than 4 p.p. higher than the
aggregate. This is a remarkable high level of improvement compared to
what has been found for advanced countries, but much of this is catch-up
growth as the level of development of these services was particularly low
before and during transition, as suggested by Fernandes (2009).34 Using
industry specific purchasing power parities (PPPs) it is possible to compare
the level of productivity in Russia with other countries in the same
industries. Based on the industry output PPPs for 2005, derived from
expenditure PPPs as described in Inklaar andTimmer (2012), we find that
MFP in high-skilled services in Russia in 1995 was only about 12% of
the level inGermany. This was by far the lowest relative level of all sectors
considered here, confirming the retarded state of these sectors. Even after

34 For Russia the pre-transition underdevelopment of trade, banking, and
insurance in comparison with “normal” for a corresponding level of GDP per
capita is discussed in Gregory and Stuart (2001, p. 368).
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Table. 8.3 Average annual growth rates of inputs and MFP during 1995 –2012

Annual real growth rates (%) Contribution to total (percentage points)

Hours
worked Cap. input MFP Lab. com-pos.

Hours
worked Cap. input MFP Lab. com-pos.

Market economy 0.91 3.55 1.30 0.39 0.91 3.55 1.30 0.39
Goods −1.01 0.86 1.90 0.67 −0.25 0.21 0.46 0.16
High skill intensive −2.52 0.44 3.70 0.38 −0.10 0.02 0.15 0.02
Low skill intensive −0.71 0.94 1.54 0.73 −0.14 0.19 0.31 0.15

Services 1.51 4.79 1.52 0.20 0.72 2.27 0.72 0.09
High skill intensive 1.37 4.35 6.15 0.44 0.13 0.42 0.59 0.04
Low skill intensive 1.55 4.91 0.36 0.14 0.58 1.85 0.14 0.05

Mining andwholesale trade 1.56 3.80 0.43 0.45 0.44 1.08 0.12 0.13

Sources: Authors’ calculations, see main text.
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the period of rapid growth, in 2007 the gap with Germany is still 49%
leaving plenty of room for further catching-up.

MFP growth was also fast for high-skilled manufacturing with 3.7
percent annually and this could potentially be a major source of growth
for Russia. But it appeared that MFP growth was mainly due to a severe
rationalization of the sector in the wake of increased competition from
advanced nations as Russia gradually opened up to international trade in
high-tech in the 1990s. Capital input growth was negative and labor
especially declined rapidly such that this sector is now less than 4%
GDP (Table 8.2) and ceased to be an important source of growth.

In contrast labor and in particular capital inputs gravitated towards
low-skill intensive services and the mining sector. Together these two
sectors more than fully “explain” aggregate labor input growth. But
while input growth rates were high, MFP growth rates were far below
average. Both in low-skill intensive services and mining average MFP
growth rates were 0.4%, such that together they are responsible for only
less than 0.3 percentage points out of 1.3 percent aggregateMFP growth.

Retail is one of the industries that is growing fast in terms of inputs,
but MFP growth is only slow. The retail sector in Russia has a strong
dual nature. One part is represented by new modern capital-intensive
supermarkets with up-to-date retail technologies, whereas the other is
made up of labor-intensive, mostly informal, family-run retail shops.
The retail sector in the Soviet Union was lagging for a long time and
McKinsey (1999, p. 5), reported that modern high-productivity for-
mats were almost entirely absent, with less than 1% of market share.
Starting from the middle of 1990s Russia experienced an explosive
growth of modern retail centers and in 2009 they had captured 35%
of total retail sales (McKinsey 2009, p. 65), through both foreign direct
investment (FDI) and expansion of domestic retail chains. But this
expansion has not yet lead to increased MFP.

Interestingly, the quality of the labor force in goods grew twice as
fast as in services, being strongest in low-skills intensive goods. Given
the massive downsizing of this industry, in particular in the low-tech
industries, this suggests a pattern where firms mainly shed low-skilled
workers while retaining high-skilled ones. Redundant manufacturing
workers might have to find new jobs in low-skill intensive services in
which the quality of the labor force grew only slowly.

Finally, it is worth mentioning the influence of the global financial
crisis on aggregate MFP growth rates. Since all sectors-contributors to
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the aggregate MFP growth started shrinking, aggregate growth would
slow down in the long run. For example, fast growth in skills-intensive
services was likely to slow down as most of the catch-up potential was
realized. At the same time, the sectors with the fastest productivity
growth until 2008 started shrinking, bringing down aggregate
MFP growth even more. This makes perspectives of long-run sustained
growth of the Russian economy even more uncertain.

To illustrate the industry concentration of Russian growth in more
detail, we turn to the detailed growth account results for the thirty-one
detailed industries listed in the Appendix and present the diagrams
suggested by Harberger (1998), known as Harberger diagrams. These
diagrams provide an intuitive way of identifying whether an aggregate
growth rate is caused by a few industries or whether growth is wide-
spread. This diagram is a graphical representation of the industrial
growth pattern with the Y-axis showing growth contributions and
X-axis the cumulative value added shares. The industries are ranked by
growth rates, so the fastest growing industry is to be found near the
origin. Inklaar and Timmer (2007) have suggested three useful descrip-
tive indices for these diagrams, which are the aggregate growth, the
cumulative share of growth with positive contributions, and curvature.
The aggregate growth is the sum of industry contributions, whereas the
other two measures indicate pervasiveness of growth. The cumulative
share is the summed share of value added of all industries which demon-
strate positive growth rates. The curvature is defined as the ratio of the
area between the diagram and the diagonal line, and the total area
beneath the diagram. The value of curvature lies between 0 and 1, with
the value being lower when the growth pattern is more broad-based and
observed in many industries. On the other hand, if growth is more
concentrated in few industries, the value will be higher. The Harberger
diagrams for MFP are given in Figure 8.3. They represent three sub-
periods, 1995–2002, 2002–2008, and 2008–2012. In years before the
global crisis of 2008, MFP growth was widely spread across industries.
The value added share of industries with positive growth rates was
almost 75% in the first sub-period and 80% in the second one.
However, after the crisis the MFP decline became widespread. Only
around one-fifth of the economy remained on the positive area.

Amore scrupulous analysis unveils interesting details concerning the
nature of this MFP growth pattern. First, the role of manufacturing
industries was positive for the whole period. Table 8.3 provides some
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Figure 8.3 MFP Harberger diagrams for multi-factor productivity growth,
1995–2012 (See the list of codes and industries in the Appendix Table 8.1.)
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evidence of this at the aggregate level, reporting MFP growth rates
1.9% per year for goods. This is the highest value in comparison with
the other aggregate sectors of the market economy. The Harberger
diagrams show a more detailed picture of this. Almost all manufactur-
ing industries contributed to MFP growth positively before 2008, five
of which (leather and footwear, chemicals, rubber and plastics, and
transport equipment) continuing growth in the following period.35

Moreover, two high-skill intensive industries, machinery and electrical
and optical equipment, were among leaders in 2002–2008, demon-
strating 11.1% and 7.8% MFP annual growth rates correspondingly.
Taking into account the initial technology backwardness in Russian
manufacturing this matches the story of global convergence in manu-
facturing, reported by Rodrik (2013) and also observed in other
Central and East European post-transition economies (Havlik et al.
2012).

Second, along with manufacturing, financial intermediation and
business services were powerful drivers of aggregate MFP growth
until 2008. Starting from a very low initial MFP level of 12% of
Germany in 1995 for high-skill intensive services, they grew with
soaring rates of 8.2% and 9.3% in 1995–2008 correspondingly,
contributing 0.7 p.p.

Third, two of the three industries of the oil and gas sector, mining
and fuel, were stagnant in all sub-periods. They demonstrated negative
MFP growth rates along with plentiful capital inflow (Table 8.3). This
confirms inability of the Russian oil and gas sector to diminish real
costs of production both in years of high and low world oil prices, well
known also in the literature (Ahrend and Tompson 2004). However,
these data must be interpreted with caution because the performance of
industry with the largest value added share in the oil and gas sector,
wholesale trade, is unclear, because some share of valued added of
mining, fuel and inland pipeline transport can be shifted to wholesale
trade because of transfer pricing.

Finally, comparing the diagrams for years before and after the crisis,
it is possible to highlight the influence of the last crisis on the Russian
productivity pattern. The crisis hit manufacturing, especially such high-
skills intensive industries as machinery and optical equipment. As can

35 Exceptions are wood in 1995–2002 and other manufacturing in 2002–2008.
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be seen, both have shifted to the negative territory in 2008–2012. In
addition other manufacturing industries – food, textiles, non-metallic
minerals – also stopped minimizing real costs of production. The
last period was harmful for market services, which are financial
intermediation and business services as well as construction and retail.
Comparing the first and the last periods it is obvious that the Russian
economy after 2008 is in a worse position in comparison with the
period of stagnation and initial recovery in 1995–2002. Probably,
this could be explained deterioration of the institutional environment,
which amplified negative shocks from global markets and the stagna-
tion of oil prices growth. Difficulties with the access to domestic and
foreign capital were harmful for manufacturing industries with a long
production cycle, while the slowdown of consumption growth hit
market services. This illustrates a general observation from Table 8.1
that because of the crisis Russian growth has become more dependent
on capital inflow than before, which makes its growth perspective
uncertain.

8.5 Concluding remarks

GDP per capita growth rates in Russia have been among the highest in
the world since the mid-1990s. In contrast to previous growth
accounting studies we do not find that this is mainly driven by MFP
growth. Rather, labor and capital input growth explain more of the
value added growth during the period 1995–2012 than MFP. The
greater measured contribution of capital input is due to the fact that
we derived a proper measure of capital services input that distin-
guishes various capital types with asset-specific depreciation and
investment deflators. Using the new industry-level dataset on inputs
and outputs, we also found that the (extended) mining sector was not
a driver of growth. Together with wholesale and retail trade, the
mining sector absorbed an increasing share of labor and capital
inputs, but had only poor MFP performance. The mining sector
expanded to more than a quarter of GDP in 2012, up from one-fifth
in 1995. MFP growth was high in goods industries but this sector’s
GDP share declined as it could not cope with increased foreign com-
petition. Finance and business services were the only industries that
performed well in terms of MFP growth and were expanding. But as
their MFP levels were extremely low in the mid-1990s much of this
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growth is because of basic catching-up rather than an indication of
dynamism and innovativeness. Given that the reallocation of inputs
to more productive activities is a hallmark of growth in successful
economies (McMillan and Rodrik 2011), these trends in Russia do
not provide hopeful signs for future economic development.

Althoughwe believe that the dataset developed for this chapter is of a
higher quality than is currently available from official sources or other-
wise, there is still much to be improved upon. This includes the devel-
opment of better price indices for value added in the NAS. Many of the
value added volume series in the NAS are still based on gross output
quantity indicators (weighted with value added) and should be gradu-
ally replaced by properly (double) deflated value added series. The
development of a new supply and use table (SUT) for 2011 that is
currently under way should be helpful in that respect (the most recent
one is of 1995), as is the development of new price deflators that take
quality change into account. With respect to capital, new investment
price indices should be used in the NAS that properly account for
imported equipment and quality changes (e.g. for ICT capital). As
shown, some of these indices are used by Rosstat in deflation of capital
stocks, but not for investment series. Better measurement of labor costs
and profits by industry where activities of large vertically integrated
firms are allocated to the various industries would also be useful for any
analysis of changes in industrial structures. Finally, the new benchmark
SUTs create a possibility for formation of official KLEMS series by
Rosstat, which would be a great leap forward to the SNA 2008 frame-
work and, in addition, create more opportunities for the analysis of the
Russian economy.

As a final note, we would like to stress that the growth accounting
based on index numbers used in this study relies on stringent neo-
classical assumptions that are likely to be violated for the case of
Russia where market competition is still limited. Also the issue of
how to deal with capital utilization variation cannot be completely
resolved within this neo-classical non-parametric framework. We
hope that the database developed for this studywill be a fertile breeding
ground for other studies into the sources of growth in Russia, relying
on other non-parametric or parametric approaches.
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Appendix Table 8.1 List of sectors and industries

NACE 1.0
code Name of sector/industry used in the paper

TOTAL ECONOMY
Market economy
Goods
High skill-intensive

24 Chemicals and chemical products
29 Machinery, nec
30t33 Electrical and optical equipment

Low skill-intensive
AtB Agriculture, hunting, forestry, and fishing
15t16 Food, beverages, and tobacco
17t18 Textiles and textile products
19 Leather, leather, and footwear
20 Wood and products of wood and cork
21t22 Pulp, paper, paper, printing, and publishing
25 Rubber and plastics
26 Other non-metallic mineral
27t28 Basic metals and fabricated metal
34t35 Transport equipment
36t37 Manufacturing, nec; recycling

Market services
High skill-intensive

J Financial intermediation
71t74 Renting of machinery and equipment and other business

activities

Low skill-intensive
E Electricity, gas, and water supply
F Construction
H Hotels and restaurants
50 Sale, maintenance and repair of motor vehicles and

motorcycles; retail
52 Retail trade, except of motor vehicles and motorcycles; repair

of personal and household goods
60t63 Transport and transport services
64 Post and telecommunications
O Other community, social, and personal services

312 Marcel P. Timmer and Ilya B. Voskoboynikov

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.008
https://www.cambridge.org/core


References

Ahrend, Rudiger and William Tompson. 2004. “Russia’s Gas Sector: The
Endless Wait for Reform?” OECD Economic Department Working
Papers, ECO/WKP(2004)25 (402).

Balk, Bert M. 2010. “An Assumption-free Framework for Measuring
Productivity Change.” Review of Income and Wealth, 56: S224–S256.

Basu, Susanto and John Fernald. 2001. “Why is Productivity Procyclical?
Why doweCare?” In Charles R.Hulten, Edwin R. Dean, andMichael J.
Harper (eds.)NewDevelopments in Productivity Analysis. Chicago and
London: University of Chicago Press, ch. 7,225–301.

Beaulieu, John J. and Joseph Mattey. 1998. “The Workweek of Capital and
Capital Utilization in Manufacturing,” Journal of Productivity
Analysis, 10 (2): 199–223.

Berndt, Ernst R. and Melvyn A. Fuss. 1986. “Productivity Measurement with
Adjustments for Variations in Capacity Utilization and Other Forms of
Temporary Equilibrium,” Journal of Econometrics, 33(1–2): 7–29.

Bessonov, Vladimir A. 2004. “O Dinamike Sovokupnoĭ Faktornoĭ
proizvoditel’nosti v Rossiĭskoĭ Perekhodnoĭ Ėkonomike [on Dynamics
of Total Factor Productivity in the Russian Economy in Transition],”
HSE Economic Journal, 8(4): 542–587.

2005. Problemy Analiza Rossiĭskoĭ Makroėkonomicheskoĭ Dinamiki
Perekhodnogo Perioda [Problems of the Analysis of Macroeconomic
Dynamics of the Russian Economy in Transition]. Moscow: Institut
Ėkonomiki Perekhodnogo Perioda.

Appendix Table 8.1 (cont.)

NACE 1.0
code Name of sector/industry used in the paper

Extended mining
23 Fuel
C Mining and quarrying
51 Wholesale trade

Non-market economy
70 Real estate activities
L Public administration and defence; compulsory social security
M Education
N Health and social work

Is mining fuelling long-run growth in Russia? 313

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.008
https://www.cambridge.org/core


Bessonov, Vladimir A. and Ilya B. Voskoboynikov. 2008. “Fixed Capital and
Investment Trends in the Russian Economy in Transition,” Problems of
Economic Transition, 51(4): 6–48.

Bessonov, Vladimir A., Ilya B. Voskoboynikov, Elena V. Dryabina, Igor A.
Kim, and Aleksey N. Ponomarenko. 2008. “On Findings of Preliminary
Study of RU-KLEMS,” Background Paper for the RU KLEMS
Workshop in Higher School of Economics, Moscow, March 31.

BLS. 2014. “Producer Price Index Commodity Data. Group 11. Item 11.
Machinery and Equipment,” Bureau of Labor Statistics. See: www.bls
.gov/data/#prices (accessed September 17, 2014).

Bratanova, Lidia. 2003. Measurement of Capital Stock in Transition
Economies. Occasional Paper 2003/1. United Nations Economic
Commission for Europe. Statistical division.

Campos, Nauro F. and Fabrizio Coricelli. 2002. “Growth in Transition:
What we Know, What we Don’t, and What we Should,” Journal of
Economic Literature, 40 (3): 793–836.

Connolly, Richard. 2011. “Financial Constraints on the Modernization of the
RussianEconomy,”EurasianGeography andEconomics,52(3): 428–459.

Diewert, Erwin W. 2008. “What is to be Done for Better Productivity
Measurement,” International Productivity Monitor, 16: 40–52.

Entov, Revold M. and Oleg V. Lugovoy. 2013. “Growth Trends in Russia
After 1998.” In Michael Alexeev and ShlomoWeber (eds.) The Oxford
Handbook of the Russian Economy. Oxford University Press.

Fernandes, Ana M. 2009. “Structure and Performance of the Service Sector
in Transition Economies,” Economics of Transition, 17(3): 467–501.

Fraumeni, Barbara. 1997. “The Measurement of Depreciation in the
US National Income and Product Accounts,” Survey of Current
Business, July.

Gollin, Douglas. 2002. “Getting Income Shares Right,” The Journal of
Political Economy, 110 (2): 458–474.

Greenwood, Jeremy, Zvi Hercowitz, and Per Krusell. 1997. “Long-run
Implications of Investment-specific Technological Change,” The
American Economic Review, 87(3): 342–362.

Gregory, Paul R. and Robert C. Stuart. 2001. Russian and Soviet Economic
Performance and Structure, 7th edn. Boston (MA): Addison-Wesley.

Gurvich, Evsey. 2004. “Makroėkonomicheskaia Otsenka Roli Rossiĭskogo
Neftegazovogo Kompleksa [Macroeconomic Role of Russia’s Oil and
Gas Sector],” Voprosy Ėkonomiki, 10 : 4–31.

Harberger, Arnold C. 1998. “A Vision of the Growth Process,” The
American Economic Review, 88(1): 1–32.

Havlik, Peter, Sebastian Leitner, and Robert Stehrer. 2012. “Growth
Resurgence, Productivity Catching-up and Labor Demand in Central and

314 Marcel P. Timmer and Ilya B. Voskoboynikov

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.008
https://www.cambridge.org/core


Eastern European Countries.” In Matilde Mas and Robert Stehrer (eds.),
Industrial Productivity in Europe. Growth and Crisis, ch. 8, 219–263.

Hulten, Charles R. 1986. “Productivity Change, Capacity Utilization and the
Sources of Efficiency Growth,” Journal of Econometrics, 33: 31–50.

Inklaar, Robert and Marcel P. Timmer. 2007. “Of Yeast and Mushrooms:
Patterns of Industry-level Productivity Growth,” German Economic
Review, 8(2): 174–187.

2012. “The Relative Price of Services,” GGDC Research Memorandum,
124: 23.

Iradian, Garbis. 2007. “Rapid Growth in Transition Economies: Growth-
Accounting Approach,” IMF Working Paper, WP/07/164.

Ivanov, Youri. 1987. “Possibilities and Problems of Reconciliation of the
SNA and the MPS,” Review of Income and Wealth, 33(1): 1–18.

2009. “Experiences and Problems of the CIS Countries in Transition from
the MPS to the SNA,” Review of Income and Wealth, 55: 466–484.

Ivanov, Youri, Boris Rjabushkin, and TatjanaHomenko. 1993. “Introduction
of the SNA into the Official Statistics of the Commonwealth of
Independent States,” Review of Income and Wealth, 39 (3): 279–294.

Izyumov, Alexei and JohnVahaly. 2008. “OldCapital vs. New Investment in
Post-Soviet Economies: Conceptual Issues and Estimates,”Comparative
Economic Studies, 50 (1): 111–157; 111.

Jorgenson, Dale W., Frank M. Gollop, and Barbara Fraumeni. 1987.
Productivity and US Economic Growth. Amsterdam: North-Holland.

Jorgenson, Dale W., Mun S. Ho, and Kevin J. Stiroh. 2005. Information
Technology and the American Growth Resurgence. Productivity, Vol. 1.
Cambridge: The MIT Press.

Jorgenson, Dale W. and Marcel P. Timmer. 2011. “Structural Change in
Advanced Nations: A New Set of Stylised Facts,” Scandinavian Journal
of Economics, 113(1): 1–29.

Jorgenson, DaleW. and KhuongM. Vu. 2011. “The Rise of Developing Asia
and the New Economic Order,” Journal of Policy Modeling, 33(5):
698–716.

2013. “The Emergence of the New Economic Order: Growth in the G7
and the G20,” Journal of Policy Modeling, 35(3): 389–399.

Kapeliushnikov, Rostislav I. 2006. “Zaniatost’ v Domashnikh Khoziaĭstvakh
Naseleniia [Employment in Households].” In Vladimir E. Gimpelson and
Rostislav I. Kapeliushnikov (eds.), Nestandartnaia Zaniatost’ v
Rossiĭskoĭ Ėkonomike [Atypical Employment in the Russian
Economy]. Moscow: Gosudarstvennyĭ universitet – Vysshaia shkola
ėkonomiki, 224–280.

2008. “Zapiska Ob Otechestvennom Chelovecheskom Kapitale [Russia’s
Human Capital: An Assessment],”HSEWorking Paper, WP3/2008/01.

Is mining fuelling long-run growth in Russia? 315

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.008
https://www.cambridge.org/core


Krugman, Paul. 1994. “TheMyth of Asia’sMiracle,” Foreign Affairs, 73(6):
62–78.

Kuboniwa, Masaaki. 2011. “The Russian Growth Path and TFP Changes in
Light of Estimation of the Production Function using Quarterly Data,”
Post-Communist Economies, 23(3): 311–325.

Kuboniwa, Masaaki, Shinichiro Tabata, and Nataliya Ustinova. 2005.
“How Large is the Oil and Gas Sector of Russia? A Research Report,”
Eurasian Geography and Economics, 46(1): 68–76.

Masakova, Irina D. 2006. Recalculation of the Russian GDP Series in
Connection with the Transition to New Classifications. Joint
UNECE/Eurostat/OECD Meeting on National Accounts and Update
of SNA. 8th Meeting, April 25–28, 2006. ECE/CES/GE.20/2006/3.
See: www.unece.org/fileadmin/DAM/stats/documents/ece/ces/ge.20/2
006/mtg2/3.e.pdf.

McKinsey. 1999. Unlocking Economic Growth in Russia. Brussels:
McKinsey Global Institute.

2009. Lean Russia: Sustaining Economic Growth through Improved
Productivity. Brussels: McKinsey Global Institute.

McMillan, Margaret and Dani Rodrik. 2011. “Globalization, Structural
Change, and Productivity Growth,” NBER Working Paper Series,
17143.

Ofer, Gur. 1987. “Soviet Economic Growth: 1928–1985,” Journal of
Economic Literature, 25(4): 1767–1833.

O’Mahony, Mary and Bart van Ark. 2003. EU Productivity and
Competitiveness: An Industry Perspective, European Commission.

Oulton, Nicholas. 2007. “Ex Post Versus Ex AnteMeasures of the User Cost
of Capital,” Review of Income and Wealth, 53(2): 295–317.

Poletayev, Andrei V. 2003. “Ėffektivnost’ Funktsionirovaniia Rossiĭskogo
Rynka Truda [Efficiency of Labor Market in Russia],” HSE Working
Paper, WP3/2003/06.

Rodrik, Dani. 2013. “Unconditional Convergence in Manufacturing,”
Quarterly Journal of Economics, 128(1): 165–204.

Rosstat. 1976. Otraslevaia Klassifikatsiia Otrasleĭ Narodnogo Khoziaĭstva
[Statistical Classification of Industries of the National Economy].
Moscow: Gosudarstvennyĭ komitet SSSR po statistike.

1996. Metodicheskie Polozheniia Po Statistike, vyp. 1 [Methodological
Regulations on Statistics, vol. 1]. Moscow: Gosudarstvennyĭ komitet
Rossiĭskoĭ Federatsii po statistike.

2002. Metodicheskie Rekomendatsii Po Nabliudeniiu Za Tsenami
Proizvoditeleĭ v Stroitel’Stve [Manual for Measurement of Producer’s
Prices in Construction]. Moscow: Gosudarstvennyĭ komitet Rossiĭskoĭ
Federatsii po statistike.

316 Marcel P. Timmer and Ilya B. Voskoboynikov

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.008
https://www.cambridge.org/core


2003. Metodicheskie Polozheniia Po Statistike, vyp. 4 [Methodological
Regulations on Statistics, vol. 4]. Moscow: Gosudarstvennyĭ komitet
Rossiĭskoĭ Federatsii po statistike.

2006. Metodicheskie Polozheniia Po Statistike, vyp. 5 [Methodological
Regulations on Statistics, vol. 5]. Moscow: Federal’naia sluzhba
gosudarstvennoĭ statistiki.

2009. Investitsii v Rossii 2009 [Investments in Russia 2009]. Moscow:
Federal’naia sluzhba gosudarstvennoĭ statistiki.

2010. Natsional’nye Scheta Rossii v 2002–2009 Godakh [National
Accounts of Russia in 2002–2009]. Moscow: Federal’naia sluzhba
gosudarstvennoĭ statistiki.

2014. “Tsentral’naia Baza Statisticheskikh Dannykh [The Central
Database of Statistical Data].” Federal’naia sluzhba gosudarstvennoĭ
statistiki.

Schreyer, Paul. 2009. Measuring Capital. OECD Manual. Measurement of
Capital Stock, Consumption of Fixed Capital and Capital Services, 2nd
edn. Paris: OECD.

2001. OECD Productivity Manual: A Guide to the Measurement of
Industry-level and Aggregate Productivity Growth. Paris: OECD.

Timmer, Marcel P., Robert Inklaar, Mary O’Mahony, and Bart van Ark.
2010. Economic Growth in Europe. Cambridge University Press.

Timmer, Marcel P. and Ilya B. Voskoboynikov. 2014. “Is Mining Fuelling
Long-runGrowth in Russia? Industry Productivity Growth Trends since
1995,” Review of Income and Wealth, 60 , S398–S422.

Vishnevskaya, Natal’ia T., Vladimir E. Gimpelson, S. V. Zaharov,
Rostislav I. Kapeliushnikov, T. Iu Korshunova, P. M. Kudiukin, T. M.
Maleva, andAndreiV. Poletayev. 2002.ObzorZaniatosti v Rossii, vyp. 1
(1991–2000 Gg.) [Employment Survey in Russia, Issue 1, 1991–2000].
Moscow: TEIS.

Voskoboynikov, Ilya B. 2012. “NewMeasures of Output, Labor andCapital
in Industries of the Russian Economy,” GGDC Research
Memorandum, GD-123.

Voskoboynikov, Ilya B. and Elena V. Dryabina. 2009. “Otraslevaia
Istoricheskaia Statistika Osnovnykh Fondov Rossiĭskoĭ
Promyshlennosti (1970–2004). Dannye i Istochniki [Historical Time
Series Data of Fixed Capital of the Russian Economy. Manufacturing
(1970–2004). Data and Sources],”HSEWorking Paper, WP2/2009/03.

Voskoboynikov, Ilya B. and Laura Solanko. 2014. “When High Growth is
Not Enough: Rethinking Russia’s Pre-crisis Economic Performance,”
BOFIT Policy Brief, 6.

World Bank. 2005.Russian Federation: From Transition to Development. A
Country Economic Memorandum for the Russian Federation, March.

Is mining fuelling long-run growth in Russia? 317

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.008
https://www.cambridge.org/core


Young, Alwyn. 1995. “The Tyranny of Numbers: Confronting the Statistical
Realities of the East Asian Growth Experience,” The Quarterly Journal
of Economics, 110 (3): 641–680.

2003. “Gold into Base Metals: Productivity Growth in the People’s
Republic of China during the Reform Period,” Journal of Political
Economy, 111(6): 1220–1261.

318 Marcel P. Timmer and Ilya B. Voskoboynikov

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.008
https://www.cambridge.org/core


9 Intangibles, ICT and industry
productivity growth: evidence
from the EU
carol corrado, jonathan haskel,
and cecilia jona-lasinio

Using intangible investment data by industry for fourteen EU countries in
1995–2010 we investigate industry growth accounting and complemen-
tarities between intangibles and ICT.1We find: (a) intangible investment
has grown in manufacturing and services, but most strongly in services;
(b) the contribution of intangibles to labor productivity growth is similar
in both manufacturing and services and in the high growth economies
(Austria, Germany, Finland, France, Netherlands, UK) exceeds the con-
tribution of labor quality; (c) the very large size of the service sector
means that countries with good manufacturing but poor service produc-
tivity growth (Germany and France) have done relatively badly overall
and those with good service sector growth (UK, Netherlands) have
performed well; (d) Spain and Italy have very low labor productivity
growth due to very low total factor productivity (TFP) growth; and
(e) we find evidence of complementarities between intangible capital
and information and communications technology (ICT).

Empirical evidence shows that once intangible capital is included in a
sources-of-growth analysis it accounts for 20–33 percent of labor
productivity growth in the market sector of the United States and
European Union economies.2 As a consequence, the measurement of

1 The authors thankMassimiliano Iommi formethodological and data support and
participants at the 3rd World KLEMS (RIETI, Tokyo, May 2014) conference for
helpful discussions on earlier versions of this chapter. Errors and opinions are our
own. For financial support we thank the EU FP-7 SPINTAN grant No. 612774.

2 The most recent report of this accounting is in Corrado, Haskel, Jona-Lasinio, and
Iommi (2013). Corrado, Hulten, and Sichel (2009) and Marrano, Haskel, and
Wallis (2009) first reported results of about one-fourth for the US and UK,
respectively. The contribution in Japan and many EU countries is lower (Fukao,
Miyagawa, Mukai, Shinoda, and Tonogi 2009) and (van Ark, Hao, Corrado, and
Hulten 2009).
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intangible investment is a potentially important addition to both
sources-of-growth analysis and national accounting practice.

Following the work of Corrado et al. (2005, 2009) and Nakamura
(1999), building in turn on thework ofMachlup (1962), among others,
major research efforts were undertaken to measure intangible invest-
ment and intangible capital for the business sector of European coun-
tries (INNODRIVE and COINVEST FP7 European funded projects).
This led to the development of the INTAN-Invest harmonized frame-
work for measuring intangible investment in these countries.3 At the
same time, estimates for many other countries (not necessarily harmo-
nized) have emerged, e.g., for Japan (Fukao et al. 2009), Australia
(Barnes and McClure 2009), Canada (Baldwin, Gu, and Macdonald
2012), and Korea (Pyo, Chun, and Rhee 2012).

Sources-of-growth analyzes that feature ICT (e.g., Jorgenson, Ho, and
Stiroh 2005), as well as those that analyze intangible capital and eco-
nomic growth, demonstrate that better measurement of different types
of capital allows for the identification of productivity change due to
composition shifts to higher performing asset types. Themacro literature
on the impact of ICT on productivity change usually does not consider
the possibility of synergies between ICT and intangible capital, although
Basu, Fernald, Oulton, and Srinivasan (2004) is a notable exception.
This may seem surprising given the body of micro-economic evidence
that suggests ICT capital and intangible capital are complements in
production (e.g., Brynjolfsson and Hitt 2000; Brynjolfsson, Hitt, and
Yang 2002). But it is in fact unsurprising given that key intangible asset
types, e.g., investments in firm-specific training and organizational
change, are not capitalized in national accounts.

In this chapter, we focus on identifying synergies between intangible
capital and ICT capital after first remedying the lack of cross-country
harmonized sectoral investment data covering all intangible assets. Our
main hypothesis is that the interaction between ICT and co-investment
in intangible capital is a relevant omitted effect in a conventional indus-
try or sector-level production function. As shown by Brynjolfsson and
Hitt (2000) in a firm-level fixed effects productivity model, estimates of
the return to ICT are 50 percent lower than in an ordinary least square

3 See www.intan-invest.net. “Harmonized” means that, to the extent possible, the
same concepts, methods, and data sources are applied and used for each country.
INTAN-Invest contains harmonized estimates of intangible investment for the EU
plus Norway and the US.
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regression, while the coefficients of other inputs change only marginally.
Their results suggest that unmeasured organizational practices (intangi-
ble investments) significantly affect the returns to ICT investment. Thus
if the interaction between ICT and intangible capital is left out of the
production function, estimates will be biased.

To investigate these issues, we merge newly produced INTAN-Invest
industry-levelmeasures of intangible investment for fourteen EU econo-
mies in 1995–2010 (Corrado, Haskel, Jona-Lasinio, and Iommi 2014)
with EUKLEMS industry data on output, and labor and tangible inputs.
Next, we conduct a sources-of-growth analysis using a Divisia index
approach to computing TFP (Caves, Christensen, and Diewert 1982).
The approach is consistent with an underlying translog production
function, which encompasses substitutability/complementarity between
inputs but is silent on whether such relations exist. Therefore, we also
estimate industry-level production functions with interacted inputs to
examine the linkages between ICT and intangibles.

Our major findings are as follows. First, intangible investment has
grown in bothmanufacturing and services, but most strongly in services.
Second, the contribution of intangibles to labor productivity growth is
similar in both manufacturing and services (about 25 percent of labor
productivity growth) and in the high growth economies (Austria,
Germany, Finland, France, Netherlands, UK) exceeds the contribution
of labor quality (about 20 percent). Finally, we find evidence of intangi-
ble/ICT complementarity in our macro-economic productivity data.

The chapter is organized as follows. Section 9.1 illustrates the theo-
retical framework of our analysis and Section 9.2 provides a descrip-
tion of the new INTAN-Invest data and methodology to measure
intangible investments by industry. Section 9.3 reviews both the
dynamics of intangible investment across European country-industries
and the industry growth accounting results. Section 9.4 investigates
ICT-intangible capital complementarity and Section 9.5 concludes.

9.1 Framework and sectoral accounting

9.1.1 Input and output payment flows with and without
capitalization

In conventional national accounts, spending on many intangibles,
such as organizational capital, training, and design, is treated as an
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intermediate good, i.e., such expenditures are assumed to be fully
used up in annual production. This implies that purchases of intangi-
ble services are considered intermediate costs and subtracted from
gross output to obtain value added. The treatment also implies that
own account production of intangibles are not included in the value of
output, because the statistical authorities will only look at the value of
sales as output and ignore the production of intangible assets on own-
account.

Consider an industry j selling gross output PSSj using intermediates
and labor of value PMM;PLL, and the implicit value of capital inputs
measured as PK

0K (industry subscripts ignored). Assume now that part
of the intermediate inputs are in fact purchases of long-lived intangible
assets PNN

PUR (e.g., expenditure on product design provided by a
design firm) and that the industry also produces intangible assets (e.
g., it conducts research and development (R&D)) valued as PNN

OA in
the current period. Then measured value added of industry j, PVVj

0, is
written as

PVVj
0 ¼ PSSj " PMMj ¼ PSSj " ðPOMOMj þ PNN

PUR
j Þ

¼ PLLj þ PKKj
0 ð1Þ

where POMOMj is the value of intermediate inputs other than pur-
chased intangibles and the value of inputs used to produce PNN

OA
j are

subsumed in conventional inputs.
Suppose now one decides to treat intangibles as capital. The purchases

of intangibles are no longer intermediates but purchases of knowledge
capital, in which case they are no longer subtracted from gross output to
obtain value added. Own-account production of intangibles leads to the
creation of additional output by the industry. Both types of intangibles
lead to the creation of newly owned capital inputs with implicit rental
paymentsPRR

PUR andPRR
OA, which sum toPRR,RPUR,ROA andR are

the corresponding accumulated stocks. Thus nominal value added of an
industry rises both because intermediate inputs are lower and because
the recognized value of production is higher. This overall increase in
nominal value added of industry j is equal to the additional nominal
investment. Income generated by industry j rises by the additional rental
payment, which follows implicitly. Thus wemaywrite new value added,
PVVj as
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PVVj ¼ PSSj þ PNN
OA
j " ðPMMj " PNN

PUR
j Þ

¼ PLLj þ PKKj þ PRR
OA
j þ PRR

PUR
j

ð2Þ

Subtracting (1) from (2) shows the adjustment we must make to mea-
sured industry value added to get industry value added on the output
and factor payments side, which is

PVVj ¼ PVVj
0 þ ðPNN

OA
j þ PNN

PUR
j Þ

¼ PLLj þ PKKj þ PRR
OA
j þ PRR

PUR
j ð3Þ

i.e. we must add total intangible investment and total payments to
intangible assets. Because the latter are implicit, the capitalization of
intangibles revalues PKKj

0 to PKKj.
To measure whole economy value added, we sum value added in all

the sectors. The output of some sectors, such as intermediates, tangible
capital, and intangible capital are then inputs into other sectors.

9.1.2 Inputs and outputs

Because capital and labor are made up of many types, following
Jorgenson and Griliches (1967) we may write down labor and capital
services in industry j as rental share-weighted aggregates over asset or
labor types, where the rental shares are averages over adjacent years. For
the inputs X ¼ K;L;R, DlnX ¼ Σ s XaDlnXawhere sX;a¼ PX

aX=ðΣPX
aXÞ

where the sum is over asset or labor inputs a, and the overline indicates
averaged over two years.

Suppose now that industry value added depends on primary inputs
of labor and capital services where capital is both tangible and intan-
gible (Corrado et al. 2009; Corrado et al. 2013).

Qc;i;t ¼ Ac;i;tFc;iðLc;i;t;Kc;i;t;Rc;i;tÞ ð4Þ

where A is an industry TFP index. As Jorgenson, Ho, and Stiroh (2003)
and Stiroh (2002) discuss, such a production function is a special case
of a more general gross output production function. In our data,
however, we do not yet have consistent disaggregated gross output
measures and so cannot work with gross output (but see Borgo,
Goodridge, Haskel, and Pesole 2013 for an implementation on UK
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data). Thus for each industry, we have the following where DlnTFPj is
defined residually:

DlnðQ=HÞj ¼ v Lj DlnðL=HÞj þ v Kj DlnðK=HÞj þ v Rj DlnðR=HÞj

þ DlnTFPj ð5Þ

The v are shares of factor costs in industry nominal value added, PQQj,
averaged over two periods.

The results we present for each country are defined as above,
although we on occasion break out K into ICT and nonICT capital
and R into nonR&D and R&D intangibles, in which case for each
industry we have

DlnðQ=HÞj ¼ v Lj DlnðL=HÞj þ v K
ICT

j DlnðKICT=HÞj

þ v K
nonICT

j DlnðKnonICT=HÞj þ v R
R&D

j DlnðRR&D=HÞj

þ v R
nonR&D

j DlnðRnonR&D=HÞj þ DlnTFPj ð6Þ

In what follows we refer to the terms on the right-hand side as
contributions, i.e. v Xj DlnðX=HÞj which are of course each the product
of a share and a deepening term, i.e. DlnðX=HÞj. All such terms are
weighted by their value added share of the aggregate. Note that aggre-
gation to the market sector level presents a set of issues set out in
Reinsdorf and Yuskavage (2010).

9.2 Data

We develop harmonized measures of intangible investment across
countries and sectors that are (a) consistent with national accounts
principles and (b) aligned with existing INTAN-Invest market sector
estimates of intangible capital for the following non-national accounts
intangible assets: brand, organizational capital, firm-specific training,
and design and other new product development costs.4 We then merge
these estimates with national accounts measures of new investment in
software, mineral exploration, and entertainment, artistic and literary
originals. Although R&D has been recently capitalized in the national
accounts of most European countries, at the time of writing national

4 This section draws from Corrado et al. (2014).
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accounts data on R&D investment by industry are not available for
many countries.

The estimates cover fourteen European countries (Austria, Belgium,
Germany, Denmark, Finland, France, Greece, Netherlands, Italy,
Ireland, Portugal, Spain, Sweden, and UK) at the NACE Rev2 sector
level (sectors A through N [excluding real estate] plus sectors R and S).
Thus the industry coverage is: agriculture, mining, manufacturing,
utilities, construction, trade, financial services, and other services, i.e,
eight (8) major sectors of economic activity.

To obtain industry-level data on intangibles, we use the framework
for estimating nominal expenditure set out in Corrado, Haskel, Jona-
Lasinio, and Iommi (2012) and we adopt two different empirical
approaches depending on data availability. When industry-level
information is not available, we use a top-down approach where the
economy-wide market sector data from INTAN-Invest are scaled
down to the industry level. If industry-level information and data
are available, we follow a bottom-up approach.

National accounts intangibles are of course gathered from individual
country websites or from Eurostat. R&D expenditure is based on BERD
surveys, also gathered from Eurostat. For assets not measured in
national accounts, we need to further distinguish between own account
and purchased intangible investment. Own account estimates usually
require detailed employment data by type of occupation and by industry
(e.g., from the Structure of Earning survey or the Labor Force survey).
Available information allows us to readily identify occupations related
with organizational capital, and this is the sole asset for which we newly
produce own-account measures at the industry level. See Corrado et al.
(2012) for how occupational informationwas used tomeasure spending
on new product development in the financial services industry.

Purchased intangibles are estimated from industry expenditure data
gathered from use tables compiled according to the new classification
system (NACE Rev2/CPA 2008) and available from 2008 onwards.
The use tables provide the industry distribution of expenditure for:
brand (proxied by advertising and market research expenditure),
design (purchases of architecture, engineering, and design services),
and organizational capital (purchases of management consulting ser-
vices). For these assets, we first produced a detailed benchmark esti-
mate of intangible investment in 2008 and then we built time series for
the period 1995 to 2010 applying the rate of change of value added by
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industry to the level of the estimated intangible gross fixed capital
formation in 2008.

Total training investment expenditure (i.e., the sum of purchased
and own account components) is calculated following a bottom-up
approach based on the information provided by Continuing
Vocational Training Survey; see Corrado et al. (2013) for an explana-
tion. Finally, because our benchmark is the INTAN-invest business
sector estimate of intangibles, we rescale the estimated value for each
industry, in each country, for every year, to the total provided by
INTAN-invest. Intangible investment in real terms and measures of
net capital stock used in the sources of growth analysis are obtained as
in Corrado et al. (2012, 2013).

9.3 Intangible investment and growth in EU countries
and industries

9.3.1 Intangible investment by country and industry

Using the newly developed data described in the previous section,wefirst
provide an overview of the dynamics of intangible investment and the
average intensity of R&D, nonR&D intangible and ICT investments in
manufacturing and services across fourteen European economies.5

Figure 9.1 shows that the average annual rate of growth of intangible
investment is relatively higher in the service sectors (5.4 percent) than in
manufacturing (3.0 percent) in all sample countries. Finland is the sole
country where intangible capital accumulation is more dynamic in man-
ufacturing than services.

ICT, R&D and nonR&D intangibles average intensity for manufac-
turing and services in all sample countries in 1995–2010 is reported in
Figure 9.2. Notice that while ICT intensity is higher in services, R&D
intensity is highly skewed towards manufacturing, as expected.
NonR&D intangible investment, by contrast, looks much more like
ICT: more evenly distributed than R&D but sometimes more intensive
in manufacturing and sometimes in services. Looking at the countries
in more detail, some interesting patterns emerge. For ICT, Portugal and

5 NonR&D intangible investments include: design, advertising and market
research, organizational capital, training and entertainment, and artistic
originals.
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Belgium are obvious laggards, but there is no very clear north/south
divide. For R&D, the southern countries such as Spain, Italy, and
Portugal are, as had been documented, rather lagging with intensity
particularly high in the Nordic countries. For nonR&D intangibles,
Spain is somewhat of a laggard, but the Nordic countries are by no
means leaders.

9.3.2 Growth accounting by country and industry

Because there are many industries we proceed here by reducing the
industries to three: other goods producers (including agriculture,
mining, and construction); manufacturing; and services (which cover
utilities, trade, financial services, and other services). The service sector
is between 60 percent (Finland) and 80 percent (UK) of value added and
so dominates in most of our countries (including Spain and Italy).
Other goods producers is rather small and so in the interests of read-
ability we omit it from Table 9.1.

The growth accounting results are summarized in Table 9.1, where
each panel refers to a macro sector (manufacturing, services, and value
added share weighted manufacturing plus services) by each country.
Each panel has a panel summary which consists of: (a) a value added
weighted total (and the share of DlnðV=HÞ) of that panel; (b) a simple
average of the panel (and its shares ofDlnðV=HÞ); and (c) a value added
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Figure 9.1 Intangible investments (chain linked volumes): compounded average
rates of growth, 1995–2010
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Figure 9.2 ICT, R&D and nonR&D investment intensity in the EU
Figures show average values from 1995 to 2010. Darker columns are

manufacturing, lighter columns are services.
Source: Authors’ calculations from the INTAN-Invest and EUKLEMS
databases.
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Table 9.1 Sources of industry labor productivity growth

Manufacturing

Contributions of components

Country

Labor
productivity
growth

Labor
composition

Tangible
capital
deepening ICT NonICT

Intangible
capital
deepening R&D NonR&D TFP

Austria 2.82 0.26 0.32 0.26 0.06 0.77 0.52 0.24 1.47
Germany 1.98 0.23 0.52 0.17 0.34 0.58 0.31 0.27 0.66
Spain 1.49 0.51 1.24 0.28 0.97 0.33 0.16 0.17 −0.59
Finland 4.28 0.30 0.59 0.40 0.19 1.39 0.93 0.46 2.00
France 2.98 0.60 0.84 0.33 0.51 0.63 0.22 0.42 0.91
Italy 0.34 0.45 0.80 0.19 0.60 0.23 0.07 0.16 −1.13
Netherlands 2.50 0.30 0.62 0.34 0.28 0.54 0.27 0.28 1.03
UK 3.09 0.64 0.78 0.37 0.41 0.40 0.14 0.26 1.27
Weighted total 2.03 0.40 0.71 0.25 0.46 0.51 0.24 0.27 0.41

Share of w’t total (%) 20 35 12 23 25 12 13 20
Average 2.44 0.41 0.71 0.29 0.42 0.61 0.33 0.28 0.70
Share of average (%) 17 29 12 17 25 13 12 29
Weighted total,
nonMed

2.51 0.38 0.63 0.26 0.37 0.60 0.29 0.31 0.91

Share w’t total,
nonMed (%)

15 25 10 15 24 12 12 36
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Table 9.1 (cont.)

Services

Contributions of components

Country

Labor
productivity
growth

Labor
composition

Tangible
capital
deepening ICT NonICT

Intangible
capital
deepening R&D NonR&D TFP

Austria 1.90 0.26 0.58 0.46 0.12 0.28 0.07 0.21 0.77
Germany 1.24 0.04 0.86 0.45 0.42 0.16 0.04 0.13 0.17
Spain 0.35 0.34 1.11 0.46 0.65 0.13 0.05 0.08 −1.22
Finland 1.55 0.08 −0.22 0.35 −0.57 0.30 0.09 0.20 1.39
France 1.31 0.42 0.59 0.32 0.27 0.37 0.08 0.29 −0.07
Italy 0.14 0.21 0.48 0.24 0.24 0.09 0.01 0.08 −0.64
Netherlands 2.17 0.33 0.78 0.54 0.24 0.38 0.05 0.33 0.68
UK 2.68 0.35 1.40 0.90 0.49 0.53 0.07 0.46 0.40
Weighted total 1.31 0.25 0.83 0.47 0.36 0.27 0.05 0.22 −0.04

Share of w’t total (%) 19 63 36 27 21 4 17 −3
Average 1.42 0.25 0.67 0.50 0.16 0.34 0.07 0.27 0.56
Share of average (%) 17 47 36 11 24 5 19 39
Weighted total,
nonMed

1.69 0.25 0.87 0.52 0.35 0.33 0.06 0.27 0.25

Share w’t total,
nonMed (%)

15 51 31 20 19 4 16 15
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Manufacturing plus services

Contributions of components

Country

Labor
productivity
growth

Labor
composition

Tangible
capital
deepening ICT NonICT

Intangible
capital
deepening R&D NonR&D TFP

Austria 2.18 0.26 0.50 0.40 0.10 0.43 0.21 0.22 0.99
Germany 1.50 0.11 0.74 0.35 0.39 0.31 0.13 0.18 0.34
Spain 0.66 0.38 1.15 0.41 0.74 0.18 0.08 0.11 −1.05
Finland 2.63 0.17 0.10 0.37 −0.27 0.73 0.42 0.30 1.64
France 1.71 0.46 0.65 0.32 0.33 0.43 0.11 0.32 0.17
Italy 0.20 0.28 0.58 0.23 0.35 0.13 0.03 0.11 −0.79
Netherlands 2.24 0.32 0.75 0.49 0.25 0.42 0.10 0.32 0.76
UK 2.76 0.41 1.27 0.80 0.48 0.51 0.09 0.42 0.58
Weighted total 1.52 0.29 0.80 0.41 0.39 0.34 0.11 0.23 0.09
Share of w’t total (%) 19 52 27 26 22 7 15 6
Average 1.73 0.30 0.72 0.42 0.30 0.39 0.15 0.25 0.33
Share of average (%) 17 41 24 17 23 8 14 19
Total 1.92 0.29 0.80 0.45 0.35 0.41 0.13 0.28 0.44
Share w’t total,
nonMed (%)

15 42 23 18 21 7 15 23

Notes: (1) Data are for manufacturing and services: services are a value added weighted aggregate of utilities, trade, financial services, and other
services. (2) Labour quality contribution: compensation-weighted growth in person-hours per hour. Tangible capital deepening (TCD) contribution:
rental-price weighted growth in real capital stocks per hour of commercial buildings, vehicles, plant, and computer hardware and software. Then we
split TCD into ICT and NonICT capital deepening, where ICT includes software. Intangible capital deepening (ICD) contribution: rental-price
weighted growth in real capital stocks per hour of R&D, mineral exploration, artistic originals, design, new financial products, branding, training,
and organizational capital, split into R&D and NonR&D contributions. (3) Countries are Austria (at), France (fr), Finland (fi), Germany(de), Italy
(it), Netherlands (nl), Spain (es), and UK (uk).
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weighted total of the non-Mediterranean countries (and their shares of
DlnðV=HÞ).

The columns areDlnðV=HÞ and the contributions ofDlnðL=HÞ (labor
composition), tangible capital (DlnðK=HÞ), which consists of ICT and
nonICT tangible capital (DlnðKICT=H) and DlnðKNonICT=HÞ), intangi-
ble capital (DlnðR=HÞ), which consists of R&D and nonR&D intangi-
ble capital and DlnTFP, which is a residual. The numbers may not add
up exactly due to rounding.

With this in mind, what do we learn from these findings? First, the
low growth economies of Spain and Italy may be grouped together.
Their labor productivity is the lowest, in manufacturing and services,
and it is driven by negative TFP in both sectors. In both countries, in
both sectors, the contribution of intangibles is the lowest and the
contribution of tangibles among the highest. So these are tangible
intensive economies, with small intangible contributions, all of which
are outweighed by negative DlnTFP.

Second, turning to the high growth economies, all have higher
DlnðV=HÞ in manufacturing rather than services. DlnTFP is 36% of
DlnðV=HÞ in manufacturing and 15% in services. DlnðR=HÞ is 15% in
manufacturing but 21% in services. Tangible capital contributes 25%
of DlnðV=HÞ in manufacturing and 51% in services (made up of 10%
and 31% from ICT tangible capital). So on average, about 20% of
productivity growth in both sectors comes from intangibles while the
rest is driven by TFP in manufacturing and ICT in services.

To summarize, we have three sets of countries. First, Spain and Italy
show high contributions of DlnðK=HÞ, little contribution from
DlnðR=HÞ, and very poor DlnTFP. Second, Germany and France
show relatively high contributions of DlnðK=HÞ, modest DlnðR=HÞ,
and low DlnTFP. Third, Austria, Finland, Netherlands, and the UK
show high contributions of DlnðK=HÞ and DlnðR=HÞ and high
DlnTFP.

To get an overall view, the lower panel of the table sets out, for each
country, the weighted sum ofmanufacturing and services. As that panel
shows, Spain and Italy have low DlnTFP and DlnðV=HÞ. The panel
summary shows the weighted and unweighted averages corresponding
therefore to the performance of a synthetic Europe (composed of
manufacturing and services in these countries) and average country in
that synthetic Europe. Note that even in the Mediterranean countries,
services are more than 60 percent of total employment (including
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agriculture and minerals) and 80 percent in the UK. So when weighting
all the sectors together, country performance is dominated by services.

What do we find? First, in both cases, intangible capital, DlnðR=HÞ
accounts for 23% of DlnðV=HÞ, where 7% and 15% are due to R&D
and nonR&D intangibles respectively. Second, tangible capital,
DlnðK=HÞ, accounts for around 50% of DlnðV=HÞ, split roughly
equally between ICT and non ICT tangible capital. Third, labor quality
accounts for about 20% of DlnðV=HÞ. Finally, TFP is zero in the
synthetic country, due to the large negative TFPs in Spain and Italy
and relatively poor services sector TFPs elsewhere, but about 19% of
DlnðV=HÞ on average.

9.3.3 Section summary

We have the following. First, to understand economy productivity one
has to understand the service sector – what drives service sector pro-
ductivity in Europe? Intangibles accounts for about 25% of it, most of
which is not from R&D but nonR&D intangibles. ICT accounts for
about 35% of it and nonICT about 30%. Labor composition contri-
butes about 20%. Over this period, TFP growth in European services
has been very poor: contributing around 15% in non-Mediterranean
countries and negative in Mediterranean countries. Second, what
drives manufacturing productivity in Europe? About 25% is due to
intangibles, half of which is due to R&D. Around 20–30% is due to
TFP and 25–35% due to tangible capital, of which about one-third is
ICT. Overall, ICT and intangibles are relevant drivers of growth both
in services and manufacturing even if to a different extent across
countries. These findings suggest a deeper investigation of the joint
contribution of ICT and intangible capital might further deepen our
understanding of productivity.

9.4 Exploring complementarity between intangibles and ICT

As Caves et al. (1982) show, the TFP calculation shown in equation 5 is
consistent with any pattern of substitution/complementarity between
inputs up to a translog form. However, this does not shed light on just
what patterns exist and so in this section we explore how adding
intangibles and their interactions with ICT might affect production
function estimates. Figure 9.3 provides a schematic representation of
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the main linkages between ICT and knowledge based capital poten-
tially at work in a production process. Besides the direct growth con-
tribution of each single capital asset (solid arrows) there may be
synergies between them (dashed arrows) that affect productivity
growth.

Micro-economic evidence suggests that the link from firm-level ICT
adoption to productivity growth depends on co-investments in intan-
gible capital, e.g. training and organizational change (e.g. Bresnahan,
Brynjolfsson, and Hitt 2002; Brynjolfsson et al. 2002). On the other
hand, macro-economic evidence on the joint/disjoint contribution of
ICT and intangibles to industry productivity growth is still scant,
mainly because of lack of industry data on intangibles. Some key
macro-economic productivity studies have nonetheless suggested that
the returns to ICT and productivity growth are higher once proxies for
intangibles are included, e.g., Basu et al. (2004) and Acharya and Basu
(2010). Corrado, Haskel, and Jona-Lasinio (2014) found the estimated
output elasticities of ICT capital in a production function are reduced
when intangibles are introduced, suggesting that, as conjectured in
much of the pre-intangible data literature, returns to ICT depend
crucially on the presence of “unmeasurable” intangibles. They found
that productivity growth in ICT intensive industries is relatively higher
in countries with fast growing intangible capital accumulation thus
corroborating the assumption that ICT and intangibles are comple-
ments in production.

ICT

R&DNon R&D
INTG

INNOVATION

PRODUCTIVITY

Figure 9.3 Complementary assets, innovation, and productivity growth
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9.4.1 Econometric approach

Starting from equation 4 we might explore complementarities by writ-
ing down a full translog specification with all inputs interacted and/or
estimate a system of factor demands. This would be stretching our data
too far, and so we opted for a simpler approach, following (Rajan and
Zingales 1998) who evaluate the extent to which the growth contribu-
tion of intangible capital is conditional on the intensity of ICT capital.

Thus we estimate the following specification:

DlnðQi;c;t=Hi;c;tÞ ¼ α1DlnðKICT
i;c;t =Hi;c;tÞ þ α2DlnðKNonICT

i;c;t =Hi;c;tÞ

þ α3DlnðRi;c;t=Hi;c;tÞ þ α4DlnðRi;c;t=Hi;c;tÞ & lnðKICT=HÞi;c

þ α5lnðKICT=HÞi;c þ α6DlnðL=HÞi;c;t þ λi þ λc þ λt þ ηi;c;t:

ð7Þ

where Q denotes value added adjusted to include intangible capital (as

in Corrado et al. 2005, 2009), H is total hours worked, lnðKICT=HÞi;c
denotes country-industry’s average (log) ICT intensity, and Ł is labor
quality.6 Notice that a relevant characteristic of the multiplicative
interaction models is that they are symmetric with respect to the
interacted terms. That is the interaction term in equation (7) does
not say anything about the causality between DlnK and DlnR
(Brambor, Clark and Golder 2006).7 Thus we take a pragmatic
approach and we assume that ICT is our conditional variable affecting
the impact of co-investment in intangibles on productivity growth. Put
differently, we assume that the output elasticity of intangible capital
depends on ICT intensity.8

A number of points are worth making. First, the term we use to
capture the differential impact of intangibles on productivity growth in
ICT intensive sectors is the time average of ICT intensity of all indus-
tries interacted with the rate of growth of intangible capital in industry
i, country c at time t. Second, we have modelled DlnAc;i;t in equation 4

6 See Corrado, Haskel, Jona Lasinio (2014).
7 In equation(7) we cannot distinguish ifDlnKmodifies the effect ofDlnR on DlnQ,
or if it is DlnR that modifies the effect of DlnK on DlnQ.

8 We have tested also the extent to which the output elasticity of ICT depends on
intangible intensity but with less statistically robust results.
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as DlnAc;i;t ¼ λc þ λi þ λt þ ηc;i;t where the λ’s are unobserved country,
industry, and time effects.

Third, we use lnðKICT=HÞi;c , that is, the average of the log of inten-
sity, since it gave much better determined results than interactions with
the unlogged intensity (such interactions were statistically insignifi-
cant): note that there is some economics in this restriction, since it
bounds the output elasticity of R as ICT intensity rises.

Fourth, note that the industry dummies control for the possible corre-
lation between specific industry characteristics and our measure of ICT
intensity. If our proxy for ICT intensity in equation (7) is at all correct,
we should find α4>0, indicating that each countries industries that are
more ICT intensive grow faster when ICT stocks are complemented by
higher intangible capital accumulation. Industry dummies also ensure
the results are invariant to the measurement scale of ICT-intensity.9

9.4.2 ICT and intangibles: complementary or substitutes?

Figure 9.4 shows the relationship between ICT and intangible capital in
eight EU countries.10 The Y-axis of Figure 9.4 plots the rate of growth
of per hour intangible capital accumulation, for R&D and nonR&D
intangibles; the X-axis shows DlnKICT=H. The figure shows a positive
relation between intangible and ICT capital accumulation across the
countries and industries in our sample, suggesting complementarity
between the two types of capital.

Table 9.2 shows the cross correlations between long differences of
DlnKICT=H, DlnKR&D=H, and DlnKNonR&D=H.

ICT is strongly correlated with nonR&D intangible capital and less
correlated with R&D (0.3). Decomposing nonR&D intangibles into its

9 Chen, Niebel, and Saam (2014) use very similar data and approach but they find a
negative interaction between ICT-intensity and DlnðKICT=LÞi;c (which is statisti-
cally significant at OLS, but not so with IV). Their implied output elasticity of R
is 0.30 at the ninetieth percentile of ICT-intensity. We differ from their work by
(a) we do not interact ICT-intensity with all intangible capital because we are not
sure of the theoretical rationale for an interaction with e.g. buildings; (b) we add
both interacted and also uninteracted terms as controls in all specifications which
is more econometrically appropriate (Brambor et al. 2006); and (c) our intensity
variable is in log form, which gives no negative signs and a lower (perhaps more
plausible) output elasticity (0.16 at the ninety-fifth percentile of ICT-intensity,
see below.)

10 The econometric analysis covers a smaller number of countries because of lack of
data availability for tangible capital stock in EUKLEMS.
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Figure 9.4 ICT versus intangible nonR&D, and R&D capital stocks
Note. Figure shows first differences, country/industries, 1995–2010.
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Table 9.2 Correlations between ICT, R&D, nonR&D intangibles: long differences (1995 –2007)

Dln (K(ICT)/
H) i,c,t

Dln (R(R&D)/
H) i,c,t

Dln (R(Non
R&D)/H) i,c,t

Dln (Rtrain/
H) i,c,t

Dln (R(org)/
H) i,c,t

Dln (Rmkt/
H) i,c,t

Dln (Rdes/
H) i,c,t Dln (L/H) i,c,t

Dln (K(ICT)/H) i,c,t 1.000
Dln (R(R&D)/H) i,c,t 0.338 1.000
Dln (R(Non R&D)/H) i,c,t 0.566 −0.192 1.000
Dln (Rtrain/H) i,c,t 0.362 −0.042 0.485 1.000
Dln (R(org)/H) i,c,t 0.449 −0.279 0.821 0.235 1.000
Dln (Rmkt/H) i,c,t 0.557 0.031 0.635 0.286 0.571 1.000
Dln (Rdes/H) i,c,t 0.519 0.024 0.723 0.344 0.682 0.668 1.000
Dln (VA/H) i,c,t 0.569 −0.226 0.833 0.427 0.797 0.460 0.566 1.000
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main components reveals that organizational capital, brands, and design
are all strongly correlated with ICT as suggested by the above-cited
literature.

9.4.3 Estimation results

Table 9.3 reports estimates of equation (7). The dependent variable is
the rate of growth of value added per hours worked DlnQ=H. All
regressions contain country, industry, and time fixed effects and are
estimated by robust regression methods to guard against outliers.
Column 1 estimates equation (7) but excluding the interaction terms.
In all regressions, DlnðL=HÞ is lagged one period. As column 1 shows,
each of the standard inputs, DlnðL=HÞt"1, DlnK

NonICT , and DlnKICT

are positive and statistically significant, and DlnðR=HÞ is positive, but
statistically insignificant.

For the purposes of understanding the data, columns 2 and 3 replace
DlnðR=HÞ, which includes all intangibles with nonR&D intangibles
(column 2) and just R&D (column 3). The former are statistically
significant, but the latter not: of course, strictly these regressions
might be biased since DlnðQ=HÞ would have to be recalculated to
capitalize these restricted intangible assets.

Column 4 tries the interaction terms, lnðKICT=HÞ & DlnðR=HÞ and
lnðKICT=HÞ is positive and statistically significant (i.e., α̂4>0) as
expected and supports the assumption that each countries industries
that are more ICT intensive grow faster when ICT stocks are comple-
mented by higher intangible capital accumulation (we show the result-
ing marginal effects below).

The remaining columns try similar interaction effects but with each
individual intangible asset; so for example column 5 enters

lnðKICT=HÞ & DlnðR=HÞ but where R excludes R&D. The other col-
umns test just R&D, organizational capital (DlnRORG),training
(DlnRTRAIN), design (DlnRDES), and market research (DlnRMKT).11

11 Note that in all columns when inserting individual intangible assets we add both
interacted and all un-interacted terms as controls, so for example, column 7 enters

lnðKICT=HÞ & DlnðRðorgÞ=HÞ, lnðKICT=HÞ, DlnðRðorgÞ=HÞ, and
DlnðRðNon" orgÞ=HÞ, where DlnðRðNon" orgÞ=HÞ are all intangibles except
organizational capital.
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Table 9.3 Augmented production function (dependent variable: DlnðQ=HÞi;c;t

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

VARIABLES
DlnðL=HÞi;c;t"1 0.16* 0.20** 0.34*** 0.32*** 0.28*** 0.34*** 0.28*** 0.40*** 0.29*** 0.26***

(1.92) (2.40) (4.77) (3.90) (3.45) (4.72) (3.35) (5.06) (3.59) (3.13)
DlnðKNon"ICT=HÞi;c;t 0.18*** 0.12** 0.28*** 0.12** 0.11** 0.27*** 0.14*** 0.06 0.22*** 0.15***

(3.49) (2.46) (6.62) (2.24) (2.31) (6.09) (2.74) (1.14) (4.00) (2.87)
DlnðKICT=HÞi;c;t 0.12*** 0.08*** 0.11*** 0.18*** 0.12*** 0.12*** 0.15*** 0.13*** 0.13*** 0.15***

(4.76) (3.14) (5.24) (6.84) (4.73) (5.03) (5.84) (5.28) (5.14) (5.77)
DlnðR=HÞi;c;t 0.07 0.04

(1.37) (0.76)
DlnðRNonR&D=HÞi;c;t 0.27*** 0.20***

(5.94) (4.05)
DlnðRR&D=HÞi;c;t −0.01

(−0.50)
lnðKICT=HÞi;c 0.01** 0.01* −0.00 0.01*** 0.01*** 0.00 0.01***

(2.47) (1.83) (−0.17) (2.68) (3.91) (0.72) (2.76)
DlnðR=HÞi;c;t & lnðK

ICT=HÞi;c 0.06**
(2.49)

DlnðRNonR&D=HÞi;c;t & lnðK
ICT=HÞi;c 0.04*

(1.78)
DlnðRR&D=HÞi;c;t & lnðK

ICT=HÞi;c 0.00
(0.44)

DlnðRORG=HÞi;c;t & lnðK
ICT=HÞi;c 0.04*

(1.93)
DlnðRTRAIN=HÞi;c;t & lnðK

ICT=HÞi;c 0.05**
(2.35)

DlnðRDES=HÞi;c;t & lnðK
ICT=HÞi;c 0.09***

(4.14)
DlnðRMKT=HÞi;c;t & lnðK

ICT=HÞi;c 0.09*
Article II (2.79)

DlnðRORG=HÞi;c;t 0.09*
(1.74)

DlnðRTRAIN=HÞi;c;t 0.35***
(6.09)

DlnðRDES=HÞi;c;t 0.08
(1.37)

DlnðRMKT=HÞi;c;t 0.09*
(1.79)

Observations 528 528 440 528 528 440 528 528 517 528
R-squared 0.34 0.38 0.46 0.40 0.42 0.46 0.41 0.48 0.43 0.43

Notes: T-statistics in brackets.
*** p<0.01, ** p<0.05, * p<0.1. Final four columns also include DlnðR" Ra=HÞi;c;t where RðaÞ is the column asset.
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In all cases, except R&D, the interactive term, lnðKICT=HÞ and
DlnRORG, DlnRTRAIN, DlnRDES, and DlnRMKT are robustly statistically
significant suggesting complementarities between ICT and individual
nonR&D intangible assets.

The positive interaction effects between lnðKICT=HÞ and DlnR=H
suggests that labor productivity growth in above-average ICT intensive
countries-industries was faster in countries-industries experiencing
higher increases in intangible capital accumulation DlnR, or that ICT
capital and intangible capital are complements in production. This
result is represented in Figure 9.5 which shows the marginal effect of
DlnR=H between the fifth and ninety-fifth percentiles of the distribu-
tion of lnðKICT=HÞ, with shading representing the 95 percent confi-
dence interval where the conditions under which intangible capital
accumulation has statistically significant effect on productivity growth
are met.

As expected, in all cases themarginal effect is increasing as the degree
of ICT intensity increases. In fact, the confidence intervals show that
the marginal effect of DlnR=H is only statistically positive at quite high
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Figure 9.5 Marginal effect of intangible capital assets on productivity growth
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levels of lnðKICT=HÞ (with the exception of training, where the mar-
ginal effect is positive throughout).

To get some idea of the numbers involved, the top left panel shows
the marginal effect of DlnR=H when lnðKICT=HÞ>1. This turns out to
be above the sixtieth percentile in the distribution of lnðKICT=HÞ. At
the sixtieth percentile the elasticity is 0.10 whereas at the ninety-fifth
percentile it is is 0.16.

Note finally that the interactionwith the log of ICT intensity suggests
the marginal effect is bounded from becoming very high at high levels
of intensity. The marginal effect thus has diminishing returns in the
level of ICT-intensity, which makes economic sense.

9.5 Conclusions

This chapter merges international EUKLEMS industry data on output
and labor and tangible inputs with newly produced intan-invest
industry-level measures of intangible investment for fourteen EU econo-
mies in 1995–2010. We document intangible investment by industry in
fourteen European economies over this period, and then we undertake
growth accounting and look for complementarity between ICT and
intangible inputs restricting the sample to eight European countries.

Our major findings are as follows. First, intangible investment has
grown in manufacturing and services, but most strongly in services.
Second, the contribution of intangibles to labor productivity growth is
similar in both manufacturing and services (about 25 percent of labor
productivity growth) and in the high growth economies (Austria,
Germany, Finland, France, Netherlands, UK) exceeds the contribution
of labor quality (about 20 percent). Third, the very large size of the
service sector means that countries with good manufacturing but poor
service productivity growth (Germany and France) have done relatively
badly overall, and those with good service sector growth (UK,
Netherlands) have performed well. Fourth, Spain and Italy have very
low labor productivity growth due to very low TFP growth.

Finally, we find evidence of intangible/ICT complementarity in that
the marginal impact of intangible capital on productivity is greater in
industries/countries with higher ICT-intensity, a relation that also
holds for sub-classes of intangible assets.

As ever in this area, these findings would clearly benefit from better
data, not only on investment, but also for asset price deflators and
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depreciation rates. Nonetheless, these first steps suggest that further
development of intangible capital measures would be a worthwhile
investment.
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10 Do intangibles contribute to
productivity growth in East Asian
countries? Evidence from Japan
and Korea
hyunbae chun, tsutomu miyagawa,
hak kil pyo, and konomi tonogi

10.1 Introduction

The information and communications technology (ICT) revolution in the
1990s and the productivity growth it caused in the United States have
inspired new interest among economists in exploring sources of growth.1

Table 10.1 shows the standard growth accounting in Korea and Japan.
In the manufacturing sector in both countries, total factor productivity
(TFP) growth accelerated after 1995, while the contribution of capital to
economic growth declined. This has led economists to look for new
sources of economic growth. Hall (2000, 2001), Bresnahan,
Brynjolfsson, and Hitt (2002), and Basu et al. (2003) emphasized intan-
gible assets – that are complementary to ICT assets – and play a crucial
role in productivity improvement. However, they had to indirectly

1 This chapter is written based on our presentation at the 3rd World KLEMS
Conference. We thank Professor Jorgenson (Harvard University), Professor
Timmer (University of Groningen), and Professor Fukao (Hitotsubashi
University) and the participants at the 3rd World KLEMS Conference at Tokyo
on May 19–20, 2014 for their helpful comments and discussions. We also thank
Dr. Fujita, President of RIETI, and Dr. Morikawa, Vice-president of RIETI, for
their helpful suggestions. Excellent research assistance by Professor Hisa
(Kanagawa University) and Mr. Makino (Hitotsubashi University) is also
appreciated. This study is conducted as a part of the project “Study on Intangible
Assets in Japan” undertaken at Research Institute of Economy, Trade, and
Industry (RIETI) and supported in part by a Grant-in-Aid for Scientific Research
from the Ministry of Education, Culture, Sports, Science and Technology
(No. 22223004) of Japan. The study on Korea was conducted through the KIP
project at Korea Productivity Center supported by the KoreanMinistry of Trade,
Industry, and Energy.
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estimate the role of intangible assets due to the challenges in measuring
intangibles.2

Corrado, Hulten, and Sichel (2009) (hereafter referred to as CHS)
overcame this challenge and measured intangible investment at the
aggregate level in the US for the first time. Based on their estimation,
they found that the ratio of intangible investment to gross domestic
product (GDP) exceeded the ratio of tangible investment to GDP in the
early 2000s. After their success in measuring intangible assets, many
economists followed their method and estimated intangible investment
in their own countries.3

One of the major contributions of CHS’s work was to show the
contribution of intangibles (which have been hidden in the contribu-
tions of capital assets and TFP) to economic growth. CHS argued that

Table 10.1 Traditional growth accounting in Japan and Korea (%)

Japan Korea

1985–95 1995–2010 1985–95 1995–2010

Market economy
GDP growth 3.13 0.43 9.29 4.23
Labor input 0.44 −0.39 2.13 0.70
Capital input 1.64 0.44 5.14 1.84
TFP growth 1.05 0.38 2.02 1.68

Manufacturing
GDP growth 2.80 1.30 10.90 6.40
Labor input −0.28 −0.94 2.12 0.05
Capital input 1.56 0.45 5.67 2.27
TFP growth 1.52 1.80 3.11 4.07

Service
GDP growth 3.57 0.12 10.04 3.36
Labor input 0.86 −0.18 3.42 1.65
Capital input 1.70 0.45 5.56 1.76
TFP growth 1.00 −0.16 1.05 −0.05

2 Miyagawa and Kim (2008) also considered the role of intangible assets on
productivity improvement through the indirect measurement in intangible assets
by using firm-level data.

3 Barnes and McClure (2009) for Australia; Corrado et al. (2013) for the EU
countries; Fukao et al. (2009) for Japan; and Pyo, Chun, and Rhee (2010) for
Korea.
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one-third of the productivity growth in the late 1990s and the early
2000s is attributable to the growth in intangible assets, and the OECD
(2013) emphasized that the effects of intangibles on productivity
growth are greater than those of tangibles.

The framework constructed by CHS has been developed further,
mainly in two directions. One is to measure intangible investment by
industry. Aggregated data does not provide enough detailed informa-
tion to conduct a productivity analysis. As Jorgenson, Ho, and Stiroh
(2005), Inklaar, O’Mahony and Timmer (2005), and Fukao et al.
(2011) suggested, there is a significant productivity gap between ICT
industries and non-ICT industries. In addition, even in ICT-intensive
service industries, there is a productivity gap between the US and Japan.
To understand the above gaps, we require intangible investment data at
the industry level. Moreover, the aggregate series also constrains our
analysis. The measured time series intangible investment data are avail-
able for at most thirty years. This size of data is not sufficient for several
econometric analyses.

As a result, economists started measuring intangible investment at
the industry level in a few countries. Chun et al. (2012) estimated
intangible investment by industry in Japan and Korea using the Japan
Industrial Productivity (JIP) database and the Korea Industrial
Productivity (KIP) database, and following the framework developed
by CHS (2009). In their paper, they found that although the ratio of
intangible investment to GDP in Japan is higher than in Korea, the gap
in the ratios between two countries has contracted in many industries.
Using the same data in Korea, Chun and Nadiri (2016) conducted
growth accounting including intangibles. They divided twenty-seven
industries into intangible-intensive industries and non-intangible-
intensive industries and found that the productivity growth in the
former industries was higher than in the latter. They also showed that
intangibles are key drivers in productivity growth in the intangible-
intensive industries. Miyagawa and Hisa (2013) examined the effects
of intangible investment on productivity growth by using data on
intangibles in Japan. They found positive and significant effects of
intangible investment on productivity in ICT intensive industries.
Their results imply there are complementarities between ICT technol-
ogy and intangibles.

In Europe, Niebel et al. (2013) estimated intangible investment by
eleven sectors in ten EU countries by using in INTAN-Invest database.
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They found that the contributions of intangibles to productivity
growth are highest in the manufacturing and financial sectors.
Following the CHS approach, Crass et al. (2015) also estimated intan-
gible investment by six sectors in Germany. They also supported the
view that the manufacturing and financial and business service sectors
are intangible-intensive sectors. In these sectors, innovative capital
contributes to labor productivity growth. Comparing this with intan-
gible investment in the UK developed by Gil and Haskel (2008), they
found that the UK invests more in software, firm-specific human capi-
tal, and organizational structure thanGermany, while Germany invests
more in research and development (R&D) and advertising than the UK.

The second direction this framework was developed towards is to
reformulate CHS’s components of intangibles. When CHS started to
measure intangibles, only software investment was included as capital
formation in the United Nations System of National Accounts (SNA),
based on the 1993 SNA manual. However, the 2008 SNA manual
recommends including R&D investment as capital formation and it
has been accounted for as capital formation in many advanced coun-
tries. Therefore, Corrado et al. (Chapter 9, this volume) measure
intangible investment in the EU countries, reclassifying tangibles and
intangibles: non-ICT tangibles, ICT, R&D, and non-R&D intangibles.
Based on these new classifications, they examine complementarities
between capital assets, in particular ICT assets and R&D, and ICT
assets and non-R&D intangibles.

Following the two developments of CHS’s study, we examine intan-
gible investment by industry in Japan and Korea, and contributions of
intangibles to productivity growth. Although Japan and Korea are the
most advanced countries in East Asia, the growth paths in the recent
past of the two are different. The Japanese economy has suffered from
the long-term stagnation of the economy since the collapse of the
bubble economy in 1990. On the other hand, the Korean economy
has recorded higher economic growth than other advanced economies –
even though it experienced a serious downturn due to the financial
crisis in 1997. Therefore, we expect that we will find the different
effects of intangibles to economic growth in the two countries.4

4 Using the framework developed by McGrattan and Prescott (2005, 2010),
Miyagawa and Takizawa (2011) showed that the contribution of intangibles to
economic growth in Korea is lareger than that in Japan.
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In the Section 10.2, we introduce new asset classifications developed
by Corrado et al. (2014) and explain how to measure these assets in
Japan and Korea. In Section 10.3, we show some features of intangible
investment at the industry level in Japan with some comparisons with
estimates in Korea. As our industry classification is more sophisticated
than those in previous literature, we are able to provide useful informa-
tion for the composition of capital assets by industry. In the
Section 10.4, using growth accounting with intangibles, we examine
the contributions of intangible assets to productivity improvement.
In Section 10.5, we examine the correlations between ICT assets and
intangibles. In Section 10.6, we summarize our results.

10.2 Classification and measurement of capital assets

Economists have also developed classifications of intangibles. In Korea,
Pyo (2002) defined intangibles as computer software, mineral explora-
tion, cultural products such as entertainment, literature, and original
fine arts, and unproduced intangible assets such as patents and licen-
sing of mobile communication etc. Van Ark (2004) argued that human
capital, knowledge-based capital, organizational capital, marketing of
new products, and social capital, in addition to ICT capital, should be
taken into account in the knowledge economy.

The category of intangibles developed by CHS that we use to mea-
sure intangibles is broader than Pyo (2002) and narrower than van Ark
(2004). Intangible assets in CHS consist of computerized information,
innovative property, and economic competencies. However, as
Corrado et al. (2014) integrate tangibles and intangibles and reclassify
it into four types of assets: non-ICT tangibles, ICT, R&D, and non-
R&D intangibles, we will explain how we measure these assets by
industry. Our measurement depends mainly on the JIP database for
Japan and the KIP database for Korea andwe adjust industry classifica-
tions in both countries to twenty-seven industry classifications because
both industry classifications are slightly different between Japan and
Korea.5

5 In the JIP and KIP databases, we measure capital stock that firms own and do not
count capital stock that firms rent. In the measurement of intangible investment
by industry, we take the same approach as the capital account in the JIP and KIP
databases.
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10.2.1 Measurement of ICT investment and non-ICT
tangibles investment

As Fukao et al. (2011) showed, ICT assets consist of computing equip-
ment, communication equipment, and software. We obtain the data for
the first two assets from the JIP database and the KIP database. The last
asset defined byCHS, computerized information, consists of custom and
packaged software and own account software. In Chun et al. (2012), the
data in custom and packaged software in Japan were obtained from the
Japanese SNA. However, since 2012, the Japanese government has
published own account software investment as well as custom and
packaged software investment. Therefore, for the aggregate software
investment, not only Korea but also Japan follows the SNA data.
To measure software investment by industry, we allocate the total soft-
ware investment into each industry by using the FixedCapital Formation
Matrix (FCFM) in each country. Non-ICT tangibles are all tangibles
except computing equipment and communication equipment. We also
obtain this data by industry from the JIP database and the KIP database.

10.2.2 Measurement of R&D investment

Innovative property defined in CHS consists of science and engineering
R&D, mineral exploitation, copyright and license costs, and other pro-
duct development, design, and research expenses. Corrado et al. (2014)
defined the first two components of innovative property as R&D invest-
ment, which has been already counted in SNA in advanced countries.
In Japan, we estimate science and engineering R&D costs by using the
Survey of Research andDevelopment published by the Statistical Bureau
of the Ministry of Internal Affairs and Communications. In Korea, we
estimate science and engineering R&D costs by using the Survey of
Research and Development published by Ministry of Education,
Science, and Technology. In both countries we focus only on R&D
expenditures by the private sector. We obtain the data for investment
in mineral exploitation from the SNA in Japan and Korea.

10.2.3 Measurement of non-R&D intangibles

Intangibles except software and R&D are considered to be non-R&D
intangibles in Corrado et al. (2014). Non-R&D intangibles consist of
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copyright and license costs, other product development, design, and
research expenses, brand equity, firm specific human capital, and
organizational structure.

Copyright and license costs are constructed from the input–output (IO)
tables in each country. They consist of the intermediate inputs from the
publishing industry and the video picture, sound information, character
information, production, and distribution industry. In the new estimates
by Corrado et al. (2013), expenditures in entertainment and artistic
originals are measured instead of copyright and license costs. However,
we use only intermediate inputs from the video picture, sound informa-
tion, character information, production, and distribution industry.

As for the estimation of product development in financial services,
the estimation method by CHS was very controversial because they
assumed that 20 percent of intermediate inputs produced by financial
services can be assumed to be expenditures in intangible assets.
Recently, Corrado et al. (2013) suggested that the cost of new product
development in financial services was almost 8 percent of the com-
pensation of high skilled workers in the financial industry, to harmo-
nize their estimate with estimates in EU countries by COINVEST and
INNODRIVE projects. Thus, following Corrado et al. (2013)’s sug-
gestions, we also assume that 8 percent of the compensation of college
graduates in the financial and the insurance industries can be regarded
as expenditures in intangible assets in these industries.

Brand equity, firm specific human capital, and organizational struc-
ture is categorized as economic competencies in CHS. To measure
brand equity, we obtain the output data of the advertising industry
and allocate it into twenty-seven industries by using the IO table in the
JIP and KIP databases.

In estimating firm specific human capital, we focus on off-the-job-
training costs. In Japan, we estimate the ratio of off-the-job training
costs to total labor costs from the General Survey on Working
Conditions by industry published by the Ministry of Health,
Labor, and Welfare. We estimate off-the-job training costs by
firms by industry by multiplying this ratio by total labor costs in
the JIP database. For the opportunity cost of off-the-job training in
terms of working hours lost, we use the results obtained by Ooki
(2003). Ooki calculated the average ratio of the opportunity cost of
off-the-job training to direct firm expenses for training in 1998 for the
entire business sector using micro-data of the Survey on Personnel
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Restructuring and Vocational Education/Training Investment in the
Age of Performance-based Wage Systems (Gyoseki-shugi Jidai no
Jinji Seiri to Kyoiku/Kunren Toshi ni Kansuru Chosa) conducted by
the Japan Institute for Labor Policy and Training. The value was 1.51
and we use this same value to estimate the opportunity cost.

In Korea, employer-provided training costs are obtained from the
Report on Labor Cost of Enterprise Survey published by the Ministry of
Labor. The survey includes training costs only for establishments with
thirty ormore employees.We assume that establishmentswith fewer than
thirty employees spend 50 percent (relative to the total labor costs) less
than those with thirty or more employees, and we estimate the employer-
provided training costs for all establishments in each industry. Total
training costs are defined as the sumof the direct costs and the opportunity
costs of training. As the opportunity costs of training are not available, we
assume that the direct costs of training are equal to the opportunity costs.

To estimate expenditures into organizational structure, CHS
assumed that 20% of the remuneration of executives can be considered
intangible assets for an organizational structure. However, in Japan,
we believe 9% is a more accurate number, because only 9% of the total
working time of executives is spent on organizational reform and the
restructuring of organization, according to Robinson and Shimizu
(2006). We calculate the ratio of the remuneration of executives to
value added using the Financial Statements Statistics of Corporations
by Industry published by the Ministry of Finance. Then, we find the
expenditure for the organizational structure by industry by multiplying
this ratio to value added in the JIP database.

In Korea, consulting costs are considered to be firm-specific invest-
ments in organizational resources. To obtain expenditures on consulting
at the aggregate level, we use the gross output of consulting industry.
The industry-level consulting costs are also estimated from the IO tables.6

10.3 Intangible investment in Japan and Korea

Our measure of intangible investment (excluding hardware ICT invest-
ment) in Japan and Korea is shown in Figures 10.1a and b.7 In Japan,

6 The measurement of each component in intangible assets are explained in Chun
et al. (2012) and Chun and Nadiri (2016).

7 The industry-level intangible investment data in Japan is available at: www.rieti
.go.jp/jp/database/JIP2013/index.html#04-6.

354 Chun, Miyagawa, Pyo, and Tonogi

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.010
https://www.cambridge.org/core


0

5

10

15

20

25

30

35

40

45
19

80
19

81
19

82
19

83
19

84
19

85
19

86
19

87
19

88
19

89
19

90
19

91
19

92
19

93
19

94
19

95
19

96
19

97
19

98
19

99
20

00
20

01
20

02
20

03
20

04
20

05
20

06
20

07
20

08
20

09
20

10

Non-R&D intangible

R&D

ICT (software)

trillions of JPY

Figure 10.1a Intangible investment by industry and component in Japan, 2010
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the amount of intangible investment was about 40 trillion yen in 2010.
It peaked in 2007, after which it declined due to the depression caused
by the global financial crisis that occurred in 2008. On the other hand,
intangible investment in Korea has not been affected by business cycles
except the Asian financial crisis in 1997. Growing rapidly, it reached
about 80 trillion won in 2010. While growth in ICT investment is the
highest (5% per annum from 1995 to 2010) among the three compo-
nents in Japan, growth in R&D investment is the highest (11% per
annum from1995 to 2010) in Korea. R&D investment in Japan has not
increased in the past fifteen years. We also find a gap in the growth rate
in investment in non-R&D intangibles between Japan and Korea.
In the past fifteen years, its annual growth rate in Korea was 6.5%,
while its growth rate in Japan was only 1.1%. However, the ratio of
intangible investment to GDP in Japan (7.5%) is still higher than in
Korea (7.4%) in the 2000s.

In Figures 10.2a and b, we compare intangible investment by indus-
try and by asset between Japan and Korea in 2010. In the manufactur-
ing sector, the composition of the assets in Japan is similar to Korea in
the sense that the share of R&D investment is the largest. However, in
the service sector, software investment in Korea is greater than in Japan
in some industries such as information and communication and busi-
ness service industries. In the non-market sector such as education and
health and social work industries, software investment in Korea is also
larger than in Japan. In addition, in business service, education, and
culture and entertainment services industries, investment in economic
competencies in Korea is greater than in Japan.

We also compare intangible investment in Japan and Korea with
Germany and the UK in Table 10.2.8 Table 10.1 shows the intangible
investment/gross output ratio by sector in four countries.
The intangible investment/output ratios in European countries are
higher than those in Japan and Korea. In particular, intangible invest-
ment/output ratios in the service sector are much higher than those in
other countries.9

8 The data in European countries are obtained from Crass et al. (2015).
9 The intangible investment/output ratios in the manufacturing sector in Korea
seem to be very low. These low ratios in Korea are caused by low value added/
gross output ratio in the manufacturing sector. When we look at the intangible
investment/gross value added ratio in themanufacturing sector in Figure 10.2, the
ratios in machinery industries are very high.
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Figure 10.2a Ratio of intangible investment to GVA by industry in Japan,
2010
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Figure 10.2b Ratio of intangible investment to GVA by industry in Korea,
2010
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Table 10.2 Comparison of intangible investment/gross output ratio (%)

2000 2004 2010

Japan Korea Germany UK Japan Korea

Agriculture and mining 1.6 0.3 2.8 3.0 1.6 0.4
Manufacturing 6.0 2.4 6.1 8.3 6.4 2.8
Utility 2.8 2.5 3.1 2.9 2.6 1.5
Construction 1.8 1.2 2.1 3.6 1.6 1.4
Retail, hotel, and transportation 2.8 2.0 3.5 6.4 2.7 2.1
Financial and business services 6.2 5.8 7.8 8.4 8.0 5.6

C6
7D

6
2

2:23
6

2C9CC
,

 42
3

:586 
8

4
6

C6
 9CC

,
5

: 
8

 
 

.
2565

7
9CC

,
 42

3
:586 

8
4

6 
2

3
:586

1
:

6
:C

0
2:

/2
2C

,
,

D3
64CC

C96
2

3
:586

6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.010
https://www.cambridge.org/core


We estimate capital stock in intangible assets based on the measure-
ment of expenditures in intangible assets. The capital formation series
in intangible investment is measured in nominal terms. Using the
deflator by assets in the JIP and KIP databases, we construct a real
capital formation series in intangible assets. Then, we generate the
capital formation series by using the perpetual inventory method to
find real capital stock in intangible assets. To measure capital stock in
intangibles, we use the depreciation rates used in Corrado et al. (2013).

To find the composition of capital assets by industry, we have the
share of each asset by industry in Figures 10.3a and b. The share of non-
ICT tangibles for most industries is the largest among the four types of
assets in both countries, but we find some differences in the shares of
other assets between Japan and Korea. In the manufacturing sector,
Japanese machinery industries such as machinery equipment, electrical
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Figure 10.3a The composition of capital assets by industry in Japan, 2010
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and electric equipment, precision instruments, and transportation
equipment aremore R&D-intensive thanKoreanmachinery industries.
On the other hand, most Korean service industries such as information
and communication, business service, education, and culture and enter-
tainment are more ICT-intensive than Japanese service industries.

10.4 The role of intangible assets on productivity improvement

Using our estimates on intangibles, we conduct a growth accounting
including intangible assets to examine their impacts on productivity
growth. A feature of the new growth accounting is that we can break
down the contribution of capital assets into four types of assets as
shown in Figures 10.3a and b. Based on the asset classification in
Figures 10.3a and b, the production function in industry i for value
added, Vit, can be expressed as
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Figure 10.3b The composition of capital assets by industry in Korea, 2010
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Vt;i ¼ At;iFðLt;i;Kt;i;Ct;i;Rt;i;Zt;iÞ; ð1Þ

where Lt;i is labor input, Kt;i, Ct;i, Rt;i, Zt;i are non-tangible assets,
ICT assets, R&D assets, and non-R&D intangible assets, respectively.
A is TFP. Value-added (V ) is adjusted for intangibles as
PV
t;iVt;i≡ PY

t;iYt;i þ PH
t;iHt;i,Y is value added before considering intangible

assets, H is intangible investment that is not included in the SNA. Then,
we may express a growth accounting relation from equation (1) as,

Dvt;i ¼
∂F
∂Lt;i

Lt;i

Vt;i
Dlt;i þ

∂F
∂Kt;i

Kt;i

Vt;i
Dk t;i þ

∂F
∂Ct;i

Ct;i

Vt;i
Dct;i

þ ∂F
∂Rt;i

Rt;i

Vt;i
Drt;i

∂F
∂Zt;i

Zt;i

Vt;i
Dzt;i þ Dat;i ð2Þ

where Dxi ¼
_Xi
Xi

¼
XN

j¼1

wXjXj;i

XN

j¼1

wXjXj;i

_Xj;i

Xj;i
X ¼ L;K;C; R; or Zð Þ

Xj;i represents an input factor that has the character j in industry i and
wj;i represents the price of an input factor which has the character j in
industry i.

As for the estimation strategy for growth accounting, we can esti-
mate the production function in equation (1) using the growth rates of
the value added and inputs, while interpreting coefficients on each
input as a share. Alternatively, we can calculate the share of its input
using the data on labor income and capital spending, and use the
growth rates of value added and input to conduct the above growth
accounting exercise. In our growth accounting, we take the alternative
approach. To measure the share of capital income in the alternative
approach and capital service, we calculate the cost of capital for asset
j as follows,

CCt;j ¼ p t;jðit þ δt;j % πt;jÞ=ð1 % u tÞ; ð3Þ

where pj is the price of investment goods for capital j, i is the nominal
interest rate (calculated as the weighted sum of the bond rate and long-
term prime rate).10 δj is the depreciation rate of capital j, πj is the
expected rate of increase in the price of investment goods. We assume

10 The weights used here are the ratios of debt to total assets by industry.
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perfect foresight for the expected rate of increase in the price of invest-
ment goods and use the growth rate of the price between this period
and the next period. We can calculate the cost of capital (CC) for each
type of tangible and intangible assets.11

Table 10.3 shows the results of growth accounting based on equa-
tion (2) in Japan and Korea. In Table 10.3, we find that the growth rate
in the market economy slowed down drastically after 1995 in both
countries due to the financial crises in the late 1990s. While all produc-
tion factors including intangibles induced the slowdown in the growth
rate after 1995 in Japan, the contribution rate of R&D assets to value
added growth in Korea has kept a constant rate from 1985 to 2010.

When we compare the manufacturing and the service sectors in
Japan, the growth rate of value added in the service sector has slowed
more than in the manufacturing sector. While both the non-ICT tangi-
bles and R&D assets and TFP growth are major contributors to value
added growth in the manufacturing sector, we find a low contribution
of non-R&D assets and a negative contribution of TFP growth to value
added growth in the service sector after 1995.

In Korea, value added growth in both sectors has declined dramati-
cally after 1995. However, the contribution rate of R&D assets to
value added growth has kept the same pace since 1980. While TFP
growth rate in the manufacturing sector accelerated after 1995, TFP
growth rate in the service sector turned to be negative after 1995, as
shown in the growth accounting in Japan.

Next, we compare a growth accounting with intangibles to
a traditional growth accounting shown in Table 10.1 in both countries.
The value added growth in a traditional growth accounting is different
from in the growth accounting with intangibles, as spending in intan-
gibles is treated as investments rather than intermediate expenses, and
thus are part of value added. Due to the inclusion of intangibles into
capital input, the contribution of capital input in the growth account-
ing with intangibles is greater than in the traditional growth account-
ing. In contrast, TFP growth in the growth accounting in Table 10.3 is
smaller than that in Table 10.1 except for the case of the service sector
after 1995 in Korea. In particular, TFP growth substantially decreased

11 We take the effects of capital income tax on cost of capital into account only in
the case of computerized information, because other intangibles are treated as
intermediate inputs in the current financial statement.
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in Japanese manufacturing during the 1985–1995 period, when intan-
gibles were rapidly accumulated.

Lastly, we compare our growth accounting results with those for the
US and Europe in Corrado et al. (2013) that also incorporates

Table 10.3 Growth accounting with intangibles (%)

Japan Korea

1985–95 1995–2010 1985–95 1995–2010

Market economy
GDP growth 3.03 0.62 9.46 4.32
Labor input 0.38 −0.37 2.00 0.60
Capital input 2.09 0.61 5.61 2.11
Non-ICT tangibles 1.00 0.22 3.88 1.33
ICT 0.54 0.29 1.04 0.36
R&D 0.29 0.08 0.30 0.29
Non-R&D
intangibles

0.26 0.02 0.38 0.12

TFP growth 0.56 0.38 1.86 1.61

Manufacturing
GDP growth 2.51 1.53 11.14 6.55
Labor input −0.29 −0.77 1.87 −0.18
Capital input 2.49 0.70 6.40 2.84
Non-ICT tangibles 0.90 0.28 3.61 1.74
ICT 0.46 0.17 1.60 0.25
R&D 0.85 0.23 0.74 0.72
Non-R&D
intangibles

0.28 0.02 0.45 0.13

TFP growth 0.31 1.59 2.87 3.88

Service
GDP growth 3.57 0.25 10.14 3.38
Labor input 0.80 −0.18 3.27 1.54
Capital input 2.02 0.67 5.92 1.84
Non-ICT tangibles 1.03 0.19 4.58 1.19
ICT 0.62 0.37 0.84 0.47
R&D 0.04 0.02 0.08 0.06
Non-R&D
intangibles

0.34 0.09 0.42 0.12

TFP growth 0.74 −0.23 0.94 −0.01
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intangible assets. Corrado et al. (2013) broke down the labor produc-
tivity growth rate, which was measured using hours worked, into
tangible assets, capital deepening rate of intangible assets, change in
labor composition, and TFP growth rate. We follow their method in
breaking down the labor productivity growth rate by using our data.

Table 10.4 shows the international comparison of growth account-
ing after taking intangible assets into account. We find that Japanese
capital deepening rate of intangible assets is 0.2% and lower than the
average international standard. On the other hand, the capital deepen-
ing rate of intangibles in Korea is 0.6%, and is slightly higher than the
average rate in European countries.

The share of capital deepening of intangible assets in the labor produc-
tivity growth rate is 9.5% in Japan and 13% in Korea, compared to
33.7% in the US and 19.9% in the EU respectively. After 1995, the
accumulation of intangible assets played a key role in productivity growth
in developed countries. On the other hand, the labor productivity growth
in Japan after 1995 has been attributed to a compositional shift in the
labormarket – an increase in higher quality labor due to a higher demand
for higher education. However, there is a limit to this trend and once the
number of people pursuing higher education hits the ceiling, this compo-
sitional effect would be muted. In that sense, it is necessary to accumulate
intangible assets up to the level comparable to other developed countries.
In the case of Korea, tangible capital deepening and TFP growth are two
main contributors to labor productivity growth. The source of labor
productivity growth in the Korean economy has changed from massive
tangible capital investments in the rapid growth period of 1970s and
1980s, toward intangible investment and TFP growth after the 1990s.
However, the contribution of intangibles to labor productivity growth in
Korea is still relatively small compared to those in the US and European
countries.

10.5 Correlations between ICT and R&D, and ICT
and non-R&D intangibles

Bresnahan et al. (2002) and Basu et al. (2003) argued that intangibles play
a complementary role on the effects of ICT assets on productivity growth.
Our growth accounting in Table 10.3 also suggests that ICT assets and
non-R&D assets moved together. However, the growth accounting exer-
cise only captures the independent contribution of each asset. Then, we
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Table 10.4 International comparison of labor productivity growth, 1995 –2007 (%)

Labor
productivity
growth

Capital
deepening Tangible assets

Intangible
assets

Labor
composition TFP growth

Japan 2.1 0.9 0.7 0.2 0.8 0.5
Korea 4.6 2.3 1.7 0.6 0.7 1.7
Austria 2.4 0.8 0.3 0.5 0.2 1.4
Belgium 1.8 0.7 0.2 0.5 0.1 0.9
Czech Republic 4.2 2.4 1.9 0.5 0.3 1.5
Denmark 1.4 1.2 0.7 0.5 0.2 −0.1
Finland 3.8 0.9 0.2 0.7 0.2 2.6
France 1.9 1.0 0.4 0.6 0.4 0.4
Germany 1.7 1.0 0.7 0.3 0.0 0.7
Ireland 3.8 1.4 0.8 0.6 0.1 2.2
Italy 0.6 0.7 0.5 0.2 0.2 −0.4
Netherlands 2.3 0.9 0.4 0.5 0.7 2.8
Slovenia 5.3 1.7 1.2 0.5 0.7 2.8
Spain 0.8 1.0 0.7 0.3 0.5 −0.6
Sweden 3.7 1.9 1.1 0.8 0.3 1.4
UK 2.9 1.5 0.8 0.7 0.4 1.1
US 2.7 1.7 0.8 0.9 0.2 0.8

Note: In Japan and Korea, labor productivity growth from 1995 to 2010 is decomposed and the decomposition of labor productivity growth
conducted by Corrado et al. (2013).
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examine the correlations between ICT andR&D, and ICT and non-R&D
intangibles in this section.We take the five-yearmoving average growth of
ICT assets, R&D assets, and non-R&D intangibles in Japan and Korea
from 1990 to 2010, and examine correlations among these assets.
Figures 10.4a and b show the correlations between growth in ICT and
R&D assets in Japan and Korea. We find positive correlations between
the two assets in Japan andKorea, however, as shown inTable 10.5, these
positive correlations are affected by the strong positive correlations
between the two assets in the 1990s. The correlations in Japan turned
out to be negative in the 2000s. In Korea, although the positive correla-
tions were kept in the 2000s, they were not significant.

Figures 10.5a and b show the correlations between ICT and non-
R&D intangibles. As shown in Table 10.4, ICT is positively and
significantly correlated with non-R&D intangibles only in the 1990s
in both countries. In the 2000s, the negative correlations between ICT
and non-R&D intangibles in both countries were found. Although
these figures do not show any causalities among assets, low productiv-
ity growth in the 2000s in Japan may be partly caused by the lack of
synergy effects among ICT assets, R&D assets, and non-R&D assets.

We also examine the cross-sectional correlations between ICT and
intangibles. Figures 10.6a and b show cross-sectional correlations
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Figure 10.4a The correlation between ICT and R&D in Japan
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between ICT and R&D in Japan and Korea.12 The correlation between
two assets in Japan is very week (r=0.06) while we find the high positive

Table 10.5 Correlations between ICT and intangibles

ICT and R&D ICT and non-R&D

Japan Korea Japan Korea

1990–2010 0.837 0.930 0.886 0.809
(0.065) (0.030) (0.047) (0.075)

1990–1999 0.986 0.995 0.964 0.830
(0.009) (0.003) (0.022) (0.098)

2000–2010 −0.499 0.225 −0.223 −0.710
(0.226) (0.286) (0.287) (0.150)

Note: Standard deviations are shown in parenthesis.

12 In Figures 10.6a and b, we examine the cross-sectional correlation in the
manufacturing sector, because R&D investment is not conducted in some
industries in the service sector. The numbers in Figures 10.6 and 10.7 correspond
to each industry. The corresponding Table between numbers in Figures 10.6 and
10.7 and industry classification is shown in Appendix Table 10.1.
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correlation (r=0.77) in Korea. This finding implies that ICT intensive
industries invest in R&Daggressively in Korea. On the other hand, ICT
investment is conducted independently from R&D investment.

Figures 10.7a and b, which show the complementarity between ICT
and non-R&D intangibles, are similar to Figures 10.6a and b. In Korea,
ICT intensive industries invest in non-R&D intangibles aggressively.
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On the other hand, growth in ICT assets is not associated with growth
in non-R&D assets.

10.6 Concluding remarks

Based on the framework of Corrado, Hulten, and Sichel (2005, 2009)
and Corrado et al. (2014), we estimated intangible investment by indus-
try in Japan and Korea using the JIP and KIP databases. Comparing
intangible investment in Japan with that in Korea, we find that Japanese
growth in intangible investment slowed due to the financial crisis that
occurred in 1997, and turned to be negative after the world financial
crisis, while Korean intangible investment has grown at a high pace.
While only software investment grew after 1995 in Japan, both R&D
and software investments in Korea have rapidly grown. As a result, the
gap in the ratio of intangible investment to GVA between Japan and
Korea substantially reduced in the 2000s. When we examine intangible
investment by industry, the ratio of intangible investment to GVA in
Japan is higher than in Korea in many machinery industries because
R&D investment to GVA ratios in these industries in Japan is higher
than in Korea. However, in the service sector, the ratios in Korea are
greater than those in Japan, because the Korean service sector is more
ICT-intensive than the Japanese service sector.

Using intangible investment data, we construct capital stock in
Japan and Korea by industry using the perpetual inventory
method. Examining the composition of tangible and intangible
capital, we find that machinery industries are R&D-intensive and
the service industries are more ICT-intensive, although non-ICT
tangibles dominate and take up the largest share in most indus-
tries in both countries.

We conducted growth accounting analysis with intangibles. Our
results in growth accounting showed that the contributions of intangi-
ble assets to economic growth after 1995 are lower than those before
1995 in Japan. In particular, the non-R&D intangibles have not con-
tributed to economic growth after 1995 in Japan, because expenditures
in off-the-job training has decreased rapidly due to the harsh restruc-
turing. On the other hand, the contributions of R&D assets to eco-
nomic growth are constant from 1985 to 2010 in Korea. The Korean
economic growth rate decreased after 1995, but the role of R&D assets
to economic growth has increased.
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Comparing growth accounting with traditional accounting, we find
that the contribution of capital assets to economic growth and TFP
growth in the traditional growth accounting includes the contributions
of accumulation in intangible assets. We also find that the contribution
of intangible capital accumulation to productivity growth is weaker in
Japan than in other developed countries. On the other hand, the con-
tribution of intangibles to productivity growth in Korea is similar to
those in European countries.

Finally, we examine the correlation between ICT assets and
intangibles. While we find positive correlations between ICT assets
and intangibles in the 1990s, ICT is not positively correlated with
intangibles in Japan in the 2000s. Low productivity growth in Japan
in the 2000s may be due to the lack of the synergy effects of ICT
assets and intangibles. This implication is confirmed by cross-
sectional correlations between ICT and intangibles. However, to
examine causalities among ICT assets and intangibles, more sophis-
ticated analysis is required.

Our study suggests two important policy implications for the long-
term productivity growth of the Japanese and Korean economies. First,
since the contributions of intangibles to economic growth in both coun-
tries are not higher than those in other advanced countries, there is room
to improve labor productivity through intangible investment. Second,
our results shed light on complementarities among ICT assets and intan-
gibles suggested by Basu et al. (2003), Corrado et al. (2013), Miyagawa
and Hisa (2013), and Chun and Nadiri (2016). In the case of Japan, the
lack of these complementarities may be a factor in the low productivity
growth in the 2000s. Therefore, policies promoting intangible invest-
ment should be accompanied by policies promoting ICT investment.
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11 BEA/BLS industry-level production
account for the US: integrated
sources of growth, intangible capital,
and the US recovery
steven rosenthal, matthew russell,
jon d. samuels, erich h. strassner,
and lisa usher

11.1 Introduction

There is a long history of innovation within the United States statistical
system to measure and provide relevant, accurate, and timely informa-
tion on the state of the US economy.1 The fourteenth comprehensive
revision of the national income and product accounts (NIPA) described
in (McCulla, Holdren, and Smith 2013) details one of the latest innova-
tions: recognizing research and development (R&D) spending as invest-
ment spending.2 This spending has since been incorporated into official
measures of US multi-factor productivity (MFP) growth, helping to
narrow a long standing gap between new growth theory and empirical
measures on the sources of growth.3 This is just one example of efforts
within the statistical system to integrate concepts, methods, and frame-
works to provide relevant economic statistics on the US economy.

The purpose of this chapter is to describe the ongoing integration
effort within the US statistical system to provide an industry-level
production account for the United States and use the account to
analyze the sources of economic growth during the ongoing

1 We thank Matt Calby, Thomas F. Howells III, and Amanda Lyndaker of Bureau
of Economic Analysis (BEA), and Mark Dumas and Randy Kinoshita of Bureau
of Labor Statistics (BLS) for their work on the data. We are grateful to Carol
Moylan of BEA and John Ruser of BLS for their support on this project. We also
thank seminar participants at the World KLEMS conference, Lucy Eldridge of
BLS, andDale Jorgenson for useful questions and comments. The views expressed
in this chapter are solely those of the authors and not necessarily those of the BEA,
US Department of Commerce, and the BLS, US Department of Labor.

2 See BEA website, www.bea.gov. 3 See BLS MFP website, www.bls.gov/mfp.
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US recovery. The production account combines industry-level output
and intermediate inputs with information on capital and labor inputs
to form an industry-level production account that is consistent with
the aggregate gross domestic product (GDP) account published with
the January 2014 comprehensive revision of the Industry Economic
Accounts.4 The integrated industry-level production account that we
present follows work on an integrated aggregate production account
described in Harper, Moulton, Rosenthal, and Wasshausen (2008)
and builds off of the prototype industry-level production account
described by Fleck, Rosenthal, Russell, Strassner, and Usher (2014).
The production account that we produce serves as a contribution to
the World KLEMS initiative, a consortium of statisticians and
researchers producing country-level industry-level production
accounts within the same basic economic and accounting framework.

We construct the industry-level production account within the fra-
mework of the input–output (IO) accounts of the United States. The IO
accounts underlying the production account, described in detail in
Strassner and Wasshausen (2013), include a time series of annual IO
accounts that are consistent with the benchmark IO account that is
released at approximately five-year intervals. As of the 2013 compre-
hensive revision of the NIPAs, previous benchmark accounts are
revised to reflect the latest definitions of the national accounts, so that
the IO accounts, including the benchmark account, are consistent over
time and integrated with the national accounts. The IO accounts pro-
vide the current dollar measures of output and inputs at the industry
level. By construction, these are consistent with the NIPAs.

We form our industry-level production account by decomposing the
nominal values into price and quantity components. The most impor-
tant innovation within this account is that we construct quantity
indexes of primary inputs of capital and labor services that are treated
symmetrically with intermediate inputs. In particular, significant detail
on heterogeneous types of capital and labor are aggregated with
weights that reflect the marginal products of the components. This
yields estimates of capital and labor that are adjusted for “composi-
tion” or “quality.”The issue of incorporating capital and labor services

4 This industry-level production account is somewhat broader in scope. It treats
government capital symmetrically with private sector capital input. In particular,
in addition to the depreciation cost, there is also a rate of return on government
capital assets.
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into the national accounts is addressed in the System of National
Accounts 2008 (United Nations 2008), which allows for the inclusion
of these inputs, but does not require their inclusion. Price and quantity
indexes of intermediate inputs are presented in the KLEMS accounts
described in Strassner, Medeiros, and Smith (2005).

Ongoing structural change in the US economy due, in part, to glo-
balization, the spread of information and communications technology,
and the Great Recession, reinforces the need for an integrated industry-
level production account. Economic growth in the US since 1995 has
been characterized as containing several unique episodes: the informa-
tion technology (IT) investment boom between 1995 and 2000, the
period of jobless growth over the 2000–2005 period, and the Great
Recession and Recovery period that began around 2007 and continues
through today.5 At the same time, ongoing structural trends that pre-
date this period have continued and remain a focal point for both
economists and policy-makers: increasing globalization of the market-
place, the ongoing spread of information and communications technol-
ogy, and the continued effect of the skills gap on the US labor market.

These broad trends and unique growth episodes are identifiable at
the aggregate level, but the macro perspective obscures many of the
pertinent details on the sources of growth. Between 2000 and 2005,
estimates at the industry level indicate that almost half of this aggregate
productivity was due to productivity growth originating in the IT-
producing industries. In Jorgenson, Ho, and Samuels (2014), IT-
producing industries accounted for a little over 3 percent of nominal
aggregate value added but for almost 50 percent of aggregate MFP!
The role of IT in growth and productivity continues to garner attention
from the research community, including Gordon (2014), Jorgenson
et al. (2014), Byrne, Oliner, and Sichel (2013), among others.

Furthermore, the impact of the Great Recession was not balanced
across industries. For example between 2007 and 2012, real value added
declined in construction and non-durable goods manufacturing, but
increased substantially in mining industries, professional and business
services, and within the Federal government.6 Data from Jorgenson, Ho,
and Samuels (2016) show that the aggregate college skill premium paid
to workers was basically unchanged between 2005 and 2010. But at the

5 Jorgenson, Ho, and Samuels 2016.
6 See www.bea.gov/industry/gdpbyind_data.htm
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industry level over that same period, the collegewage premium increased
significantly in transportation-related industries and decreased substan-
tially in finance-related industries, again emphasizing the importance of
industry-level analysis of aggregate trends.7 Heterogeneity across indus-
tries is an important component in the sources of growth of aggregate
output and input. The industry-level production account that we present
provides an integrated framework for analyzing the sources of growth
over time.

In addition to its importance in analyzing growth, the framework
can evaluate growth prospects as the economy continues to recover
from the recession. For example, Jorgenson et al. (2014) argue that it is
important to consider industry-specific sources of growth, and shows
how to incorporate this feature into aggregate projections of labor
productivity and growth in GDP.

We use our integrated industry-level production account to analyze
the role of the “new” sources of growth in recent US history and how
these compare to the sources of growth during the ongoing US recovery.
The dataset that we present in this chapter is an update of Fleck et al.
(2014), which laid the framework for the integrated account that we
present in this chapter. The “new” sources of growth include the incor-
poration of expenditures on research and development (R&D) and on
entertainment, artistic and literary originals as capital, which, thus,
expands the boundary of US GDP and its related measures.
The treatment of R&D includes the estimates of own-account spending
on R&D as investment and the R&D produced by industry that is sold
to others. Expenditures on entertainment, artistic, and literary originals
only includes own-account spending. The updated account includes
statistics through the year 2012, allowing for a more-current analysis
of trends leading up to and after the period of the Great Recession
compared to the previously available data.8

To summarize our main empirical results, we find that:

� R&D capital input contributed about 0.09 percentage point to
aggregate value added growth between 1998 and 2012, about half
as much as software.

7 Jorgenson et al. 2014.
8 Data for this project can be found on the BEA website at www.bea.gov/industry/
index.htm#integrated and on the BLS website at www.bls.gov/mfp.
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� Including R&D reduces estimated MFP growth from about 0.56%
per year to 0.47% per year over the 1998–2012 period.

� The smaller contribution of capital input relative to the pre-crisis
period more than accounts for the slower growth during the
recovery.

The remainder of the chapter proceeds as follows: Section 11.2 describes
the framework and the underlying source data for the industry-level
production account. Section 11.3 presents estimates of the industry
sources of growth over the 1998–2012 period, and Section 11.4 includes
results on the industry sources of aggregate value added and productivity
growth. Section 11.5 gives the conclusions and next steps.

11.2 Overview of the framework

The objective of the industry-level production account is to present
data that is consistent with the national accounts on outputs pro-
duced by industry and inputs used by industry, in current and con-
stant prices. Because an objective of the account is to produce
estimates that are consistent with the NIPAs and the GDP by industry
accounts, the industry-level production account that we construct
maintains the definitional and conceptual framework of the national
economic accounts.

The organizing principal for the industry-level production account is
the time-series of IO accounts for the United States produced by the
BEA, which are fully integrated with the national economic accounts.
Strassner and Wasshausen (2014) describe in detail the most recent
comprehensive revision that integrated the benchmark IO account that
is produced every five years, with the annual IO accounts and the
NIPAs. The 2014 comprehensive revision of the Industry Economic
Accountsmarked the completion of BEA’s effort to fully integrate these
sets of accounts. As a result of this most recent revision, future bench-
mark IO accounts will be revised according to the schedule of BEA’s
annual revisions to the NIPAs. Thus, allowing for full consistency
among the NIPAs, the IO accounts, and GDP by industry accounts
over time.

This integration effort was coupled with significant conceptual
changes to the accounting framework. In particular, a new category of
intangible investment was created – intellectual property products – that
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is, expenditures on R&D and on entertainment, artistic, and literary
originals were added as new intangible capital formation. Software
development expenditures were reclassified from the category of private
equipment and software investments to the new intellectual property
products category. In addition, the scope of capitalized ownership trans-
fer costs of residential fixed investment was expanded to include addi-
tional non-financial costs of acquisition and expected disposal to be
included with the already-capitalized brokers’ commissions. These
changes are also covered in detail in Strassner and Wasshausen (2013,
2014), Bureau of Economic Analysis (2013), Kornfeld (2013), and
McCulla et al. (2013).

The IO accounts contain estimates, in nominal dollars, of outputs
produced by industry and inputs used by industry. Consistency between
the IO accounts and expenditure-side estimates requires that the sum of
value added across industries equals the total purchases of new goods
and services by final demanders in each time period. Consistency also
ensures that the total domestic supply for the US economy is in balance
with its uses by commodity, and that the sum of each industry’s value
added and intermediate inputs equals its gross output.

Within the production account, the industry-level nominal account-
ing identity requires that the value of producer output equals the value
of spending on all inputs: capital, labor, energy, materials, and pur-
chased services (KLEMS).

The value of self-employed labor is not provided in the IO accounts.
To estimate this value, we measure the hours worked for each type of
labor input discussed below, and assume that the compensation
per hour for each type of worker is equivalent between employees
and self-employed. The residual value (output less intermediate inputs
less total labor compensation) is defined as the value of capital in the
production account.

Defining a production account requires prices and quantities for
industry-level outputs and inputs. This is analogous to the price and
quantity decomposition within the expenditure-side of the GDP
accounts, allowing users to decompose changes in the value of output
over time into changes due to prices and changes due to quantities. Our
industry-level production account prices for industry outputs and inputs
are readily available in BEA’s Industry Economic Accounts. These
accounts, described in detail in Strassner and Wasshausen (2014) con-
tain the prices of industry output and intermediate input that are
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consistent with BEA’s GDP by industry statistics. By construction these
are consistent with the US national accounts.9

The “integrated” label that we attach to the industry-level produc-
tion account comes from integrating capital and labor services esti-
mates into the industry accounts. The purpose of this is to decompose
nominal dollars spent on capital and labor services into price and
quantity terms.

11.2.1 Labor input: price and quantity

The quantity of labor services at the industry level that we employ
captures the changing composition of the industry’s work force. That
is, substitution towards workers with higher productivity manifests an
increase in the quantity of labor used by the industry. The basic
approach to doing this follows Jorgenson, Ho, and Stiroh (2005),
though there are some implementation differences. The basic proce-
dure is to decompose total hours worked by industry into hours
worked by a heterogeneous set of workers, and aggregate the hours
worked by each group with the price paid to each type of worker.

The measures of total hours worked generally reflect the data and
methods underlying the hours used in the BLS industry productivity
measures, but have been adjusted where necessary to improve consis-
tency with the BEA Industry Economic Accounts. For most NIPA indus-
tries, hours-worked data are based primarily on payroll employment and
hours paid data from the BLS Current Employment Statistics (CES)
survey. Ratios of hours at work to hours paid, developed from informa-
tion on employer leave practices in the BLS National Compensation
Survey, are used to adjust the CES paid hours (which includes paid
holidays, sick leave, and vacation time) to an hours-worked basis.
Average weekly hours for production and non-supervisory workers are
obtained directly from the CES, while those for non-production and
supervisory workers are derived using data from the BLS Current
Population Survey (CPS) in conjunction with the CES data. The
industry-level employee data are supplemented with data for the self-
employed (partners and proprietors) and unpaid family workers from
the CPS. Estimates of employment and hours for industries in the farm

9 There are minor differences in aggregating real GDP from the expenditure side
and the industry side.
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sector are based on data from the US Department of Agriculture.
Measures for industries in the non-farm agriculture sector are based
primarily on data from the CPS, together with data from the BLS
Quarterly Census of Employment and Wages (QCEW). For mining
industries, estimates of non-production worker hours are derived from
data collected by the Mine Safety and Health Administration.
Employment data for the postal service industry are from the CES
survey, but estimates of hours for this industry are from the US Postal
Service.

Hours for NIPA industries were aggregated from estimates for more
detailed industries. Hours for the integrated production account are
controlled by aggregate group to NIPA hours worked by full-time and
part-timeworkers by industry to ensure consistencywithin the national
accounts framework.

Labor input is constructed by disaggregating hours worked by indus-
try to a heterogeneous set of workers and aggregating the hours with
the price paid to each type. We construct employment, hours worked,
and the compensation per hour by industry for 192 unique demo-
graphic categories, where workers are divided by gender, class of
worker, age (eight categories), and education (six categories). Micro
data records from the 2000 census provide the detailed cross-
classification in 2000. Estimates for the other years are constructed
with the RAS method described in Jorgenson et al. (2005). Because the
long form of the decennial census has been replaced by the American
Community Survey, future work involves evaluating the possibility of
using this to refine estimates over this period.

The estimates presented in this chapter modify the accounts pub-
lished in Fleck et al. (2014). Previously, a labor input index was
generated using hours measures from BLS and labor matrices of demo-
graphic characteristics from the work of Jorgenson, Ho, and Samuels
(2011) (JHS). For this update, the complete time series of labor
matrices was reestimated to avoid relying on estimates produced out-
side of the statistical system. Furthermore, the time series was updated
to include estimates through 2012. Finally, for the period 1998–2002,
our method differs from the JHS approach with respect to converting
micro-level Standard Industrial Classification (SIC)-based CPS records
to the North American Industry Classification System (NAICS).
The approach taken in this chapter uses the CES SIC-to-NAICS
employment bridge at the micro-record level. The basic source data is
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the same: data from the March Supplement of the CPS provides the
marginal, while the US Census 2000 1 Percent Public Use Microdata
Sample Files provide the 2000 benchmark matrix.

Aggregating worker hours by industry with compensation per hour
by industry for each type of worker yields a quantity index of labor
input that accounts for compositional changes in the industry’s work
force over time. The price index for labor input for the industry-level
production account is defined by deflating the nominal value of labor
by the quantity index of labor input.

11.2.2 Capital input: price and quantity

The fundamental approach to constructing the price and quantity of
capital input is analogous to the construction of labor input. We aggre-
gate detailed productive stocks with weights that reflect the marginal
product of each asset.

Principal changes in capital input due to the 2013 comprehensive
revision of the US NIPAs include the introduction of R&D and
entertainment, artistic, and literary originals as fixed investment, the
capitalization of ownership transfer costs of residential fixed assets,
and revisions to the capital income estimates derived from the
Industry Economic Accounts that reflect this new source of capital
income.

Capital inputs for the industry-level production account are com-
puted in accordance with a service flow concept for physical capital
assets and intellectual property products. Capital inputs for major
sectors are determined in three main steps: (1) A very detailed array
of capital stocks is developed for various asset types in various indus-
tries; (2) asset-type capital stocks are aggregated for each industry to
measure capital input for the industry; and (3) industry capital inputs
are aggregated to measure sectoral level capital input.

There are ninety asset types for fixed business equipment, structures,
inventories, land, and intellectual property products. Data on invest-
ment for fixed assets are obtained from BEA. Intellectual property
products are composed of three broad classes of assets: software,
R&D, and artistic originals. Software is comprised of pre-packaged,
custom, and own-account software. R&D is creative work undertaken
to increase the stock of knowledge for the purpose of discovering or
developing new products or improving existing ones. Artistic originals
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include theatrical movies, long-lived television programs, books,
music, and other forms of entertainment.

The addition of these two new categories of intellectual property
products, particularly R&D, is an important feature of this new
industry-level dataset. These assets have also been incorporated into
the official productivity measures produced by BLS.10 By treating
spending on R&D as an investment that yields a flow of capital services
over time, the contribution of intellectual property products to growth
and productivity can be analyzed using the same framework as other
capital goods in the dataset that we analyze. The incorporation of
expenditures on R&D and on entertainment, artistic, and literary
originals expands the boundary of US GDP and its related measures.
The treatment of R&D includes both the estimates of own-account
spending on R&D as investment and the R&D produced by industry
that is sold to others. Expenditures on entertainment, artistic, and
literary originals only includes own-account spending.

Data on inventories are estimated using BEA and additional infor-
mation from the Internal Revenue Service (IRS) Corporation Income
Returns. Data for land in the farm sector are obtained from the
US Department of Agriculture (USDA). Non-farm industry detail for
land is based on IRS book value data.

Real stocks are constructed as vintage aggregates of historical invest-
ments (in real terms) in accordance with an “efficiency” or service flow
concept (as distinct from a price or value concept). The efficiency of
each asset is assumed to deteriorate only gradually during the early
years of an asset’s service life and then more quickly in its later life.
These “age/efficiency” schedules are based, to the extent possible, on
empirical evidence of capital deterioration.

Current-dollar value added data are used in estimating capital rental
prices. The “implicit rental price” of capital is based on the neo-
classical principle that inputs should be aggregated using weights that
reflect their marginal products. The assumption used to formulate the
rental price expression is that the purchase price of a capital asset
equals the discounted value of the stream of services (and, hence,
implicitly the rents) that the asset will provide. After determining the
internal rate of return in each industry, rental prices are computed
separately for each type of asset within each industry.

10 See Multifactor Productivity Trends: www.bls.gov/news.release/pdf/prod3.pdf.
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Rental prices for R&D assets are treated somewhat differently than
other assets. For R&D assets, businesses receive credits for increasing
research activities. Unlike all other assets where the effective rate of the
investment tax credit is zero, R&D assets do have tax credits factored
into the rental price. Given that qualified R&D capital expenses are
immediately deductible, the present value of $1 of tax depreciation
allowances is given the value of one. Also, given the fact that there is
a certain amount of risk to R&D expenditure that is not incurred by
other assets, a risk premium of .04 is added to the rates of return of
R&D assets.

For the purpose of this industry-level production account, capital
measures are conceptually consistent with the total economy produc-
tion accounts as described in Harper et al. (2008).11 The measures
include the government, household, non-profit institutions, and owner-
occupied housing capital.

Finally, the nominal value of capital input is decomposed into price
and quantity by defining the implicit capital input price as the nominal
value of capital services divided by the capital input quantity.

11.2.3 Integration

The industry-level production account integrates prices and quantities
of capital and labor services into the gross domestic product by indus-
try data. We calculate “integrated MFP” as the ratio of the quantity of
output produced by industry to the quantity of input used by industry.
To construct total input by industry, we aggregate capital, labor,
energy, materials, and purchased services as a Tornqvist aggregate.

The industry-level production account and integratedMFPmeasures
presented here reflect output consistent with GDP for the total econ-
omy, but differ in concepts and coverage from the official US MFP
measures. Because national accountants and productivity analysts have
different objectives, there is an inherent tradeoff between having a set
of accounts that add up to the best estimate of GDP and a set of
accounts that generates the best productivity measures by industry.
GDP statistics that are fully consistent with international guidelines

11 These measures are not consistent with BLS major sector published measures,
which exclude government, household, and non-profit institutions, and owner-
occupied housing capital.
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include measures of economic activities for which there are no market
prices. Such activities are excluded from official productivity statistics
because output is generally not measured independently from inputs.
Furthermore, different concepts of output and aggregationmethods are
used, and while this integrated account includes an adjustment for
labor composition, the official industry MFP estimates does not. It is
noteworthy that the official industry multi-factor productivity mea-
sures will include labor composition when they are updated to 2013.
The appendix to this chapter describes conceptual and empirical differ-
ences in deriving MFP growth rates within this integrated production
account and the official estimates. For additional details, see
“Conceptual and Measurement Challenges” in Fleck et al. (2014).

11.3 Sources of industry growth

The fundamental economic entity in our analysis is the industry, and the
aggregate economy is divided into sixty-three industries. Each of these
industries produces output using primary capital and labor inputs, inter-
mediate input, and the available level of production technology. It is
noteworthy that each of thesemajor input groupings at the industry level
is, in fact, made up of many heterogeneous inputs, each with its own
price and quantity index. For example, under intermediate input, there
are all of the commodities that are published in the benchmark IO
accounts. Capital input includes estimates for approximately ninety
assets within the categories of fixed business equipment, structures,
inventories, land, and intellectual property products. Intermediate inputs
include items such as energy, materials, and purchased business services.
Labor input is cross classified by gender, age, education, and class of
worker.12

Since productivity is a measure of how efficiently inputs are con-
verted to output, it is important that outputs and inputs are measured
in constant units exclusive of inflation, i.e. hours adjusted for labor
composition and constant dollar quantity indexes of capital input and
intermediates that measure the services provided by that input.

Using the growth accounting framework, industry output growth is
expressed as the sum of the share weighted growth rate of industry
inputs and the change in MFP. Within this framework, MFP growth

12 Employee, or self-employed.
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measures embed underlying changes in the true economic technology,
innovation, changes in production management, but also include the
effects of inputs that are not properly measured or are unmeasured. For
example, prior to the July 2013 comprehensive revision of the NIPAs,
spending on R&Ddid not produce future capital services, so that R&D
was missing as a capital input. The set of accounts presented in this
chapter includes R&D spending as a capital input.

Table 11.1 presents the comprehensive results from the industry-
level production account: industry output growth and the sources of
industry output growth for the 1998–2012 period. This table demon-
strates the heterogeneity in industry growth and its sources for that
period. For example, the support activities for mining industry grew by
about 7.2% per year over the period (consistent with the expansion of
fracking), due mostly to an expansion of labor input and integrated
MFP growth. The data processing, internet publishing, and other
information services industry grew by a little over 8% per year as
a result of capital investments and purchases of intermediate inputs,
consistent with anecdotal evidence of shifts to cloud computing. At the
bottom end of the spectrum, the apparel industry shrank by about 10%
per year over the period (which is consistent with increased apparel
purchases produced abroad), but became slightly more productive in
terms of MFP growth. Textile mills had a similar growth experience to
apparel. The motor vehicle industry grew by about 0.7% per year over
the period, driven mostly by MFP growth, as declines in labor input
dampened growth by about 0.4% per year.

Figure 11.1 shows that the contribution of MFP growth to industry
output varied considerably by industry. Over the 1998–2012 period,
the largest growth in MFP occurred in computer and electronic pro-
ducts, support activities for mining, water transportation, computer
systems design and related services, and pipeline transportation. These
productivity gains reflect ongoing innovation in information technol-
ogy, and innovative practices in the mining and transportation indus-
tries. In contrast, rental and leasing, management of companies, legal
services, and other services, experienced negative productivity growth
over the same period. Negative measured MFP growth reflects
decreased capability to manage resources, decisions to hoard inputs
in uncertain times, but also indicates potential issues in the measure-
ment of outputs and inputs, including but not limited to quality adjust-
ment issues or changes in unmeasured inputs.
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Table 11.1 Sources of industry output growth, 1998 –2012

Output growth
Capital
contribution

Labor
contribution

Intermediate
contribution

Integrated
MFP growth

Farms 0.51 0.18 –0.08 –0.66 1.07
Forestry, fishing, and related activities –0.20 0.36 0.49 –1.92 0.87
Oil and gas extraction 1.81 –0.16 0.16 0.53 1.28
Mining, except oil and gas –0.17 0.35 –0.13 –0.68 0.28
Support activities for mining 7.18 0.37 2.34 0.96 3.51
Utilities –0.36 0.57 –0.09 –1.19 0.35
Construction –1.44 0.30 –0.11 –0.60 –1.03
Wood products –2.10 0.00 –0.90 –2.02 0.83
Non-metallic mineral products –1.94 0.17 –0.51 –1.19 –0.41
Primary metals 0.39 –0.09 –0.58 0.24 0.82
Fabricated metal products –0.31 0.06 –0.31 –0.07 0.02
Machinery 0.57 0.16 –0.47 0.33 0.56
Computer and electronic products 4.05 0.41 –0.82 –2.01 6.47
Electrical equipment, appliances, and
components

–1.83 –0.06 –0.62 –2.05 0.90

Motor vehicles, bodies and trailers, and parts 0.67 0.06 –0.44 0.00 1.06
Other transportation equipment 1.26 0.11 –0.16 0.60 0.72
Furniture and related products –2.60 0.12 –1.21 –1.44 –0.06
Miscellaneous manufacturing 1.62 0.43 –0.33 0.34 1.19
Food and beverage and tobacco products 0.17 0.16 0.01 –0.07 0.07
Textile mills and textile product mills –5.25 –0.20 –1.55 –3.70 0.20
Apparel and leather and allied products –9.99 –0.09 –2.80 –8.10 0.99
Paper products –1.73 –0.18 –0.60 –0.87 –0.08
Printing and related support activities –2.49 –0.02 –1.40 –2.58 1.50
Petroleum and coal products 0.77 0.09 –0.02 0.59 0.11
Chemical products 0.45 1.12 –0.15 –0.38 –0.14
Plastics and rubber products –0.95 0.13 –0.43 –0.76 0.11
Wholesale trade 2.43 0.96 0.13 1.08 0.26
Retail trade 2.10 0.94 0.13 1.17 –0.14
Air transportation –1.74 0.03 –0.38 –1.18 –0.22
Rail transportation 1.21 0.13 –0.40 1.00 0.48
Water transportation 3.17 –0.21 0.21 0.63 2.54
Truck transportation 0.85 0.36 –0.10 0.30 0.29
Transit and ground passenger transportation 1.15 0.39 0.52 0.57 –0.34
Pipeline transportation –2.13 1.17 –0.16 –5.46 2.33
Other transportation and support activities 1.67 0.01 0.08 1.25 0.33
Warehousing and storage 6.58 0.49 1.25 3.69 1.15
Publishing industries, except internet (includes
software)

1.35 1.28 –0.27 –0.30 0.64
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Table 11.1 (cont.)

Output growth
Capital
contribution

Labor
contribution

Intermediate
contribution

Integrated
MFP growth

Motion picture and sound recording industries 1.12 1.15 0.22 –1.77 1.51
Broadcasting and telecommunications 4.38 1.69 –0.24 1.64 1.30
Data processing, internet publishing, and other
information services

8.36 3.16 –0.48 4.97 0.70

Federal Reserve banks, credit intermediation,
and related activities

1.46 1.11 0.34 –0.27 0.29

Securities, commodity contracts, and
investments

4.11 0.18 0.45 2.43 1.05

Insurance carriers and related activities 3.40 1.08 0.26 2.08 –0.02
Funds, trusts, and other financial vehicles 2.56 0.96 0.19 1.12 0.29
Real estate 2.52 1.42 0.05 0.60 0.44
Rental and leasing services and lessors of
intangible assets

2.06 2.37 –0.10 1.32 –1.54

Legal services –0.02 1.00 0.30 0.02 –1.35
Computer systems design and related services 4.98 0.23 1.86 0.57 2.32
Miscellaneous professional, scientific, and
technical services

2.58 0.76 0.88 1.04 –0.10

Management of companies and enterprises 2.83 1.07 1.11 2.13 –1.47
Administrative and support services 2.23 0.75 0.59 0.21 0.68
Waste management and remediation services 1.47 0.19 0.44 0.41 0.44
Educational services 3.29 0.22 1.74 1.75 –0.43
Ambulatory health care services 3.19 0.22 1.54 1.11 0.32
Hospitals and nursing and residential care 3.02 0.27 1.13 1.85 –0.23
Social assistance 3.52 0.11 1.49 1.99 –0.08
Performing arts, spectator sports, museums, and
related activities

2.63 0.14 0.31 1.38 0.80

Amusements, gambling, and recreation
industries

2.13 0.69 0.56 1.12 –0.25

Accommodation 0.82 0.95 –0.10 0.11 –0.14
Food services and drinking places 1.73 0.00 0.55 0.88 0.30
Other services, except government 0.00 0.46 0.11 0.78 –1.35
Federal 2.28 0.71 0.01 1.44 0.12
State and local 1.65 0.52 0.62 0.43 0.08

Notes: Average annual percentange growth. A contribution is a share-weighted growth rate. Integrated MFP estimates differ from official
estimates produced by the BLS. See: www.bls.gov/mfp for the official estimates.
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As noted above, the contribution of each broad input (capital, labor,
intermediate) incorporates heterogeneous components. For the pur-
pose of exposition, we have divided the measures of capital input into
components, specifically, IT capital equipment, software capital, R&D
capital, and other capital. Other capital includes about ninety types of
other capital equipment and structures, inventories and land.
Intermediates include energy, materials, and purchased services. For
labor input, we have divided the estimates into those with a college
degree and those without. Underlying each of these components of

–2.0 –1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
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Figure 11.1 Integrated industry MFP growth, 1998–2012
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labor is detail on labor input by gender, class, age, and level of educa-
tional attainment.

Table 11.2 indicates that the contribution of IT and software capital
was spread broadly across industries over the 1998–2012 period, and
that R&D capital was important for the growth of a few select indus-
tries. IT and software capital played particularly important roles in
data processing, broadcasting and telecom, publishing (including soft-
ware), and management of companies. R&D capital was particularly
important for chemical products, computer and electronic products,
and miscellaneous manufacturing.

Table 11.3 shows that the declining contribution of non-college
workers was spread broadly across industries over the 1998–2012
period. In contrast to the large majority of industries, labor input for
non-collegeworkers increased in eighteen of the industries, with sizable
gains in support activities for mining and warehousing and storage.

This integrated production account is useful for analyzing the eco-
nomic changes at the industry level that occurred during the time of the
Great Recession and that are taking place during the ongoing recovery.
To analyze the ongoing recovery within the 1998–2012 period, we split
the sample into three periods: 1998–2007, 2007–2009, and 2009–2012.
According to the National Bureau of Economic Research, the official
recession began in December 2007, but annual GDP was relatively
strong in 2007, so we group 2007 in the pre-recession period.
We group 2008 and 2009 as the recessionary period, and 2010–2012
as the recovery period.13We also include the 2007–2012period as a sub-
period of comparison.

Figure 11.2 gives the changes to the sources of growth that occurred
during the recession period. During the 2007–2009 period, industry
output growth fell relative to the earlier period in the large majority of
industries, by large percentages. The output of the support activities for
mining, wood products, non-metallic mineral, motor vehicles, furni-
ture, and securities industries all fell by about 20 percentage points
versus the 1998–2007 period on average. In general, the largest source
of the decline was a decrease in intermediate purchases, followed

13 The unemployment rate peaked in October 2009. However, the National
Bureau of Economic Research Business Cycle Dating Committee recorded the
end of the recession in the United States as June, 2009. See: www.nber.org/cycl
es/recessions_faq.html.
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Table 11.2 Sources of capital contribution, 1998 –2012

Capital
contribution

IT capital and
software
contribution

R&D capital
contribution

Artistic originals
capital
contribution

Other capital
contribution

Farms 0.18 0.01 0.00 0.00 0.16
Forestry, fishing, and
related activities

0.36 0.00 0.00 0.00 0.36

Oil and gas extraction –0.16 0.03 0.02 0.00 –0.20
Mining, except oil and gas 0.35 –0.07 0.01 0.00 0.42
Support activities for
mining

0.37 0.12 0.03 0.00 0.23

Utilities 0.57 0.10 –0.01 0.00 0.48
Construction 0.30 0.03 0.00 0.00 0.27
Wood products 0.00 0.01 0.02 0.00 –0.04
Non-metallic mineral
products

0.17 0.00 0.01 0.00 0.16

Primary metals –0.09 –0.01 –0.01 0.00 –0.07
Fabricated metal products 0.06 0.03 –0.01 0.00 0.04
Machinery 0.16 0.02 0.10 0.00 0.04
Computer and electronic
products

0.41 0.15 0.28 0.00 –0.02

Electrical equipment,
appliances, and
components

–0.06 0.03 –0.06 0.00 –0.03

Motor vehicles, bodies
and trailers, and parts

0.06 0.00 –0.02 0.00 0.07

Other transportation
equipment

0.11 0.01 –0.03 0.00 0.14

Furniture and related
products

0.12 0.05 0.02 0.00 0.05

Miscellaneous
manufacturing

0.43 0.19 0.19 0.00 0.05

Food and beverage and
tobacco products

0.16 0.03 0.04 0.00 0.09

Textile mills and textile
product mills

–0.20 –0.01 0.00 0.00 –0.19

Apparel and leather and
allied products

–0.09 0.00 0.00 0.00 –0.09

Paper products –0.18 0.00 0.03 0.00 –0.21
Printing and related
support activities

–0.02 0.01 0.03 0.00 –0.06

Petroleum and coal
products

0.09 0.05 –0.12 0.00 0.17

Chemical products 1.12 0.12 0.94 0.00 0.06
Plastics and rubber
products

0.13 0.05 0.03 0.00 0.05
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Table 11.2 (cont.)

Capital
contribution

IT capital and
software
contribution

R&D capital
contribution

Artistic originals
capital
contribution

Other capital
contribution

Wholesale trade 0.96 0.55 0.00 0.00 0.41
Retail trade 0.94 0.37 0.01 0.00 0.56
Air transportation 0.03 –0.02 0.00 0.00 0.05
Rail transportation 0.13 0.00 0.00 0.00 0.13
Water transportation –0.21 –0.03 0.00 0.00 –0.17
Truck transportation 0.36 0.16 0.00 0.00 0.20
Transit and ground
passenger
transportation

0.39 0.02 0.00 0.00 0.38

Pipeline transportation 1.17 0.00 0.00 0.00 1.17
Other transportation and
support activities

0.01 0.16 0.00 0.00 –0.15

Warehousing and storage 0.49 0.07 0.00 0.00 0.42
Publishing industries,
except internet
(includes software)

1.28 1.10 0.06 0.08 0.04

Motion picture and sound
recording industries

1.15 0.05 0.02 1.12 –0.04

Broadcasting and
telecommunications

1.69 1.45 –0.14 0.31 0.07

Data processing, internet
publishing, and other
information services

3.16 2.79 0.18 0.00 0.19

Federal Reserve banks,
credit intermediation,
and related activities

1.11 0.50 0.01 0.00 0.60

Securities, commodity
contracts, and
investments

0.18 0.16 0.00 0.00 0.02

Insurance carriers and
related activities

1.08 1.01 0.01 0.00 0.06

Funds, trusts, and other
financial vehicles

0.96 0.06 0.00 0.00 0.91

Real estate 1.42 0.04 0.00 0.00 1.38
Rental and leasing
services and lessors of
intangible assets

2.37 0.69 0.00 0.00 1.68

Legal services 1.00 0.72 0.00 0.00 0.28
Computer systems design
and related services

0.23 0.16 0.04 0.00 0.02
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Table 11.2 (cont.)

Capital
contribution

IT capital and
software
contribution

R&D capital
contribution

Artistic originals
capital
contribution

Other capital
contribution

Miscellaneous
professional, scientific,
and technical services

0.76 0.49 0.12 0.00 0.14

Management of
companies and
enterprises

1.07 1.05 –0.01 0.00 0.03

Administrative and
support services

0.75 0.62 0.00 0.00 0.13

Waste management and
remediation services

0.19 –0.02 0.00 0.00 0.21

Educational services 0.22 0.10 0.00 0.00 0.12
Ambulatory health care
services

0.22 0.19 0.00 0.00 0.04

Hospitals and nursing and
residential care

0.27 0.17 0.01 0.00 0.09

Social assistance 0.11 0.03 0.00 0.00 0.07

Performing arts, spectator
sports, museums, and
related activities

0.14 0.03 0.00 0.01 0.10

Amusements, gambling,
and recreation
industries

0.69 0.15 0.00 0.00 0.53

Accommodation 0.95 0.07 0.00 0.00 0.88
Food services and
drinking places

0.00 0.02 0.00 0.00 –0.01

Other services, except
government

0.46 0.31 0.00 0.00 0.15

Federal 0.71 0.25 0.30 0.00 0.16
State and local 0.52 0.09 0.03 0.00 0.40

Notes: Average annual percentange growth. A contribution is a share-weighted growth rate.
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Table 11.3 Sources of labor contribution, 1998 –2012

Labor
contribution

College
contribution

Non-college
contribution

Farms –0.08 0.10 –0.18
Forestry, fishing, and related
activities

0.49 0.43 0.06

Oil and gas extraction 0.16 0.14 0.02
Mining, except oil and gas –0.13 0.08 –0.21
Support activities for mining 2.34 1.03 1.30
Utilities –0.09 0.05 –0.14
Construction –0.11 0.15 –0.27
Wood products –0.90 –0.03 –0.87
Non-metallic mineral products –0.51 0.06 –0.57
Primary metals –0.58 –0.04 –0.54
Fabricated metal products –0.31 0.11 –0.43
Machinery –0.47 0.02 –0.49
Computer and electronic products –0.82 –0.16 –0.66
Electrical equipment, appliances,
and components

–0.62 0.09 –0.71

Motor vehicles, bodies and trailers,
and parts

–0.44 –0.07 –0.37

Other transportation equipment –0.16 0.11 –0.27
Furniture and related products –1.21 –0.08 –1.13
Miscellaneous manufacturing –0.33 0.12 –0.45
Food and beverage and tobacco
products

0.01 0.03 –0.02

Textilemills and textile productmills –1.55 –0.32 –1.23
Apparel and leather and allied
products

–2.80 –0.76 –2.04

Paper products –0.60 –0.15 –0.45
Printing and related support
activities

–1.40 –0.36 –1.04

Petroleum and coal products –0.02 0.00 –0.02
Chemical products –0.15 –0.06 –0.09
Plastics and rubber products –0.43 –0.05 –0.38
Wholesale trade 0.13 0.23 –0.10
Retail trade 0.13 0.21 –0.09
Air transportation –0.38 –0.21 –0.16
Rail transportation –0.40 –0.09 –0.31
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Table 11.3 (cont.)

Labor
contribution

College
contribution

Non-college
contribution

Water transportation 0.21 0.06 0.15
Truck transportation –0.10 –0.02 –0.08
Transit and ground passenger
transportation

0.52 0.15 0.37

Pipeline transportation –0.16 –0.05 –0.11
Other transportation and support
activities

0.08 0.02 0.06

Warehousing and storage 1.25 0.21 1.03
Publishing industries, except internet
(includes software)

–0.27 0.10 –0.36

Motion picture and sound recording
industries

0.22 0.34 –0.12

Broadcasting and
telecommunications

–0.24 0.02 –0.26

Data processing, internet publishing,
and other information services

–0.48 –0.13 –0.34

Federal Reserve banks, credit
intermediation, and related
activities

0.34 0.50 –0.16

Securities, commodity contracts, and
investments

0.45 0.61 –0.16

Insurance carriers and related
activities

0.26 0.36 –0.10

Funds, trusts, and other financial
vehicles

0.19 0.24 –0.06

Real estate 0.05 0.06 0.00
Rental and leasing services and
lessors of intangible assets

–0.10 0.05 –0.14

Legal services 0.30 0.41 –0.11
Computer systems design and related
services

1.86 1.74 0.12

Miscellaneous professional,
scientific, and technical services

0.88 0.84 0.04

Management of companies and
enterprises

1.11 1.09 0.03

Administrative and support services 0.59 0.50 0.08
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by declines in labor and MFP growth, and lastly declines in the con-
tribution of capital by industry. It is worth noting that these measures
of input use during cyclical adjustments do not capture effects such as
worker effort, changes in capital utilization, or unmeasured labor
effort that average out over the business cycle, but can be important
over the course of the business cycle.

Figure 11.3 compares industry output growth and its sources over
the 2007–2012 period to the 1998–2007 period. Output growth was
slower in all but seven industries, two of which were government
sectors. Relative to growth during the 1998–2007 period, the indus-
tries with the steepest declines were securities, commodity contracts,
and investments, non-metallic mineral products, furniture, construc-
tion, and computer and electronic products. The sources of
these relative declines was broad based; for each of these sectors all
inputs declined relative to the earlier period except labor input in the

Table 11.3 (cont.)

Labor
contribution

College
contribution

Non-college
contribution

Waste management and remediation
services

0.44 0.18 0.26

Educational services 1.74 1.51 0.23
Ambulatory health care services 1.54 1.08 0.46
Hospitals and nursing and
residential care

1.13 0.81 0.31

Social assistance 1.49 1.11 0.38
Performing arts, spectator sports,
museums, and related activities

0.31 0.44 –0.13

Amusements, gambling, and
recreation industries

0.56 0.34 0.22

Accommodation –0.10 0.12 –0.22
Food services and drinking places 0.55 0.24 0.31
Other services, except government 0.11 0.38 –0.26
Federal 0.01 0.09 –0.09
State and local 0.62 0.64 –0.02

Notes: Average annual percentange growth. A contribution is a share-weighted
growth rate.
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computer and electronic products industry and MFP growth in con-
struction. There are a subset of industries with significant counter-
balancing growth of inputs. For example, in motion pictures and
sound recording, and rental and leasing, large declines in inputs
relative to the 1998–2007 period were counterbalanced by large
increases in MFP. In the pipeline transportation industry,
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intermediate inputs fell, while the contributions of capital and labor
increased. In educational services, declines in labor were offset by
increases in intermediate purchases and MFP.

To analyze how the ongoing recovery compares to the pre-crisis
expansion, Figure 11.4 compares industry output growth and its
sources between 2009 and 2012 with the 1998–2007 period. Of the
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sixty-three industries we analyze, thirty-four industries grew faster
during the ongoing recovery period than during the period immediately
preceding the crisis, even though aggregate GDP growth was slower
during the latter period. The largest relative differences occurred in
apparel and leather products, motor vehicles, primary metals, machin-
ery, oil and gas extraction, and support activities for mining. For each
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of these industries the sources of growth was mostly attributable to
labor input, intermediate input, andMFP growth, with contribution of
capital not showing much difference compared to the earlier period.
The industries with slowest output growth relative to the early period
were securities, credit intermediation, social assistance, construction,
and farms. This slower growth was due to slower accumulation of
inputs andMFP growth in each of these industries, except for relatively
higher MFP in construction and a small increase in the contribution of
capital in farms. Overall, for the industries that grew faster during the
recovery period compared to the 1998–2007 period, the largest source
of increased output growth was increased intermediate growth, fol-
lowed by MFP growth, labor input growth, and then capital input
growth, on average. For those industries that declined relative to the
1998–2007 period, the largest source, on average, was the decline in
intermediate input, followed by capital input, MFP growth, and labor
input. This figure shows that ongoing recovery has not reverted the
depth and breadth of the recession.

11.4 Decomposition of aggregate GDP growth

The main empirical contribution of this chapter is to decompose aggre-
gate GDP growth to its sources across industries and factors of produc-
tion.We do this by means of the direct aggregation of industry approach
(Jorgenson, Ho, Samuels, and Stiroh, 2007). With this approach aggre-
gate value added growth is the share weighted growth of industry value
added growth. The contribution of primary, or value added, input
growth by industry to aggregate value added growth is the Domar-
weighted input contribution, and the contribution of industry MFP to
aggregate MFP is the Domar-weighted industry MFP growth rate.14

Table 11.4 shows that between 1998 and 2012 the majority of
aggregate value added growth was due to accumulation of inputs.
Of the 2.01% average annual growth in value added, 1.18 percentage
points were accounted for by capital (about 60% of growth), 0.36 per-
centage point by labor (18%), and 0.47 percentage point by MFP

14 Each industry’s Domar weight is the ratio of the industry’s current-dollar gross
output to aggregate current-dollar value added. The industry’s contribution to
aggregate MFP growth is the industry’s MFP growth multiplied by its Domar
weight. The contribution of industry intermediate input use drops out in the
calculation of aggregate value added and its decomposition.
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Table 11.4 Growth in aggregate value added and the sources of growth

Direct aggregation across industries contributions

1998–2012 1998–2007 2007–2012 2007–2009 2009–2012
2009–2012 less
1998–2007

Value added 2.01 2.78 0.62 –1.62 2.11 –0.67
Capital input 1.18 1.55 0.52 0.69 0.40 –1.14
IT capital 0.31 0.40 0.14 0.20 0.10 –0.31
R&D capital 0.09 0.09 0.09 0.10 0.08 –0.01
Software capital 0.18 0.23 0.08 0.10 0.06 –0.17
Entertainment originals capital 0.03 0.03 0.02 0.02 0.02 –0.01
Other capital 0.58 0.79 0.19 0.26 0.14 –0.65

Labor input 0.36 0.60 –0.09 –1.31 0.73 0.13
College labor 0.52 0.63 0.34 –0.11 0.63 0.00
Non-college labor –0.16 –0.02 –0.42 –1.21 0.10 0.12

Integrated MFP 0.47 0.63 0.19 –1.00 0.98 0.35

Notes: Average annual percentages. Aggregate value added growth is the aggregate of share weighed industry value added growth.
The contribution of capital, labor, and MFP is the Domar-weighted industry contributions. IT capital is computer, communications and other
IT capital. Integrated MFP estimates differ from official estimates produced by the BLS. See www.bls.gov/mfp for the official estimates.
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growth (22%). Within capital, about 40% of the capital contribution
was due to IT equipment and software (0.48 percentage point), and
0.09 percentage points (about 8%) from R&D capital. The contribu-
tion of R&D capital to aggregate value added growth of 0.09 percen-
tage point per year provides a measure of the bias of previously
published estimates. If this contribution of capital was excluded, esti-
mated MFP growth would have been higher by about 0.09 percentage
point per year; that is, aggregate MFP growth would have been 0.56%
per year instead of 0.47% per year. Within labor input, the contribu-
tion fromworkers without a college degree actually fell over the period
as a whole.

Table 11.4 demonstrates that the majority of the difference in GDP
growth from 2009 to 2012 relative to the 1998–2007 periodwas due to
the difference in the contribution of capital. Comparing the recovery
during the 2009–2012 period with the 1998–2007 period, GDP grew
slower, by 0.67 percentage point per year. The slower growthwasmore
than accounted for by the smaller contribution of capital input, which
contributed 1.14 percentage points less to growth during this period
than during the 1998–2007 period. This was split between IT-capital
which accounted for 0.31 percentage point, software capital accounted
for 0.17 percentage point, and other capital accounted for 0.65 percen-
tage point.

Interestingly, all of the increase of the contribution of labor input
during the recovery period was due to the increased contribution of
workers without a college degree, reversing the decline in the contribu-
tion of non-college workers that took place beginning in the late 1990s.

The direct aggregation across industry approach yields insights into
the underlying structural changes that occurred over the 1998–2012
period. Tables 11.5 and 11.6 divide the aggregate value added and
productivity growth into contributions from IT-producing industries,
industries that use IT relatively intensively, and other industries. Between
1998–2012, IT-producing industries accounted for 3.1% of nominal
value added, but 0.31 percentage point of the 2.01 average annual
growth, or about 15% of the growth in aggregate valued added. IT-
using industries accounted for 0.99 percentage point, or almost 50% of
growth, which is slightly larger than its 46.8% share of nominal value
added. Non-IT accounted for 0.45 percentage point and government
accounted for 0.26 percentage point. Both IT-using (–0.90 percentage
point contribution) and non-IT industries (–1.01 percentage points

410 Rosenthal, Russell, Samuels, Strassner, and Usher
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Table 11.5 Sector sources of value added growth

1998–2012 1998–2007 2007–2012 2007–2009 2009–2012

Contributions
Value added 2.01 2.78 0.62 –1.62 2.11
IT-producing industries 0.31 0.37 0.20 0.13 0.24
IT-using industries 0.99 1.42 0.22 –0.90 0.97
Non-IT industries 0.45 0.66 0.05 –1.01 0.76
Government 0.26 0.33 0.15 0.16 0.14

Shares in nominal value added 100.0 100.0 100.0 100.0 100.0
IT-producing industries 3.1 3.1 3.2 3.1 3.2
IT-using industries 46.8 47.2 46.1 46.2 46.1
Non-IT industries 32.6 32.7 32.5 32.4 32.5
Government 17.5 17.1 18.2 18.3 18.1

Notes:Average annual percentages. Aggregate value added growth is the aggregate of share weighed industry value added growth. IT-producing
industries are computers and electronic products, data processing, and computer systems design and related services. IT-using industries are
those with an IT intensity share above the median share in 2005. Non-IT are the remaining private sector industries. Government includes
government enterprise.
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Table 11.6 Sector sources of aggregate integrated MFP growth

1998–2012 1998–2007 2007–2012 2007–2009 2009–2012

Integrated MFP growth 0.47 0.63 0.19 –1.00 0.98
IT-producing industries 0.27 0.34 0.14 0.14 0.14
IT-using industries 0.07 0.14 –0.05 –0.53 0.26
Non-IT industries 0.12 0.11 0.13 –0.49 0.53
Government 0.02 0.05 –0.03 –0.13 0.04

Shares in nominal value added 100.0 100.0 100.0 100.0 100.0
IT-producing industries 3.1 3.1 3.2 3.1 3.2
IT-using industries 46.8 47.2 46.1 46.2 46.1
Non-IT industries 32.6 32.7 32.5 32.4 32.5
Government 17.5 17.1 18.2 18.3 18.1

Notes: Average annual percentages. Aggregate value added growth is the aggregate of share weighed industry value added growth. IT-
producing industries are computers and electronic products, data processing, and computer systems design and related services. IT-using
industries are those with an IT intensity share above the median share in 2005. Non-IT are the remaining private sector industries.
Government includes government enterprise. Integrated MFP estimates differ from official estimates produced by the BLS. See www.bls
.gov/mfp for the official estimates.
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contribution) were hard hit during the recession period of 2007–2009,
while IT-producing industries (0.13 percentage point contribution)
added to growth. During the recovery period, non-IT industries have
contributed a larger share of growth relative to its share during the pre-
crisis period, while IT-producing, IT-using, and government all contrib-
uted smaller shares of growth.

In terms of aggregate productivity growth in Table 11.6, IT-
producing industries accounted for the majority of productivity
growth over the 1998–2012 period, when MFP averaged 0.47%
per year. The contribution of IT-producing industries to aggregate
productivity growth has fallen slightly from 0.34 percentage point
per year before the recession to 0.14 percentage point per year during
the recession and recovery. Not surprisingly, measured aggregate
MFP growth fell significantly during the Great Recession, and recov-
ered during the subsequent period. There does not appear to be
a major difference in the decline and recovery between the IT-using
and non-IT industries.

Table 11.7 shows that relatively R&D intensive industries made
a disproportionate contribution to aggregate MFP growth. Between
1998 and 2012, of the 0.47% per year in aggregate MFP growth,
0.34 percentage point was due to industries that were relatively R&D
intensive. Importantly, of this 0.34 percentage point contribution,
about 0.27 percentage point was due to productivity growth in the IT-
producing industries.15

Table 11.8 provides an examination of structural changes at the
industry level for twenty-two major industry groups at roughly the
two–digit NAICS level of detail, consistent with industry groupings
publishing in BEA’s Industry Economic Accounts. Finance and
insurance accounted for about 42% (0.28 percentage point) of the
slower US economic growth during the 2009–2012 period, with
capital input accounting for the majority of its slowdown. State
and local government accounted for about 29% (0.19 percentage

15 The IT classification is taken from Jorgenson et al. (2014). The classification of
industries into R&D intensive and non-R&D intensive is based on an R&D
intensity index defined as the average share of R&D capital income in capital
over the 1998–2012 period. First industries with a share less than 1 percent are
allocated to non-R&D. Then industries with shares above the median share of
0.08 are allocated to R&D intensive.

US BEA/BLS industry-level production account 413
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Table 11.7 Sector sources of aggregate integrated MFP growth

1998–2012 1998–2007 2007–2012 2007–2009 2009–2012

Integrated MFP growth 0.47 0.63 0.19 –1.00 0.98
R&D intensive industries 0.35 0.51 0.06 –0.36 0.35
IT-producing industries 0.27 0.34 0.14 0.14 0.14
Other R&D intensive 0.08 0.17 –0.08 –0.50 0.21

Non-R&D intenstive 0.11 0.08 0.15 –0.51 0.59
Government 0.02 0.05 –0.03 –0.13 0.04

Shares in nominal value added 100.0 100.0 100.0 100.0
R&D intensive industries 16.4 16.6 16.1 16.3
Non-R&D intenstive 66.1 66.3 65.7 100.0 65.6
Government 17.5 17.1 18.2 15.8 18.1

Notes: Average annual percentages. Aggregate value added growth is the aggregate of share weighed industry value added growth. R&D
intensive industries are those with an R&D capital income share above the median share, once industries with a share below 1 percent have been
dropped. Integrated MFP estimates differ from official estimates produced by the BLS. See: www.bls.gov/mfp for the official estimates.
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Table 11.8 Contributions to aggregate value added growth

1998–2012 1998–2007 2009–2012 2009–2012 less 1998–2007

Value
added Capital Labor

Integrated
MFP

Value
added Capital Labor

Integrated
MFP

Value
added Capital Labor MFP

Value
added Capital Labor

Integrated
MFP

Total economy 2.01 1.18 0.36 0.47 2.78 1.55 0.60 0.63 2.11 0.40 0.73 0.98 –0.67 –1.14 0.13 0.35
Agriculture, forestry, fishing, and

hunting
0.03 0.00 0.00 0.02 0.03 0.00 0.01 0.02 –0.01 0.02 0.00 –0.03 –0.04 0.01 0.00 –0.05

Mining 0.07 0.00 0.01 0.05 0.02 0.00 0.01 0.01 0.14 0.02 0.04 0.08 0.12 0.02 0.03 0.07
Utilities 0.02 0.02 0.00 0.00 0.01 0.02 0.00 0.00 0.07 0.01 –0.01 0.07 0.06 0.00 0.00 0.07
Construction –0.07 0.03 0.00 –0.09 0.00 0.05 0.09 –0.14 –0.02 –0.02 –0.02 0.02 –0.02 –0.07 –0.11 0.16
Durable goods 0.25 0.06 –0.05 0.00 0.36 0.06 –0.05 0.09 0.44 0.05 0.01 –0.15 0.08 0.00 0.06 –0.24
Non-durable goods 0.01 0.03 –0.10 0.31 0.09 0.05 –0.11 0.43 –0.09 0.01 0.09 0.35 –0.18 –0.04 0.20 –0.08
Wholesale trade 0.11 0.08 0.01 0.02 0.22 0.12 0.03 0.08 0.13 0.04 0.04 0.05 –0.09 –0.07 0.01 –0.03
Retail trade 0.09 0.09 0.01 –0.01 0.15 0.12 0.02 0.00 0.08 0.02 0.05 0.01 –0.07 –0.10 0.02 0.01
Transportation and warehousing 0.03 0.01 0.00 0.02 0.05 0.02 0.00 0.02 0.09 0.00 0.05 0.05 0.04 –0.02 0.04 0.02
Information 0.21 0.14 –0.02 0.09 0.28 0.17 –0.01 0.12 0.16 0.09 0.00 0.06 –0.12 –0.07 0.01 –0.06
Finance and insurance 0.20 0.12 0.04 0.04 0.31 0.18 0.07 0.05 0.03 –0.02 0.06 –0.01 –0.28 –0.20 –0.02 –0.07
Real estate and rental and leasing 0.30 0.26 0.01 0.04 0.37 0.39 0.02 –0.03 0.28 –0.01 0.00 0.29 –0.10 –0.40 –0.02 0.33
Professional, scientific, and

technical services
0.17 0.07 0.09 0.01 0.20 0.10 0.11 –0.01 0.20 0.01 0.10 0.09 0.00 –0.09 –0.01 0.11

Management of companies and
enterprises

0.02 0.03 0.03 –0.04 0.01 0.03 0.03 –0.04 0.11 0.02 0.04 0.05 0.11 0.00 0.01 0.09
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Table 11.8 (cont.)

1998–2012 1998–2007 2009–2012 2009–2012 less 1998–2007

Value
added Capital Labor

Integrated
MFP

Value
added Capital Labor

Integrated
MFP

Value
added Capital Labor MFP

Value
added Capital Labor

Integrated
MFP

Administrative and waste
management services

0.08 0.03 0.02 0.03 0.11 0.04 0.04 0.03 0.12 0.01 0.08 0.02 0.01 –0.03 0.04 0.00

Educational services 0.02 0.00 0.03 –0.01 0.02 0.00 0.03 –0.01 0.01 0.00 0.02 –0.01 –0.02 0.00 –0.01 –0.01
Health care and social assistance 0.16 0.02 0.14 0.00 0.17 0.02 0.14 0.00 0.10 0.02 0.15 –0.07 –0.06 0.00 0.01 –0.07
Arts, entertainment, and recreation 0.02 0.01 0.01 0.00 0.02 0.01 0.01 0.00 0.03 0.00 0.01 0.02 0.01 –0.01 0.00 0.02
Accommodation and food services 0.04 0.01 0.02 0.01 0.06 0.01 0.02 0.03 0.09 0.00 0.04 0.05 0.03 –0.01 0.02 0.02
Other services, except government –0.03 0.02 0.00 –0.05 –0.02 0.02 0.01 –0.06 0.00 0.00 0.01 –0.01 0.02 –0.02 –0.01 0.04
Federal government 0.07 0.06 0.00 0.01 0.06 0.05 –0.01 0.02 0.07 0.06 0.00 0.01 0.01 0.01 0.01 –0.01
State and local government 0.20 0.09 0.10 0.01 0.26 0.10 0.14 0.03 0.07 0.06 –0.02 0.03 –0.19 –0.04 –0.16 0.01

Notes:Average annual percentange growth. A contribution is a share-weighted growth rate. IntegratedMFP estimates differ from official estimates produced
by the BLS. See: www.bls.gov/mfp for the official estimates.
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point) of the slower growth, due mainly to labor input, and non-
durable goods manufacturing accounted for about 27% (0.18 per-
centage point) due to MFP.

In contrast, mining, management of companies, and durable goods
manufacturing exhibited stronger growth during the recovery period
relative to the pre-crisis period. Mining contributes 0.12 percentage
point more to growth during the 2009–2012 period relative to the
1998–2007 period, due mainly to gains in MFP but also from stronger
contributions of labor and capital input. Management of companies
was also led by stronger relative growth in MFP, while durable goods
stronger relative growth was more than accounted for by stronger
relative growth in labor input.

The framework and data permits an analysis of the industry sources
of the aggregate sources of growth. Figure 11.5 shows the difference in
industry contributions to aggregate value added growth during the
recovery relative to the 1998–2007 pre-recession period, and extends
the more-aggregate analysis from Table 11.8. As noted, aggregate
value added growth has been slower during the recovery period com-
pared to the 1998–2007 period, but this is not the case for all indus-
tries. For example, motor vehicles, management of companies,
machinery, utilities, oil and gas, and computer systems design are all
growing more rapidly in the recovery than during the period preceding
the recession, as would be expected of most industries during the
recovery from a cyclical downturn. Yet all industries are not recovering
relative to the 1998–2007 period. State and local governments, com-
puters and electronic products, broadcasting and telecom, and credit
intermediation are all growing significantly less rapidly than during the
pre-crisis period that we consider.

To understand the sources of slower aggregate value added growth
during the recovery period, Figures 11.6–11.8 show the differences in
industry contributions to aggregate capital, labor, and MFP between
2009–2012 and 1998–2007. With respect to industry contribution to
aggregate capital input, Figure 11.6 indicates that relative to the pre-
crisis period, there was a significantly lower contribution of capital
input in real estate, credit intermediation, retail trade, rental and
leasing, wholesale trade, and construction. Figure 11.7 shows that
the small increase in the aggregate contribution of labor input during
the 2009–2012 period compared to the 1998–2007 period was
spread broadly across a sub-set of industries including computer

US BEA/BLS industry-level production account 417
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–0.25 –0.2 –0.15 –0.1 –0.05 0 0.05 0.1 0.15
State and local

Computer and electronic products
Broadcasting and telecommunications

Federal Reserve banks, credit intermediation, and related activities
Petroleum and coal products

Real estate
Securities, commodity contracts, and investments

Wholesale trade
Retail trade

Food and beverage and tobacco products
Legal services

Farms
Insurance carriers and related activities

Hospitals and nursing and residential care
Construction

Chemical products
Publishing industries, except internet (includes software)

Ambulatory health care services
Funds, trusts, and other financial vehicles

Social assistance
Educational services
Water transportation

Paper products
Printing and related support activities

Electrical equipment, appliances, and components
Miscellaneous manufacturing

Transit and ground passenger transportation
Rail transportation

Other transportation equipment
Forestry, fishing, and related activities

Performing arts, spectator sports, museums, and related activities
Administrative and support services

Furniture and related products
Nonmetallic mineral products

Rental and leasing services and lessors of intangible assets
Air transportation

Wood products
Data processing, internet publishing, and other information services

Warehousing and storage
Textile mills and textile product mills

Federal
Miscellaneous professional, scientific, and technical services

Plastics and rubber products
Other transportation and support activities

Waste management and remediation services
Pipeline transportation

Accommodation
Apparel and leather and allied products

Amusements, gambling, and recreation industries
Food services and drinking places

Other services, except government
Truck transportation

Mining, except oil and gas
Fabricated metal products

Primary metals
Support activities for mining

Motion picture and sound recording industries
Computer systems design and related services

Oil and gas extraction
Utilities

Machinery
Management of companies and enterprises

Motor vehicles, bodies and trailers, and parts

Average annual percentage point

Figure 11.5 Contribution to aggregate value added growth, 2009–2012 less 1998–2007
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–0.35 –0.3 –0.25 –0.2 –0.15 –0.1 -0.05 0 0.05

Real estate
Federal Reserve banks, credit intermediation, and related activities

Retail trade
Rental and leasing services and lessors of intangible assets

Wholesale trade
Construction

Insurance carriers and related activities
Broadcasting and telecommunications

Miscellaneous professional, scientific, and technical services
Legal services
State and local

Publishing industries, except internet (includes software)
Administrative and support services
Other services, except government
Computer and electronic products

Accommodation
Funds, trusts, and other financial vehicles

Motor vehicles, bodies and trailers, and parts
Truck transportation

Air transportation
Securities, commodity contracts, and investments

Other transportation and support activities
Plastics and rubber products

Amusements, gambling, and recreation industries
Nonmetallic mineral products

Warehousing and storage
Miscellaneous manufacturing

Transit and ground passenger transportation
Printing and related support activities

Furniture and related products
Computer systems design and related services

Management of companies and enterprises
Ambulatory health care services

Utilities
Fabricated metal products

Wood products
Social assistance

Petroleum and coal products
Performing arts, spectator sports, museums, and related activities

Electrical equipment, appliances, and components
Educational services

Motion picture and sound recording industries
Paper products

Water transportation
Apparel and leather and allied products

Hospitals and nursing and residential care
Textile mills and textile product mills

Pipeline transportation
Waste management and remediation services

Forestry, fishing, and related activities
Food services and drinking places

Rail transportation
Other transportation equipment

Machinery
Primary metals

Food and beverage and tobacco products
Data processing, internet publishing, and other information services

Chemical products
Support activities for mining

Oil and gas extraction
Federal

Mining, except oil and gas
Farms

Average annual percentage point

IT Equip. and software Other

Figure 11.6 Contribution to aggregate capital contribution, 2009–2012 less 1998–2007
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−0.2 −0.15 −0.1 −0.05 0 0.05 0.1
State and local

Construction
Miscellaneous professional, scientific, and technical services

Securities, commodity contracts, and investments
Broadcasting and telecommunications

Real estate
Federal Reserve banks, credit intermediation, and related activities

Educational services
Legal services

Hospitals and Nursing and residential care
Other services, except government

Rental and leasing services and lessors of intangible assets
Social assistance

Utilities
Farms

Performing arts, spectator sports, museums, and related activities
Forestry, fishing, and related activities

Petroleum and coal products
Water transportation

Amusements, gambling, and recreation industries
Funds, trusts, and other financial vehicles

Transit and ground passenger transportation
Warehousing and storage

Furniture and related products
Pipeline transportation

Nonmetallic mineral products
Waste management and remediation services

Wood products
Printing and related support activities

Other transportation equipment
Publishing industries, except internet (includes software)

Accommodation
Mining, except oil and gas

Motion picture and sound recording industries
Paper products

Rail transportation
Textile mills and textile product mills

Federal
Food and beverage and tobacco products

Air transportation
Miscellaneous manufacturing

Other transportation and support activities
Plastics and rubber products

Oil and gas extraction
Chemical products

Truck transportation
Food services and drinking places

Electrical equipment, appliances, and components
Apparel and leather and allied products

Wholesale trade
Management of companies and enterprises

Insurance carriers and related activities
Data processing, internet publishing, and other information services

Support activities for mining
Primary metals

Ambulatory health care services
Computer systems design and related services

Retail trade
Motor vehicles, bodies and trailers, and parts

Fabricated metal products
Administrative and support services

Machinery
Computer and electronic products

Average annual percentage point

College Labor Non-College Labor

Figure 11.7 Contribution to aggregate labor contribution, 2009–2012 less 1998–2007
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and electronic products, machinery, administrative support services,
fabricated metal, and motor vehicles. In each of these industries, the
contribution of non-college workers outpaced that from the
1998–2007 period.

11.5 Conclusions and next steps

During the ongoing recovery from the financial crisis, US growth con-
tinues to be sluggish compared to the period immediately before the
crisis. At the aggregate level, our analysis attributes the majority of this
sluggishness to a decrease in the contribution of capital services. At the
industry level, stronger growth in motor vehicles, management of
companies, machinery and utilities is counterbalanced by slower
growth in state and local government, computer and electronic pro-
ducts, broadcasting, credit intermediation, and real estate. The large
decline in capital services relative to the 1998–2007 period was driven
mainly by real estate, credit intermediation, retail trade and wholesale
trade.

The purpose of this chapter is to lay the framework for a set of
industry-level production accounts that are consistent with aggregate
GDP and provide industry detail to analyze the sources of growth.
The current update includes an expansion of the scope of the accounts
to include investments in R&D and entertainment originals as an
investment good. For the period that we consider, R&D capital
input accounted for about 0.09 percentage points of aggregate
growth, about half as much as software capital. Entertainment origi-
nals capital input accounted for about 0.03%. Thus, incorporating
R&D lowered MFP growth estimates from about 0.56% per year to
about 0.47% per year.

Our analysis is limited by the time series availability of our
industry-level production account. Future work includes investigat-
ing approaches to extend the industry-level production account
backwards in time following Jorgenson et al. (2014) and improving
estimates of labor composition. In any case, the groundwork for
future updates to the industry-level production accounts is now in
place, and work is underway to plan for these future updates.
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Appendix 11.1 Distinctions between integrated MFP
and official US MFP

The industry-level production account presented in this chapter reflects
outputs and inputs that are consistent with GDP for the total economy.
It is important to draw a distinction between the official MFPmeasures
for the US produced by the BLS, and those from this integrated account.
In Section 11.2.3 on integration and covered in detail in the section
Conceptual and Measurement Challenges in Fleck et al. (2014), the
integrated measures of MFP presented in this chapter will differ from
the official measures of the BLS.

The US statistical system strives to promote a better understanding of
the US economy, however the national economic accounts and the
productivity program have unique objectives. The US national
economic accounts, produced by BEA, are focused on developing
a set of internally consistent macro-economic accounts that are fully
integrated, conceptually and statistically, across time and in cross-
section. The US productivity statistics, produced by BLS, are focused
on producing reliable productivity measures using concepts andmethods
most appropriate for measuring productivity and to ensure consistency
between official measures of labor productivity andMFP. Consequently,
there are tradeoffs between having a set of accounts that add up and
reconcile to GDP and a set of accounts that generate the best quality
productivity statistics by industry. For example, GDP statistics that are
fully consistent with international guidelines include measures of
economic activity for which there are no market prices. Such activity is
excluded from official productivity statistics because output and inputs
are notmeasured independently. In addition, other adjustments aremade
to outputs and inputs and occasionally alternative source data are used to
ensure maximum consistency in calculating official productivity statistics
for the US. Another distinction is that the national economic accounts
produce measures of value added and gross output, while the official
MFP statistics use a concept of sectoral output for major sectors and
industries. Furthermore, the use of Tornqvist aggregation differs from the
chained fisher index that underlies the official estimate of GDP.
As a result, the official US productivity statistics remain separate from
the US national economic accounts.

Appendix Table 11.1 documents the empirical differences in the
estimates for the 1998–2012 period.
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Appendix Table 11.1 Multi-factor productivity growth: comparison
between official measures and integrated production account measures,
1998 –2012 (compound annual growth rates)

NAICS
industry code Sector or industry title Official

Production
accounts Differences

111, 112 Crop and animal
production

1.2 1.1 –0.1

113–115 Forestry, fishing, and
related activities

2.0 0.9 –1.1

211 Oil and gas extraction 1.2 1.3 0.1
212 Mining, except oil and

gas
–0.7 0.3 1.0

213 Support activities for
mining

3.5 3.6 0.1

22 Utilities 0.6 0.4 –0.3
23 Construction –0.7 –1.0 –0.3
311, 312 Food and beverage and

tobacco products
0.5 0.1 –0.4

313, 314 Textile mills and textile
product mills

0.7 0.2 –0.5

315, 316 Apparel and leather and
applied products

2.2 1.0 –1.2

321 Wood products 1.2 0.8 –0.3
322 Paper products 0.0 –0.1 –0.1
323 Printing and related

support activities
1.8 1.5 –0.3

324 Petroleum and coal
products

–0.1 0.0 0.2

325 Chemical products –0.1 –0.1 –0.1
326 Plastics and rubber

products
0.4 0.1 –0.3

327 Non-metallic mineral
products

–0.4 –0.4 –0.1

331 Primary metals 0.6 0.8 0.2
332 Fabricated metal

products
0.3 0.0 –0.3

333 Machinery 0.8 0.6 –0.2
334 Computer and electronic

products
7.8 6.7 –1.1
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Appendix Table 11.1 (cont.)

NAICS
industry code Sector or industry title Official

Production
accounts Differences

335 Electrical equipment,
appliances, and
components

1.5 0.9 –0.6

336 Transportation
equipment

1.1

3361–3363 Motor vehicles, bodies
and trailers, and parts

1.1

3364–3366,
3369

Other transportation
equipment

0.7

337 Furniture and related
products

0.3 –0.1 –0.4

339 Miscellaneous
manufacturing

1.4 1.2 –0.2

42 Wholesale trade 0.8 0.3 –0.5
44,45 Retail trade 0.3 –0.1 –0.4
481 Air transportation 4.4 –0.2 –4.6
482 Rail transportation 0.7 0.5 –0.3
483 Water transportation 2.4 2.6 0.2
484 Truck transportation 0.3 0.3 0.0
485 Transit and ground

passenger
transportation

–0.2 –0.3 –0.1

486 Pipeline transportation 2.2 2.3 0.1
487, 488, 492 Other transportation and

support activities
0.4 0.3 0.0

493 Warehousing and storage 1.1 1.2 0.1
511, 516 Publishing industries 1.0 0.6 –0.4
512 Motion picture and

sounds recording
industries

2.4 1.5 –0.9

515, 517 Broadcasting and
telecommunications

2.4 1.3 –1.1

518, 519 Information and data
processing services

–0.6 0.7 1.3

521, 522 Federal Reserve banks,
credit intermediation,
and related activities

1.1 0.3 –0.8
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Appendix Table 11.1 (cont.)

NAICS
industry code Sector or industry title Official

Production
accounts Differences

523 Securities, commodity
contracts, and
investments

1.4 1.1 –0.3

524 Insurance carriers and
related activities

0.7 0.0 –0.7

525 Funds, trusts, and other
financial vehicles

0.8 0.3 –0.5

531 Real estate 1.1 0.4 –0.6
532, 533 Rental and leasing

services and lessors of
intangible assets

–1.4 –1.5 –0.1

5411 Legal services –0.3 –1.3 –1.0
5415 Computer systems design

and related services
2.2 2.3 0.1

5412–5414,
5416–5419

Miscellaneous
professional, scientific,
and technical services

0.2 –01 –0.3

55 Management of
companies and
enterprises

–0.8 –1.5 –0.7

561 Administrative and
support services

1.1 0.7 –0.5

562 Waste management and
remediation services

0.4 0.5 0.0

61 Educational services 0.0 –0.4 –0.4
621 Ambulatory health care

services
0.2 0.3 0.1

622, 623 Hospitals and nursing
and residential care
facilities

0.0 –0.2 –0.2

624 Social assistance 0.7 –0.1 –0.7
711, 712 Performing arts,

spectator sports,
museums, and related
activities

0.3 0.8 0.5

713 Amusements, gambling,
and recreation
industries

0.0 –0.2 –0.2
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12 Measuring human capital: country
experiences and international
initiatives
gang liu and barbara m. fraumeni

12.1 Introduction

Investments in both human and non-human capital are important
sources of economic growth. Distinct from other chapters in this
volume, the focus of this chapter is on the measurement of human
capital.

Within a standard growth accounting framework as frequently
employed in this volume, human capital manifests itself, though not
explicitly, through the notion of constant quality measures of labor
input. It seems plausible to believe that growth accounting can go
without caring much about the measurement of human capital because
all that is needed is labor services that are generated by human capital.

However, this belief is not true because incorrect measures of human
capital are bound to distort the analysis of economic growth. Consider
a production possibility frontier that is the foundation of modern
growth accounting, the aggregate output consists of both consumption
and investment goods.1 An important component of the latter is pro-
vided by the education sector with input by individuals, i.e. investment
in human capital.

Once the investment in human capital is inappropriately measured,
the estimate of the output of the education sector is biased and the bias
generated at the industry level will carry over through aggregation all
the way up to the aggregate output for the economy as a whole. In
addition, current and future growth is misestimated as the pace of
growth depends upon workers’ education level. Thus, good measures
of human capital are indispensable not only for accounting for the

1 One well-known example of a modern growth accounting framework is that
applied in the EU KLEMS project (see O’Mahony and Timmer 2009).
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output and productivity of the education sector, but also for better
understanding the economic growth more generally.2

A number of researchers and organizations have taken steps to
produce measures of human capital, relying on various approaches.
The diversity of these approaches makes it hard to draw policy implica-
tions from comparisons of these measures within and across countries,
thus calls for efforts to identify consistent measures that are both
theoretically sound and practically feasible.

This chapter makes a review of country experiences and interna-
tional activities in the field of human capital measurement in terms of
the different measuring approaches that have been applied, based on
which the two general approaches to measuring human capital, i.e. the
indicators-based approach and the monetary approach, are outlined,
with pros and cons of each approach being discussed. It also presents
and analyzes the growth differences in a production account with and
without lifetime income human capital components.

Drawing on the discussion and in observation of the emerging trend
from both national studies and international initiatives, a comparison
is made of country estimates of human capital up to eighteen countries
by three international studies that are carried out based on the most
popular approaches.

With the purpose of improving the quality of the existing popular
measures of human capital, some of the statistical and methodological
challenges are identified and discussed that should be addressed by
future researches.

The rest of the chapter is organized as follows. Section 12.2 discusses
the concept and definition of human capital, and the subsequent impli-
cations for its measurement. Section 12.3 describes country experiences
based on national studies employing two most applied monetary
approaches. With the United States as an example, this section also
shows that the growth pattern differs due to the inclusion of human
capital.

In Section 12.4, international initiatives formeasuring human capital
are reviewed according to the measuring approaches applied. Also in
this section, an international comparison is made of country measures

2 Measuring human capital can also serve many other purposes, e.g. to assess
the long-term sustainability of a country’s development path, and to
inform the discussion on “beyond gross domestic product (GDP)” and the
quality of life.
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of human capital based on different approaches. Main issues and
challenges related to the most popular approaches are described in
Section 12.5, and Section 12.6 concludes.

12.2 From concept to measurement

The concept of human capital has its roots in the history of economic
thought, as reflected in e.g. Petty (1690), Smith (1776), Farr (1853),
and Engel (1883), where human beings and their acquired abilities
were considered, on a par with traditional assets (e.g. land and fixed
capital), as important components of national wealth.

Thanks to the seminal works by Schultz (1961), Becker (1964), and
Mincer (1974), the human capital concept regained recognition in
1960s, and since then it has been regularly applied for addressing a
variety of issues such as economic growth, education, on-the-job train-
ing, migration, and social exclusion.

The extensive applicability of the human capital concept reflects its
essentially multi-faceted nature. In recognition of this, the OECD
proposed a broad definition of human capital as “the knowledge,
skills, competencies and attributes embodied in individuals that facil-
itate the creation of personal, social and economic well-being”
(OECD 2001).

This definition has gradually obtained wide acceptance because it
encompasses all the essential constituents that make up human capital,
and implies the numerous channels through which human capital is
developed, as well as the diverse benefits that human capital delivers.
However, it is this all-embracing feature that raises significant chal-
lenges for human capital measurement.

In fact, there are so many elements involved in and intertwined with
the concept and definition of human capital that getting a full picture of
every single element, of the causal links between each type of human
capital investment, and the corresponding benefits, and further, of the
feedback loop among them, is a daunting task that can not be accom-
plished in the foreseeable future.3

3 For a comprehensive discussion on all the elements pertaining to the concept and
definition of human capital, and the complicated relationships among them,
please refer to Boarini, et al. (2012).
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A sensible way is to focus on a narrower range of elements, starting
from those aspects characterized as of either lower conceptual chal-
lenges or greater data availability. One practically chosen option is to
use formal education as the main form of human capital investment;
and the economic returns accruing to individuals, as the main benefits
due to human capital investment, even if the broader OECD definition
is accepted as a useful reference point.4

Presently, there exist a number of different ways to measure human
capital, even if its definition has been narrowed down to (formal)
education only. Figure 12.1 draws a picture about the inputs, outputs,
and outcomes of the education sector. When treating the education
sector as a production unit, its output should be considered as human
capital investment rather than education services as stipulated by the
System of National Accounts (SNA).

Although this notion has been widely recognized, to measure the
output of the education sector, which is invisible, is never an easy task.
Some use the visible indicators, part of them quantitative (e.g. number
of students/average schooling years), the others qualitative (e.g. class

Inputs Outputs Outcomes

Number of 
students/ 
schooling 

years by level
of education 

(Visible) 

with human 
capital 

embodied/ 
accumulated 

(Invisible)

Direct outcomes:
Test scores

(e.g. results of pencil and paper tests)

Indirect outcomes:
Economic benefits

Non-economic benefits (Personal)
Non-economic benefits (Social)

Labor

Capital

Intermediate 
consumptions

(Including
both market

and 
nonmarket

inputs)

Environmental factors
(e.g. innate abilities, cultural, social, and economic backgrounds, as well as 

political, legal and institutional arrangements)

Both direct and indirect outcomes can be
used for quality adjustment for outputs

Figure 12.1 Inputs, outputs, and outcomes of education sector

4 However, it does not imply that there are no other possible ways to move beyond
this option.
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size, test scores) as proxies for human capital; these physical measures
of human capital can be classified as one category labeled “the
indicators-based approach.”5

Another category to measuring human capital is monetarymeasures,
which can be further divided as the cost-based, the income-based, and
the residual approaches. The cost-based approach measures human
capital by looking at the stream of past investments undertaken by
individuals, households, employers, and governments (e.g. Shultz
1961; Kendrick 1976; Eisner 1985).

This approach relies on information about all the inputs that are
incurred when producing human capital. As shown in Figure 12.1,
these include market inputs such as monetary outlays as well as non-
market inputs such as the imputed value of time devoted to education
by students, their parents, and volunteers.

By including non-market inputs, the cost-based approach differs
from the way the output of the education sector is currently measured
in the SNA, although they are similar. Since many education services
are provided by non-market producers (e.g. government), their values
are measured by the costs of market inputs following the SNA
convention.6

The income-based approach measures human capital by looking at
the stream of future earnings that human capital investment gener-
ates over one’s lifetime (e.g. Weisbrod 1961; Graham and Webb
1979; Jorgenson and Fraumeni 1989, 1992a, 1992b). In contrast
with the cost-based approach, which focuses on the input side, the
income-based approach focuses on the outcomes of human capital
investment.7

Note that a distinction is deliberately made in Figure 12.1 between
outputs and outcomes of the education sector. By using the jargon of
national accounting, outputs refer closely to activities or processes that
are within the production boundary of the SNA, i.e. the provision of
education services here in discussion, while outcomes are further away

5 As qualitative information, class size can be used to explicitly quality-adjust the
outputs of the education sector.

6 The market inputs include teachers’wages and salaries, the consumption of fixed
capital, and educational materials, etc.

7 While the outcomes from human capital investment are of many types (i.e.
monetary and non-monetary, private and public), what is measured by the
income-based approach is limited to the private monetary benefits that accrue to
the person investing in human capital.
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from this provision, with indirect outcomes being even further than
direct outcomes.

Although the transition from inputs to outputs and further to out-
comes are all subject to various environmental factors, it is argued that
more and more environmental factors will play a part in the transition
from outputs to outcomes. Thus, neither direct nor indirect outcomes
are considered to be proper measures of the outputs of the education
sector by national accountants.

Consequently, to measure the outputs of the education sector, the
current SNA not only excludes many non-market inputs, but also sets
the boundary of its measuring scope to the outputs only. However,
information about either direct or indirect outcomes, in particular
about the contribution of education services to these outcomes, can
provide a tool for explicit quality adjustment of the outputs, as indi-
cated by the left-pointing arrow in Figure 12.1.8

Another monetary measure is the residual approach that is applied
by the World Bank for measuring human capital as the difference
between the total wealth and the sum of produced and natural capitals
(World Bank, 2006, 2011).9 A similar approach was also applied by
Statistics Norway (Greaker et al. 2005) at the country level.

All the approaches as shown in Figure 12.2 have advantages and
disadvantages.10 Depending upon the purpose, different approaches
may therefore be used, either individually or jointly. However, given
the importance of the SNA in official statistics and for economic
analysis, monetary measures, in particular the cost-based and the
income-based approaches, are most likely to be used for human capital
accounting consistent with the SNA.

8 Therefore, even if within the framework of the current SNA, the results generated
from the qualitative indicators (e.g. test scores) as well as from the income-based
approach (e.g. earnings differentials) can well be applied for this purpose.

9 This difference is labeled by the World Bank as “intangible capital residual,” of
which human capital is found to be the largest component (World Bank 2006,
2011).

10 The typology as shown in Figure 12.2 is not the only way to classify the various
approaches. For instance, a distinction can also bemade between parametric and
non-parametric approaches to measuring human capital. The former involves
econometric techniques (e.g. Kyriacou 1991; Mulligan and Sala-i-Martin 1995;
Barro and Lee 2010), while the latter usually does not. More on this is in Section
12.3 and 12.4.
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Human capital
measurement

Indicators-based 
approach

Monetary
measures

Quantitative 
indicators

Qualitative
indicators

Cost-based
approach

Income-based
approach

Residual
approach

Figure 12.2 Classification of measuring methodologies
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12.3 Country experiences

In this section, representative national studies are reviewed of the two
monetary measures: the cost-based and the income-based approaches.11

To demonstrate the importance of human capital for growth accounting,
comparison results with US as an example are also presented.

12.3.1 The cost-based approach

The cost-based approach to measuring human capital is similar to the
perpetual inventory method (PIM) that is conventionally applied to
measuring fixed capital, i.e. the stock of human capital is measured as
the accumulated value of all the expenditures occurring to its forma-
tion, considered as human capital investment.

This approach is relatively easy to apply, at least when limited to
market inputs, because of the ready availability of data on public and
private expenditures in formal education. The approach can also be
extended to account for expenditures undertaken for on-the-job
training.12

However, this approach has been criticized on conceptual grounds as
the value of human capital should be regarded as determined by
demand and supply rather than solely by production costs (Kiker
1966; Le et al. 2003). Another problem is that it is hard, if not impos-
sible, to distinguish expenditures between investment and consump-
tion, thus estimates by this approach rely virtually on arbitrarily
allocating spending between these two categories in practice.13

Challenges are also involved when choosing the price indices used to
deflate historical expenditures in order to construct a stock value by
PIM.Moreover, the depreciation rate, which matters a great deal when

11 The indicators-based approach and the residual approach will be discussed in
Section 12.4 on international initiatives, because the relevant international
studies are more representative than national ones. For instance, at the national
level, there are just a few countries applying the residual approach (e.g. Norway,
the Netherlands).

12 This point holds only if the skills accumulated through on-the-job training can be
separately treated as one specific type of human capital, distinct from that due to
formal education.

13 For instance, during the period of taking education, part of household
expenditures is used for paying students’ food and clothes, which could serve
both consumption and investment purposes.
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constructing the stock of human capital by PIM, is usually set arbitra-
rily as well.

Overall, this approach ignores a fundamental feature of the process
of education, i.e. the lengthy gestation period between the current
outlays for educational inputs and the emergence of human capital
embodied in more competent people (Jorgenson and Fraumeni 1989,
1992a).

The most well-known application of the cost-based approach is
provided by Kendrick (1976) for the US. Kendrick’s estimates are
more inclusive than most other applications, as they include the cost
of child rearing, spending on education and other expenditures con-
sidered as having educational value. Kendrick also includes the oppor-
tunity cost of student time, i.e. earnings forgone when studying.
Following the same approach, Eisner (1978, 1985, 1988, 1989) esti-
mated the value of human capital through a number ofmodifications to
the US national income accounts.

Both Eisner and Kendrick included in their estimates of human capital
formation the opportunity cost of students’ time while in school, as well
as the actual costs of education undertaken by both households (e.g.
costs for tuition and educational materials) and governments (e.g. costs
for salaries and investments of educational institutions). However,
unlike Kendrick, Eisner excluded the costs of child-rearing from the
investment in human capital.

To resolve the investment-consumption dichotomy, Kendrick
included in human capital investments all household expenditures
related to child rearing up to the age of 14, as well as half of household
expenditures on health and safety, while considering the other half as
consumption. Due to a lack of empirical evidences for choosing depre-
ciation rates, Kendrick used a modified double declining-balance
method, while Eisner used straight-line depreciation.

The cost-based approach is also applied in Germany (Ewerhart
2001, 2003), the Netherlands (Rooijen-Horsten et al. 2007, 2008),
Finland (Kokkinen, 2008, 2010), and Canada (Gu and Wong, 2008).

12.3.2 The income-based approach

The income-based approach has been used for measuring human capi-
tal at least since the 1960s (e.g. Weisbrod 1961). However, it was the
seminal works by Jorgenson and Fraumeni (1989, 1992a, 1992b) that
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spawned interests in measuring human capital by applying the lifetime
income approach (also called the Jorgenson-Fraumeni approach).14

The lifetime income approachmeasures human capital as the present
value of the expected future labor incomes that could be generated over
the lifetime of the people currently living. By bringing together the
influence of a broad range of factors (demography, mortality, educa-
tion, and labor market aspects), this approach allows comparing the
relative importance of these factors and drawing useful policy implica-
tions from the estimates.

By focusing on the earning power of each person, this approach
values human capital at market prices, under the assumption that
market prices are good signals of the value of human capital services
that result from the interaction of demand and supply in the labor
market.

One clear advantage of this approach is that its extension naturally
leads to an accounting system that includes values, volumes, and prices
as basic elements, thus opening the way to the construction of a
sequence of accounts that are similar to those used for produced capital
within the SNA (Fraumeni 2009). This is the main reason that the
lifetime income approach is considered as more promising for embra-
cing human capital into the SNA in the future.

However, this approach is not immune from drawbacks. For
instance, to calculate expected future earnings, some subjective judg-
ments are necessarily made about the discount rate, real income growth
rate, etc. There are also reasons to argue that the labor market does not
always function in a perfect way, implying that the wage rate typically
used as a proxy for earning power is not always equal to the marginal
value of a particular type of human capital.

Moreover, differences in wages may not truly reflect differences in
earning power in some cases where trade unions may command a
premium wage for their members and where real wages may fall in
economic recessions.

Table 12.1 presents a list of national studies that have applied the
income-based approach to measuring human capital.15 As shown in

14 Throughout the chapter, the lifetime income approach and the Jorgenson-
Fraumeni approach will be used interchangeably.

15 The list in Table 12.1 is meant to highlight the broad range of countries (thirteen)
for which these estimates exist, rather than being exhaustive of the full range of
studies based on this approach.
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Table 12.1 An overview of selected national studies applying the income-based approach

Examples of
national studies Country Motivation Time range Main data sources

Population
covered

Market/non-
market
activities

Jorgenson and
Fraumeni
(1989, 1992a,
1992b)

United States New systems of
national accounts,
output of education
sector

1948–1984,
1947–1987

Rich data based
on decades of
research

Age 0–75 Both

Ahlroth et al.
(1997)

Sweden Output of education
sector

1967, 1973,
1980, 1990

Level of living
surveys

Age 0–75 Both

Ervik et al.
(2003)

Norway Output of higher
education sector

1995 Register data Age 20–64 Market only

Wei (2004,
2008)

Australia Incorporating human
capital into the SNA
(stock/flow)

1981–2001 Census data Age 18 (25)–
65, labor
force/
whole
population

Market only

Le et al. (2006) New Zealand Measuring human
capital (stock)

1981–2001 Census data Age 18–64 Market only
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Table 12.1 (cont.)

Examples of
national studies Country Motivation Time range Main data sources

Population
covered

Market/non-
market
activities

Gundimeda et al.
(2006)

India Accounting for human
capital formation

1993–2001 Surveys of
employment
and
unemployment,
census of
population

Age 15–60 Market only

Gu and Wong
(2008)

Canada Human capital
contribution to
national wealth
account

1970–2007 Census/labor
force survey

Age 15–74 Market only

Liu and Greaker
(2009)

Norway Measuring human
capital (stock)

2006 Register data Age 15(16)–
67(74),
labor force/
whole
population

Market only

Christian (2010) United States Measuring human
capital (stock/
investment)

1994–2006 Rich data Age 0–80 Both

Coremberg
(2010)

Argentina Measuring human
capital (stock)/
output of education
sector

1997, 2001,
2004

Household
permanent
survey

Age 15–65 Market only

Li et al. (2010) China Measuring human
capital (stock)

1985–2007 Household
survey/health
and nutrition
survey

Urban/rural,
age 0–60
(55 for
female)

Market only

Jones and
Chiripanhura
(2010)

United
Kingdom

Measuring human
capital (stock)

2001–2009 Labor force survey Age 16–64 Market only

Istat (2013) Italy Measuring human
capital (stock)

2008 Various surveys Age 15–64 Both
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Table 12.1, data availability varies. For many countries, the data
needed is compiled by the researcher, with a number of assumptions
made during the data construction process.

In part due to this, and differently from the original studies by
Jorgenson and Fraumeni, most of the national studies focused on the
working age population (typically based on exogenous age thresholds,
e.g. 15 and 64) instead of thewhole population and onmarket activities
only.

These limitations reflect a pragmatic way to sidestep a number of
conceptual and data issues that arise when applying the full Jorgenson-
Fraumeni approach. Incorporating non-market activities into human
capital estimates remains controversial and focusing on working age
population is also considered more relevant for measuring a country’s
productive capacity (Wei 2004; Gu and Wong 2008; Greaker and Liu
2008).16

Methodological modifications to the original Jorgenson-Fraumeni
approach were also made in some national studies. For example, to
smooth the business cycle effects that affect the original Jorgenson-
Fraumeni approach (which relies exclusively on current cross-sectional
information), Wei (2008) applied a cohort-based estimation to simu-
late future earnings.17

Results from national studies suggest that the estimated stock value
of human capital is substantially larger than that of conventional
produced capital, even when measures of the former are restricted to
market activities. In addition, the estimated value of the output of
education sector by the income-based approach is also higher than
the gross fixed capital formation traditionally measured in the SNA.18

16 For example, evaluating non-market activities involves much imputation which
should be avoided as much as possible following the tradition of the SNA.
Extending the production boundary to incorporate non-market activities (such
as cooking, cleaning, and other household unpaid services) will blur the
distinction between employment and unemployment, while these terms have
been clearly defined, widely accepted, and frequently used for quite a long time.

17 For more detailed discussions on the technical issues, besides the conceptual,
methodological, and data issues, in national studies that applied the lifetime
income approach to measuring human capital, see Liu (2012).

18 As a result, considering educational expenditures as investment rather than
consumption would significantly change our understanding of the extent of
capital formation in any given year.
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Measures of human capital by the income-based approach tend also
to exceed those by the cost-based approach, a pattern that may reflect
that the former approach implicitly attributes the impact of on-the-job
training and work experiences to formal education, while the latter
effectively ignore the non-market inputs in practice.19

The estimated value of human capital by the lifetime income
approach are sensitive to the choice of key parameters, i.e. the real
annual growth of labor income that is assumed to prevail in the future,
and the rate used to discount future earnings. However, the growth of
human capital and its distribution across different groups of people are
less sensitive.

12.3.3 Production account comparisons for the United States

Including Jorgenson-Fraumeni human capital components in a produc-
tion account provides a different, and more complete, perspective on
economic growth in the US. Figure 12.3 shows production contribu-
tions and multi-factor productivity growth, which in a traditional

2.29

1.03

2.46

1.03
1.91

1.04

2.06

0.21

2.95

1.04

2.11

0.239

1.56

−0.23

1.49

1.55

1.77

1.61

0.89

1.43

0.41

1.45

1.97

2.03

0.92

1.45

−1.01

1.18

1.20
1.60

0.33

0.80

1.85

1.34

−0.40

–2.0

–1.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Consumption Investment Labor Capital Multifactor productivity

1950–1984 1950–1973 1974–1984 1999–2009 2006–20091999–2000 2001–2005

Figure 12.3 Contributions to full gross private domestic product and economic
growth without human capital

19 For more discussions on the possible explanations about the large divergence of
the human capital estimates between the cost-based and the income-based
approaches, Abraham (2010) serves as a good reference.
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manner excludes human capital components.20 Figure 12.4 shows the
corresponding results with human capital included.21

Although major trends are the same, such as the strong growth in
1950–1973 followed by a slowdown in 1974–1984, the rebound in
1999–2000, and the Great Recession and slow recovery in 2006–2009,
themagnitude of the elements are quite different. Themaximum rate of
growth for the periods shown excluding human capital approaches 5
percent; while that including human capital approaches 2.5 percent,
nearly half of the former.

Table 12.2 and 12.3 provide further information onwhy the two sets
of production account estimates differ. Human capital components
dominate the inclusive account as the nominal share of human capital
accounts are around 75 percent of inclusive output for both output and
factor outlay. Human capital quantities (for human investment, non-
market consumption, and non-market outlay) grow at a relatively low
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Consumption Investment Labor Capital Multifactor productivity

Figure 12.4 Contributions to full gross private domestic product and
economic growth with human capital

20 Figure 12.3 comes directly from the paper by Fraumeni, Christian, and Samuels
(2015). The estimates in Table 12.2 and 12.3 are detailed calculations based
upon estimates which underlie the national income and product accounts
presented in that paper.

21 Contributions are calculated as a weighted rate of growth, where the weights are
an average of the nominal dollar share in the previous period and this period and
the rate of growth is a logarithmic growth rate of the quantities from the
previous period to this period.
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Table 12.2 Full gross private domestic product, average nominal shares, and rates of growth, 1949–1984, 1998–2009

1949–1984 1949–1973
1973(1974)–
1984 1998–2009 1998–2000

2000(2001)–
2005

2005(2006)–
2009

Human investment
Average nominal

share
0.4183 0.4252 0.4026 0.5481 0.5846 0.5486 0.5201

ROG of constant
prices

0.0150 0.0193 0.0056 −0.0022 0.0070 −0.0086 0.0012

ROG of constant
prices per capita

0.0019 0.0047 −0.0041 −0.0138 −0.0146 −0.0179 −0.0082

ROG of price index 0.0568 0.0496 0.0725 0.0220 0.0440 0.0078 0.0288
Non-human investment
Average nominal

share
0.0858 0.0848 0.0880 0.0720 0.0704 0.0726 0.0724

ROG of constant
prices

0.0431 0.0507 0.0265 0.0107 0.0609 0.0297 −0.0382

ROG of constant
prices per capita

0.0300 0.0361 0.0168 −0.0008 0.0393 0.0205 −0.0476

ROG of price index 0.0366 0.0220 0.0682 0.0083 0.0044 0.0103 0.0076
Non-market consumption
Average nominal

share
0.3360 0.3336 0.3414 0.2165 0.1979 0.2185 0.2279
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Table 12.2 (cont.)

1949–1984 1949–1973
1973(1974)–
1984 1998–2009 1998–2000

2000(2001)–
2005

2005(2006)–
2009

ROG of constant
prices

0.0189 0.0179 0.0210 0.0173 0.0139 0.0159 0.0206

ROG of constant
prices per capita

0.0058 0.0033 0.0112 0.0057 −0.0077 0.0067 0.0113

ROG of price index 0.0531 0.0478 0.0646 0.0281 0.0336 0.0286 0.0247
Market consumption
Average nominal

share
0.1599 0.1563 0.1680 0.1634 0.1472 0.1602 0.1796

ROG of constant
prices

0.0353 0.0381 0.0292 0.0301 0.0436 0.0306 0.0225

ROG of constant
prices per capita

0.0222 0.0235 0.0195 0.0185 0.0220 0.0214 0.0132

ROG of price index 0.0407 0.0260 0.0728 0.0223 0.0088 0.0159 0.0371

Notes: ROG is the abbreviation for rate of growth. Average nominal shares begin in years indicated by a year in parentheses.
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Table 12.3 Full factor outlay, average nominal shares, and rates of growth, 1949–1984, 1998–2009

1949–1984 1949–1973
1973(1974)–
1984 1998–2009 1998–2000

2000(2001)–
2005

2005(2006)–
2009

Property outlay
Average nominal

share
0.1029 0.0999 0.1098 0.1006 0.0914 0.0970 0.1119

ROG of constant
prices

0.0372 0.0387 0.0339 0.0345 0.0482 0.0351 0.0268

ROG of constant
prices per capita

0.0241 0.0241 0.0241 0.0229 0.0266 0.0259 0.0174

ROG of price index 0.0438 0.0287 0.0766 0.0156 −0.0185 0.0215 0.0253
Market labor outlay
Average nominal

share
0.1428 0.1412 0.1463 0.1348 0.1261 0.1359 0.1400

ROG of constant
prices

0.0180 0.0177 0.0185 0.0037 0.0180 0.0042 −0.0041

ROG of constant
prices per capita

0.0049 0.0031 0.0088 −0.0078 −0.0035 −0.0050 −0.0135

ROG of price index 0.0564 0.0490 0.0724 0.0335 0.0579 0.0314 0.0239
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Table 12.3 (cont.)

1949–1984 1949–1973
1973(1974)–
1984 1998–2009 1998–2000

2000(2001)–
2005

2005(2006)–
2009

Non-market labor outlay
Average nominal

share
0.7543 0.7589 0.7440 0.7646 0.7825 0.7671 0.7480

ROG of constant
prices

0.0168 0.0187 0.0126 0.0031 0.0087 −0.0019 0.0066

ROG of constant
prices per capita

0.0037 0.0040 0.0029 −0.0084 −0.0128 −0.0112 −0.0028

ROG of price index 0.0551 0.0488 0.0689 0.0239 0.0414 0.0136 0.0280

Notes: ROG is the abbreviation for rate of growth. Average nominal shares begin in years indicated by a year in parentheses.
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rate and in almost all cases grow at a lower rate than the other
quantities (for non-human investment, market consumption, property
outlay, and market labor outlay) included both in accounts with and
without human capital components.

There are exceptions only in two sub-periods: 1949–1973 and 2005–
2009. The quantity of non-market outlay grows at a faster rate than
market labor outlay in 1949–1973. Average educational attainment
and female labor force participation increased during this early period,
with average educational attainment gains slowing around 1980 and
female labor force participation gains continuing until about 1990.

The quantity of non-market labor outlay grows at a faster rate than
market labor outlay in 2005–2009. With a negative growth rate in
market outlay during this Great Recession and slow recovery period,
growth in non-market labor outlay for the whole later period, 1998–
2009, also exceeds growth in market labor outlay. The positive growth
in non-market labor outlay during 2005–2009 is almost all due to
growth in the sub-component time in household production and leisure,
which occurs because many individuals spent less time in market work.

Multi-factor productivity growth is always lower in the sub-periods
shown in Figure 12.4 than those in Figure 12.3 as accounts with human
capital components attribute sources of economic growth elsewhere to
a greater extent. Given the trends in educational attainment and labor
force participation, and the aging of the work force, human capital,
which is a major source of growth in the earlier 1949–1984 period,
becomes a minor source of growth during the later 1998–2009
period. We conclude that excluding human capital will lead to an
over-estimation of economic growth, including multi-factor productiv-
ity growth, in the US going beyond the present period.

12.4 International initiatives

In this section, studies focusing on international comparisons of human
capital are reviewed of the indicators-based, the income-based, and the
residual approaches.

12.4.1 The indicators-based approach

This approach has been taken by several international organizations.
For instance, the UN publishes a Human Development Index (HDI),
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which combines measures of average achievements in countries in three
basic dimensions of human development, i.e. health, education and
knowledge, and standards of living.22

The OECD has a long tradition in developing both conceptual and
methodological frameworks regarding human capital measurement,
reflected by a series of publications (e.g. OECD 1994, 1996, 1998,
2001; Keeley 2007).23 Using the indicators-based approach, the OECD
also collects and disseminates a large range of indicators that are
regularly published in Education at a Glance.

Recently, two OECD projects attracted increasing attention inter-
nationally, i.e. the Programme for International Student Assessment
(PISA), which tests 15–16-year-old students for their cognitive skills
in terms of reading, mathematics, science, and problem solving; and the
Programme for the International Assessment of Adult Competencies
(PIAAC), which tests adults for their competencies in terms of lit-
eracy, numeracy, and ability to solve problems in technology-rich
environments.24

Although large-scale international projects such as the PISA and
PIAAC can generate important information suitable for policy-taking
and decision making, like all surveys, they are subject to limitations
(e.g. with respect to sample size, range of variables included, country
coverage, etc.).25

22 The 2012 Human Development Report includes two measures of education
and knowledge, namely school attainment, expressed in terms of the number of
years of schooling, and school-life expectancy. More information is available at:
http://hdr.undp.org/en.

23 Other relevant streams of recent OECD on human capital are the “Social
Outcomes of Learning project,” the OECD Skills Strategy; work on intangible
assets undertaken as part of theOECDwork onNew Sources of Growth; and the
OECD Better Life Initiative. For more on these streams of work see the
information on the following websites: www.oecd.org/document/9/0,3746,e
n_2649_39263294_33706505_1_1_1_1,00.html; www.oecd.org/dataoecd/58/
28/47769132.pdf; www.oecd.org/dataoecd/60/40/46349020.pdf; www.oecd
.org/document/0/0,3746,en_2649_201185_47837376_1_1_1_1,00.html.

24 For more information on PISA and PIAAC, please visit the following websites:
www.pisa.oecd.org/pages/0,2987,en_32252351_32235731_1_1_1_1_1,00
.html; www.oecd.org/document/35/0,3746,en_2649_201185_40277475_
1_1_1_1,00.html.

25 More importantly, since these large-scale programs are resource-demanding in
terms of both money and time required to implement, administer, process,
analyze, and report, they are typically undertaken with low frequency.
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Developing internationally comparable indicators has also been pur-
sued by independent researchers. Indicators that are often used as single
proxies for human capital include adult literacy rates (e.g. Azariadis and
Drazen 1990; Romer 1990), school enrolment ratios (e.g. Mankiw et al.
1992; Levine and Renelt 1992), average years of schooling and other
measures drawn from the distribution of population across various
educational categories (e.g. Benhabib and Spiegel 1994; Islam 1995;
Temple 1999; Barro 2001; Krueger and Lindahl 2001).

A well-known example is Barro and Lee (1993, 1996, 2001, 2010,
2013) for developing an international panel dataset on educational
attainment, school years, and schooling quality, from 1950 to 2010,
for 146 countries by gender and five-year age groupings, based on
census and survey information compiled by UNESCO, Eurostat,
national statistical agencies, and other sources.

TheBarro-Lee dataset is an important resource for researchers attempt-
ing to quantify human capital. However, a single physical indicator as a
proxy for human capital, though simple, cannot on its own adequately
measure the various dimensions of skills and competences (OECD2001),
and sometimes even poorly specifies the relationship between education
and human capital (Wößmann 2003; Kokkinen 2010).

Sometimes dashboard type indicators are applied (e.g. Education at
a Glance; Ederer et al., 2007, 2011). They rely on a number of statistics
that, though rich in information, lack a commonmetric, and as a result
cannot be aggregated into an overall measure. This makes them less
suitable for comprehensive comparisons of human capital across coun-
tries and over time.

Moreover, a set of indicators does not readily allow the comparison
of the relative importance of different types of capital, i.e. produced,
natural, and human capital (Stroombergen et al. 2002), nor is it easily
integrated into a consistent accounting framework with which most of
national accountants are familiar.26

26 This point is also relevant when considering differences between parametric and
non-parametric approaches to measuring human capital. Parametric approaches
are frequently used in academic research; however, since they rely on econometric
techniques, different assumptions andmodel specifications, even based on the same
dataset, will typically lead to different estimates. On the contrary, non-parametric
approaches avoid these problems and are more akin to the tools typically used by
national statistical offices and other producers of human capital statistics.
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12.4.2 The income-based approach

To identify the commonmethodology and data requirements for build-
ing human capital accounts for international and inter-temporal com-
parisons, the OECD project applied a modified Jorgenson-Fraumeni
approach and compiled monetary human capital estimates for fifteen
OECD and one non-OECD countries, over the years varying from
1997 to 2007 (see Liu 2011).27

To reduce estimation difficulties due to data constraints, and to
reflect country-specific conditions, the project estimated only market
lifetime incomes, and focused on the working age population (between
age 15 and 64), based on the categorical data (by five-year or ten-year
age groups), rather than data by single year of age.

Results from the project indicate that the estimated human capital is
substantially larger than that of conventional produced capital. Ratios
of human capital to GDP are in a range from around eight to over ten
across countries, in line with those reported in a number of national
studies. The distributions of human capital by age, gender, and educa-
tion reveal a few important conclusions.

While higher educational attainment contributed positively to the
change of human capital per capita, this is not always sufficient to offset
the negative effect of population ageing; as a result, the volume of
human capital per capita appeared to have declined in some countries
over the observed period.

In 2012, the UN published its first Inclusive Wealth Report (IWR),
presenting estimates of inclusive wealth (the sum of manufactured,
human, and natural capitals) for twenty countries over nineteen years,
from 1990 to 2008 (UN-IHDP and UNEP 2012).28 In this report,
human capital is measured by the population’s educational attainment
and the additional compensation over time of this training.

27 The OECD countries are: Australia (AUS), Canada (CAN), Denmark (DNK),
France (FRA), Israel (ISR), Italy (ITA), Korea (KOR), the Netherlands (NLD),
New Zealand (NZL), Norway (NOR), Poland (POL), Spain (ESP), the United
Kingdom (GBR), and the United States (USA), and the non-OECD country is
Romania (ROU); later, estimates for another OECD member country, Japan
(JPN), was added to the database (see Liu 2014). For detailed information on the
country databases, see www.oecd.org/std/publications documents/workingpapers.

28 The Inclusive Wealth Report 2014 covers 140 countries over the period 1990 to
2010 (UNU-IHDP and UNEP 2014).
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The methodology applied in the IWR is based on Arrow et al. (2012),
which is also income-based in a broad sense, but is different from the
Jorgenson-Fraumeni approach, because the lifetime income as calculated
in the IWR is at a highly aggregated level, making it hard to analyze the
distribution of human capital across different population groups.

More fundamentally, the IWR approach does not allow for future
education, notably for younger individuals; neither does the approach
by the Barro-Lee dataset, because an individual’s educational attain-
ment in that dataset is assumed to be unchanged between age 25 and
64. On the contrary, the Jorgenson-Fraumeni approach explicitly
allows for future education.

Since further education adds up to the human capital stock already
accumulated, the assumption of no further education, made either
explicitly or implicitly, may fail to capture the full potential of a
country’s population, leading to possible bias in policy-making.

12.4.3 The residual approach

This approach is internationally represented by theWorld Bank’s well-
known work on compiling country comprehensive wealth accounts,
which include estimates of human capital, for more than 120 countries
over the decade from 1995 to 2005.

As introduced in Section 12.2, the stock of human capital is mea-
sured as a residual, i.e. the difference between the total discounted
value of each country’s future consumption flows (as a proxy for
total wealth) and the sum of the tangible components of that wealth,
i.e. produced capital and the market component of natural capital
(World Bank 2006, 2011; Ruta and Hamilton 2007; Ferreira and
Hamilton 2010).

While the residual approach can be applied to a large number of
countries based on less-demanding statistical information, it has some
limits. First, by taking as its starting point the discounted value of
future consumption flows, it obviously ignores the non-market benefits
of various capital stocks.

Second, this measure is affected by measurement errors in all the
terms entering the accounting identities, resulting in potential biases in
the final estimates of human capital. Third, the approach cannot
explain what drives the observed change of human capital over time,
thus offering less valuable information for policy interventions.
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12.4.4 Comparison of country measures

This sub-section presents a comparison of country measures of human
capital. The comparison is made for up to eighteen countries, based on
four international constructs applying different approaches that have
been discussed so far.

As shown in column 2 of Table 12.4, the indicators-based approach
is represented by Barro-Lee average educational attainment (in number
of years) for individuals in the working age population (aged 15–64),
which is drawn from Barro and Lee (2013).

The income-based approach is represented by two variants of
Jorgenson-Fraumeni human capital per capita estimates. The first is
primarily taken from theOECDproject (Liu 2014), with exceptions for
China and India. The estimates for China are from Li (2013) and those
for India are fromGundimeda et al. (2006). The estimates are placed in
column 3 of the table.

Note that all the estimates as displayed in column 3 are calculated as
the stock of human capital divided by the corresponding working age
population. For all the countries listed, except for China and India, the
working age population is defined as the sub-population aged 15–64.
The ages covered for China are 16 to 54 for females and 16 to 59 for
males, while those for India are 15 to 60.

The second variant of Jorgenson-Fraumeni measures is modified
human capital per capita estimates, directly drawn from Hamilton
and Liu (2014). These per capital measures are calculated based on
the whole population in each country, thus allowing for a direct com-
parison of human capital measures with the World Bank wealth esti-
mates. They are put in column 4 of Table 12.4.

The estimates based on the residual approach are placed in column 5
and are represented by the World Bank intangible capital per capita
estimates (World Bank 2011). For the ease of comparison, the corre-
sponding estimates of the World Bank total wealth per capita are
presented in column 6 in the same table (World Bank 2011).

As demonstrated in Table 12.4, the Barro-Lee estimates (by the
indicators-based approach) are less correlated with other monetary
estimates, i.e. the two Jorgenson-Fraumeni human capital per capita
estimates (by the income-based approach) and the World Bank intan-
gible capital per capita (by the residual approach). On the contrary, the
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Table 12.4 Country measures and the associated correlations based on different approaches

Indicators-based
approach Income-based approach

Residual
approach

Barro-Lee educational
attainment (in number
of years) 2005

Jorgenson-Fraumeni
human capital per
capita (US$ in
thousands) 2006

Hamilton-Liu
modified Jorgenson-
Fraumeni human
capital per capita (US
$ in thousands) 2005

World Bank
intangible capital
per capita (US$ in
thousands) 20052

World Bank total
wealth per capita
(US$ in
thousands) 20052

Country measures
Australia (AUS) 12.0 457 386 519
Canada (CAN) 12.5 498 350 415 539
China (CHN) 8.1 71 9 19
Denmark (DNK) 10.1 458 591 743
France (FRA) 10.3 459 339 482 586
India (IND) 4.9 94 6 11
Israel (ISR) 11.5 382 197 279 327
Italy (ITA) 10.3 375 269 405 498
Japan (JPN) 12.0 490 399 549
Korea (KOR) 12.3 490 289 190 248
Netherlands
(NLD)

11.1 457 333 472 594
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Table 12.4 (cont.)

Indicators-based
approach Income-based approach

Residual
approach

Barro-Lee educational
attainment (in number
of years) 2005

Jorgenson-Fraumeni
human capital per
capita (US$ in
thousands) 2006

Hamilton-Liu
modified Jorgenson-
Fraumeni human
capital per capita (US
$ in thousands) 2005

World Bank
intangible capital
per capita (US$ in
thousands) 20052

World Bank total
wealth per capita
(US$ in
thousands) 20052

New Zealand
(NZL)

12.7 407 305 306 414

Norway(NOR) 12.4 537 503 532 862
Poland (POL) 10.0 223 98 110 136
Romania (ROU) 10.5 126 45 59 81
Spain (ESP) 10.2 456 290 331 408
United Kingdom
(GBR)

9.5 558 404 579 663

United States
(USA)

13.0 641 410 627 734

Notes: In this column, the figures for Australia and India are for 2001; those for Denmark are for 2002; all figures are in purchasing power
parity (PPP, for private consumption) adjusted US$. The figures in these columns are based on the market exchange rates in constant 2005 US$
prices.
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correlations within the three monetary estimates seem to be relatively
high.29

In Figure 12.5 the estimates for the US are used as a reference point to
show the relationship among the three estimates that are of larger
country coverage as shown in Table 12.4. The countries in the figure
are arranged in ascending order as a percent of the Jorgenson-Fraumeni
human capital per capita.

Not surprising, the greatest ranking divergence between the three
measures is between the Barro-Lee measures and the other two.
Figure 12.5 shows that ranking countries by human capital without
being aware of the underlying approaches applied may be misleading.

In addition, policy interventions based solely on educational attain-
mentmeasures, without further information being taken on the extent to
which higher education is significantly rewarded, may also be mislead-
ing. For example, such information matters critically for the countries
such asRomania (ROU), Poland (POL), and theUnitedKingdom (GBR).

To sum up, it seems that the income-based, especially the Jorgenson-
Fraumeni measures are relatively superior to other measures, because
they are capable of capturing the demographic (e.g. age and gender
structure of the population), educational (e.g. number of people with
different levels of educational attainment, enrolment rates) and labor

0%
20%
40%
60%
80%
100%
120%

0%
20%
40%
60%
80%

100%
120%

Human capital per capita (US$ in thousands) as a % of USA
World Bank intangible capital per capita in nominal US$ at  market exchange rates as a % of USA
Average education attainment ages 15-64 as a % of USA

CHN IND
ROU POL ITA ISR NZL

ESP NLD AUS
DNK FRA JPN

KOR CAN
NOR

GBR USA

Figure 12.5 Human capital per capita 2006 compared with average education
attainment 2005 and World Bank intangible capital per capita 2005

29 The sample correlation coefficients between the Barro-Lee estimates (column 2)
and the other three are 0.71, 0.40, and 0.52, respectively, while those between
the Jorgenson-Fraumeni human capital per capita (column 3) and the others are
0.92 and 0.89, respectively. In addition, the sample correlation coefficient
between the last twomonetary estimates (one income-based in column 4, and the
other in column 5 that is based on the residual approach) is 0.89.
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market (e.g. employment probabilities and earnings) factors in a
dynamic way, i.e. both at the present and in the future. In contrast,
the indicators-based measure (such as Barro-Lee estimates) provides
only a snapshot of the present.

12.5 Remaining challenges

Despite that an increasing number of countries have applied, or are
planning to apply, the income-based approach to measuring human
capital, several issues and challenges remain.

12.5.1 Data issues

The data needed by the income-based approach are currently either not
available for some countries or are not in a form suitable for direct use.
Based on the OECD experience (Liu 2011), several issues stand out.

First, the quality and sources of earnings data cross-classified by
different characteristics of workers vary significantly across countries.
Data may refer to different earnings concepts (hourly and weekly earn-
ings in most cases, annual and monthly earnings for some countries)
and may include different elements of the remuneration packages of
workers.

In some cases, data on earnings refer only to the main job while in
other countries they may also cover secondary jobs and other remun-
erated activities. Finally, earnings data for different countries typically
refer to different categories of educational attainment, and may be
collected as either point estimates or in the form of earnings brackets.

Second, despite the great progress accomplished in collecting harmo-
nized educational statistics, there remain issues with the quality of data
on school enrolment and graduation rates, as definitions and classifica-
tions are not always comparable across countries, due for instance to
differences in educational systems and in ways of counting students
(e.g. students who repeat the year, students who graduate for a second
time, etc.).

Third, human capital estimates would ideally require data on survi-
val rates broken down by education.30 While some national estimates

30 Data on survival rates by age and education is constructed for certain age groups
in Barro and Lee (2013).
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exist, and they highlight largemortality differentials by socio-economic
characteristics, these breakdowns are not available for all countries and
they are rarely comparable across countries. Moreover, mortality sta-
tistics by educational level are not compiled through common stan-
dards across OECD countries, and in several countries they simply do
not exist (OECD et al., 2011).

Even more generally, constructing estimates of human capital based
on the income-based approach requires that data from a range of
sources – e.g. earnings statistics, population census, labor force sur-
veys, mortality records – are integrated and harmonized to meet the
requirements of human capital accounting. There are still challenges
ahead in this regard.

12.5.2 Methodological difficulties

Currently, most human capital estimates rely on the assumption that
cross-sectional earnings are good predictors of future cohorts’ earn-
ings. However there is ample evidence that cohort effects are typically
large.31 This suggests that it would be appropriate to use longitudinal
earnings data that disentangles age and cohort effects, and makes it
possible to account for cohort-specific factors.

Likewise, it would be important to separate wage premium due to
educational attainment from those due to on-the-job training and other
firms’ characteristics, as failure to do so may lead to overstate the
educational contribution to human capital. With respect to labor mar-
ket indicators (e.g. employment rates and earnings), it is also important
to separate business cycle effects that distort comparisons (e.g. by
depressing earnings or employment rates for different categories of
workers during a recession).

A further difficulty when applying the lifetime income approach
relates to the choice of some of the key parameters required by the
method, such as the expected real growth of labor income in the future,
the discount rate, and the price deflators used for temporal and country
comparisons. While assumptions on these parameters are currently left

31 One implication of the cohort effect is that a person born in the twenty-first
century may expect different income flows in the future than a person born in the
1990s.
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to the discretion of researchers, their choice would ideally require
further theoretical and empirical backup.32

Another challenge for developing monetary measures of human
capital is represented by the large discrepancies between estimates of
human capital by the income-based and the costs-based approaches.
These discrepancies should be better understood and reconciled. One
way to address this challenge would be to apply the two approaches
simultaneously, which would offer an opportunity to identify the main
factors accounting for the differences and to reconcile the twomethods.

12.6 Concluding remarks

The concept of human capital has many dimensions, implying that its
measurement has to be undertaken step by step in practice. Currently,
many countries are using the definitions of human capital that focus
on the productive capacity of individuals, and restrict the measure-
ment to formal education and the economic returns accruing to indi-
viduals, even if the broader OECD definition is accepted as a reference
point.

Starting from this narrower focus, human capital measurement initi-
ally aimed to develop summary indicators as simple proxies for human
capital. While the data requirements are limited, so is the scope of these
proxies. In recent years, developing monetary measures of human
capital in a systematic way has received increasing interest from inde-
pendent researchers, national statistical offices, and international
organizations.

All the approaches to measuring human capital reviewed in this
chapter have strengths and weaknesses. However, the monetary mea-
sures generated from the cost-based and income-based approaches
should arguably have a core status. Because these measures are more
comparable with those for traditional capital covered by the SNA, the
construction of the latter is one of the main tasks of national statistical
offices.

From country experiences and international initiatives as regards
human capital measurement, an international trend is emerging, i.e.
the lifetime income approach has been attracting more and more

32 Similar challenges confront the cost-based approach with respect to the choice of
depreciation rates and price deflators.
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attention. Estimates based on this approach can be used to assess the
relative contribution of a range of factors (demographic, education,
mortality, and labor market) to the evolution of human capital, facil-
itating the corresponding policy interventions.

Recent international experiences also suggest the feasibility of pro-
ducing these types of measures based on the information that is already
available within the national and international statistical systems (e.g.
Liu 2011). However, the scope for improvements in terms of consis-
tency and comparability of the underlying data remains significant.
Therefore, works should be pursued for continuing the compilation
and harmonization of the data needed for human capital accounting.

There is also room for improvement on the detailed methodological
choices applied by the lifetime income approach for human capital
measurement. For instance, to control the cohort and business cycle
effects, and to separate wage premiums among different factors, more
studies should be carried out, possibly based on new sources of data.
Research is also encouraged about how to choose the key parameters
required by applying this approach.

To address the divergence between estimates applying the cost-based
and the income-based approaches, satellite accounts could be
employed for such purpose, as they would allow linking stock and
flow measures of human capital in a full-fledged accounting system
which is consistent with the rest of the SNA.33

Presently, there are more estimates of the stock than of the invest-
ment in human capital; studies that directly link the stock and flow in a
systematic way are just a few (e.g. Jorgenson and Fraumeni 1989; Wei
2008; Gu and Wong 2010a). To reach an integrated and consistent
human capital account, the construction of both stock and flow
accounts should also be encouraged.

Up-to-date monetary measures of human capital based on the
lifetime income approach have been primarily used for national
wealth accounting (e.g. Gu and Wong 2008), for measuring the
output of education sector (e.g. Ervik et al. 2003), for identifying
the driving forces behind the evolution of human capital (e.g. Liu

33 For more details on the rationale and feasibility of developing human capital/
education satellite accounts, please refer to Abraham and Mackie (2005) and
Boarini et al. (2012).
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2011), and for addressing issues related to wellbeing and quality of
life (e.g. OECD 2011).

Efforts have been made to use the estimates by the lifetime income
approach to quality-adjust the output, so that an output-based estimate
of the volume of the education sector can be derived (Gu and Wong
2010b; see also Figure 12.1), making it possible to establish a produc-
tivity measure based on independently estimated inputs and outputs
(see Schreyer 2010).

Currently, the lifetime income approach has been applied for coun-
tries with relatively richer data. However, for the purpose of interna-
tional comparisons, some kind of streamlined approach should be
developed for those countries in which the needed data is not sufficient,
or even not available. Despite a few studies in existence (e.g. Fraumeni
2009; Hamilton 2013), more research along this line is very much
welcomed.
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13 A half century of Trans-Pacific
competition: price level indices
and productivity gaps for Japanese
and US industries, 1955–2012
dale w. jorgenson, koji nomura,
and jon d. samuels

13.1 Introduction

The Trans-Pacific Partnership is a proposed international agreement
that would involve Japan, the United States, and ten other countries of
the Asia-Pacific region.1 The agreement would reduce barriers to inter-
national trade and investment and increase competition between
Japanese and US industries around the Asia-Pacific region. This
would provide an opportunity to improve productivity performance
and improve standards of living in all the participating countries. In this
chapter we analyze the competition between Japanese and US indus-
tries that has provided powerful incentives for mutually beneficial
international economic co-operation between Japan and the US across
the Pacific since Japan regained sovereignty in 1952.2

The first objective of this chapter is to present price level indices and
productivity gaps between Japan and the US for the period 1955–2012.
The price level index is the principal indicator of international compe-
titiveness, often expressed in terms of the over- or undervaluation of
currencies, for example, over- or undervaluation of the Japanese yen
relative to the US dollar. The productivity gap is an indicator of the
relative efficiency with which inputs like capital and labor are trans-
formed into output in the two economies. A key feature of our mea-
sures is that they are constructed within the framework of the national

1 For the US perspective, see: https://ustr.gov/tpp.
2 The views expressed in this chapter are solely those of the authors and not
necessarily those of the Research Institute of Economy, Trade and Industry
(RIETI), Japan’s Ministry of Economy, Trade and Industry (METI), or the
US Bureau of Economic Analysis (BEA).
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accounts of both countries. We begin with a brief discussion of the two
basic concepts, the price level index and the productivity gap.

The price level index is defined as the ratio of the purchasing power
parity (PPP) to the market exchange rate. The purchasing power parity
represents the price of a commodity in Japan, expressed in yen, relative
to the price in the US, expressed in dollars. By comparing this relative
price with themarket exchange rate of the yen and the dollar, we obtain
the price barrier faced by Japanese producers in competing with their
American counterparts in international markets.

As a specific illustration, the purchasing power parity of a unit of the
gross domestic product (GDP) in Japan and the US in 2005 was 124.9
yen per dollar, while the market exchange rate was 110.2 yen per
dollar. The price level index was 1.13, so that the yen was overvalued
relative to the dollar by 13%. Firms located in Japan had to overcome
a 13% price disadvantage in international markets to compete with
US producers. This gives a quantitative measure of the international
competitiveness of Japan and the US in 2005.

The first contribution of this chapter is to develop new estimates of
price level indices for thirty-six industries in Japan and the US. Our
estimates are derived from detailed purchasing power parities for 174
products, constructed within the framework of a bilateral Japan–US
input–output table for 2005 by Nomura and Miyagawa (2015).
We also develop price level indices for capital stock and capital services
for thirty-three types of capital assets, including research and develop-
ment, land, and inventories. Finally, we develop price level indices for
1,680 categories of labor inputs, cross-classified by gender (2), age (6),
education attainment (4), and industry (35) categories. We aggregate
the detailed price level indices to constructmeasures for outputs and for
capital (K), labor (L), energy (E), materials (M), and services (S) inputs
for the thirty-six industries.

Jorgenson and Nomura (2007) constructed price level indices for
forty-two industries for the period 1960–2004. They showed that the
price level index for Japan and the US captures a critical turning point
in the international competition between the two economies. The Plaza
Accord of 1985was an agreement among the five leading industrialized
countries in response to the large US current account deficits in the
1980s. This resulted in depreciation of the US dollar and rapid appre-
ciation of the Japanese yen. The revised estimates in the chapter are
broadly consistent with Jorgenson and Nomura (2007). We estimate
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that the yen was undervalued by 13% relative to the dollar in 1985.
The rapid strengthening of the yen reversed this relationship, leading to
an overvaluation by 28% in 1990. The revaluation of the yen contin-
ued through 1995, leading to an overvaluation of the yen of 75% and
a dramatic loss in Japanese international competitiveness.

After 1995 Japanese policy-makers spent more than a decade dealing
with the overvaluation of the yen. Domestic deflation and a modest
devaluation coincided with a price level index decline of 4.64%
annually from 1995 through 2007. A fall in the purchasing power
parity of 2.77% per year resulted from modest inflation of 1.92% in
the US and deflation in Japan of 0.85%. In addition, the yen–dollar
exchange rate fell by 1.87% per year, almost reaching the yen–dollar
purchasing power parity in 2007.

The financial and economic crisis that originated in the US in
2007–2009 led to a second sharp revaluation of the yen. Under
Chairman Ben Bernanke, the Federal Reserve vastly expanded its bal-
ance sheet through quantitative easing but the Bank of Japan under
Governor Masaaki Shirakawa failed to react. The yen appreciated to
a historic high of 75.5 yen to the dollar in November 2011.
Subsequently there was modest depreciation of the yen, but in 2012
the yen was still overvalued by 34%.

The election of Prime Minister Shinzo Abe in December of 2012
coincided with further depreciation of the yen. This accelerated with
the adoption of quantitative easing by the Bank of Japan after
Governor Haruhiko Kuroda took office in April 2013. By the end
of February 2015 the yen–dollar exchange rate had risen to 119.6 yen
per dollar, well above our estimate of the purchasing power parity of
107.3 yen per dollar in 2012. We conclude that quantitative easing by
the Bank of Japan has restored Japan’s international competitiveness
relative to the US.

Price level indices between Japan and the US have real counterparts
in the productivity gaps between the two countries. We define produc-
tivity as output per unit of all inputs. At the economy-wide level total
factor productivity (TFP) is defined as the GDP divided by the total of
capital and labor inputs. This can be distinguished from labor produc-
tivity, the ratio of GDP to labor input, or capital productivity, the ratio
GDP to capital input. The productivity gap reflects the difference
between the levels of TFP and captures the relative efficiency of pro-
duction in the two countries.
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The second contribution of this chapter is to trace the Japan–US
productivity gap to its sources at the industry level. For this purpose we
use new industry-level production accounts for Japan and the US that
are closely comparable and employ similar national accounting con-
cepts. The US production account was developed by Jorgenson, Ho,
and Samuels (Chapter 2, this volume), who have extended the estimates
of Jorgenson, Ho, and Stiroh (2005) backward to 1947 and forward to
2012. We extend the Japanese production account presented by
Jorgenson and Nomura (2007) backward to 1955 and forward to
2012 with important revisions described below. We derive TFP esti-
mates for each country by aggregating over industries.

The convergence of Japanese economy to US levels of productivity
has been analyzed in a number of earlier studies – Jorgenson, Kuroda,
and Nishimizu (1987), Jorgenson and Kuroda (1990), van Ark and
Pilat (1993), Kuroda and Nomura (1999), Nomura (2004), and
Cameron (2005), as well as Jorgenson and Nomura (2007). We define
the productivity gap between Japan and the US as the difference
between unity and the ratio of levels of total factor productivity in
the two countries. For example, in 1955, three years after Japan
regained sovereignty at the end of the Allied occupation in 1952,
Japan’s TFP was 45.4% of the US level, so that the productivity gap
between the two economies was 54.6%.

Japanese GDP grew at double-digit rates for a decade and a half,
beginning in 1955. This rapid growth is often associated with the
“income-doubling” plan of Prime Minister Hayato Ikeda. Ikeda took
office in 1960 and immediately announced a plan to double Japanese
incomes during the decade 1960–1970. The growth rate of Japanese
GDP averagedmore than 10%per year from 1955–1970, considerably
exceeding the income-doubling rate of 7%. The growth of TFP con-
tributed about 40% of this growth in output, while growth of capital
and labor inputs contributed around 60%.

The first oil shock of 1973 slowed Japanese growth considerably,
but Japanese GDP doubled more than three times between 1955 and
1991. The growth of TFP accounted for a little under a third of this
increase, while growth of capital and labor inputs accounted for
slightly more than two-thirds. US economic growth averaged less
than half the Japanese growth rate from 1955–1991. Japanese TFP
grew at 2.46% per year until 1991, while annual US TFP growth
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averaged only 0.46%. By 1991 Japanese TFP reached 92.9% of the
US level, narrowing the productivity gap from 55% in 1955 to 7% in
1991.

The collapse in Japanese real estate prices that ended the “bubble
economy” in 1991 ushered in a period of much slower growth, often
called the Lost Decade. The Japanese rate of economic growth plum-
meted to only 0.70% per year from 1991–2012, less than a tenth of the
growth rate from 1955–1991. US economic growth continued at
2.71% during 1991–2012, powered by the information technology
investment boom of 1995–2000, when the growth rate rose to 4.40%
per year. After 1991 Japanese TFP was almost unchanged, falling at
0.05% per year, while US TFP growth continued at 0.53%. By 2012
the Japan–US productivity gap had widened to 17.3%, the level of the
early 1980s.

Hamada and Okada (2009) have employed price level indices to
analyze the monetary and international factors behind Japan’s Lost
Decade. The Lost Decade is discussed in much greater detail by
Hamada, Kashyap, and Weinstein (2010), Iwata and ESRI (2011),
and Fukao (2013). The Lost Decade of the 1990s in Japan was
followed by a brief revival in economic growth. The Great
Recession of 2007–2009 in the US was transmitted to Japan by a
sharp appreciation of the yen in response to quantitative easing by the
Federal Reserve. This led to a downturn in Japan that was more severe
than in any of the other major industrialized countries. This provided
the setting for a renewed focus on economic growth by the Abe
government in 2012.

In summary, this chapter analyzes changes in price competitiveness
between Japan and the US and the industry origins of the productivity
gap between the two economies over more than five decades beginning
in 1955. In Section 13.2 we describe the data sources for comparing
outputs, inputs, and productivity at the industry level and constructing
price level indices at elementary and industry levels. In Section 13.3 we
present the resulting price level indices and productivity gaps.
We aggregate these results to obtain indices of output, capital and
labor inputs, and total factor productivity for Japan and the US.
Section 13.4 concludes the chapter with a discussion of implications
for the proposed Trans-Pacific Partnership. We present our methodo-
logical framework in the Appendix.
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13.2 Data

13.2.1 Industry-level production accounts for Japan
and the US

Industry-level production accounts for Japan and the US include indus-
try outputs, factor inputs of capital and labor, and intermediate inputs
of energy, materials, and services (KLEMS). We present these data in
current and constant prices for the period 1955–2012. Productivity for
each industry is defined as the ratio of output to all inputs. Jorgenson,
Ho, and Samuels (Chapter 2, this volume) provide details on the data
sources and methods of data construction for the US. Adjustments to
the US data to ensure consistency between Japan and the US are noted
below.

Our industry-level production accounts for Japan take the study by
Jorgenson and Nomura (2007) as a point of departure. We have made
five major improvements in the data for Japan. The first is greater
consistency with the production accounts and commodity flow data
from Japan’s System of National Accounts (JSNA). These accounts are
compiled by the Economic and Social Research Institute (ESRI) of the
Cabinet Office. The 2005 benchmark revision of the JSNA was pub-
lished by ESRI in 2011. We have incorporated commodity flow data
from the JSNA.3

Second, the estimates of labor services by Jorgenson and Nomura
(2007) were based on a limited number of published cross-tabulations,
supplemented by sample surveys of educational attainment. Nomura
and Shirane (2014) have replaced these sources by custom-made tables
with fully cross-classified data for 1980–2010 from the Japanese
Census of Population. These tables have been compiled at five-year
intervals by the National Statistics Center (NSTAC).4 Nomura and
Shirane (2014) have provided a comprehensive revision of Japanese
labor data by industry, with new estimates extended backward to 1955
and forward to 2012.

3 We are indebted to ESRI for the time-series commodity flow data from the JSNA.
4 The NSTAC is an incorporated administrative agency, created in April 2003 as
part of the central statistical organization in Japan. Unpublished tabulations of
fully cross-classified data for Japan were made available through full
implementation of the Statistics Act implemented in April 2009. See: www.stat.go
.jp/english/index/seido/1-1n.htm.
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Third, we replace rates of depreciation for produced assets in the
JSNA by new estimates developed by Nomura and Suga (2013) for
ESRI. They have estimated asset lives and rates of depreciation for
a very finely divided classification of assets. This classification distin-
guishes 369 asset types and uses data on retired assets collected in
ESRI’s Survey on Capital Expenditures and Disposals in Japan from
2006 to 2012. The survey collected observations on 838,000 asset
disposals from business accounts of private corporations. These data
were used to estimate asset lifetimes. For about 60,000 observations
the assets were sold for continued use and the prices were used to
estimate rates of deprecation. Based on this study, many of the depre-
ciation rates that we employ are higher than those used in the JSNA.

Fourth, we have defined the supply and use tables (SUT) at basic
prices. Consumption taxes are removed in our compilation of intermedi-
ate inputs and factor services. The consumption tax was first introduced
in Japan inApril 1989. Both deductible and not-deductible consumption
taxes are included in indirect taxes in the official benchmark input–
output tables and production accounts in the JSNA. By removing these
taxes we are able to provide purchasing power parities for Japan–US
comparisons that reflect prices received by the producers.

Fifth, we capitalize research and development (R&D) by industry in
our time-series SUT and capital services data in order to achieve com-
parability with the comprehensive revision of the US national accounts
published in July 2013. In accordwith the System ofNational Accounts
2008, the capitalization of R&D will be included in the benchmark
revision of JSNA scheduled for 2016. We developed the R&D invest-
ment series covering the period of 1952–2012, based on the Survey of
Research and Development by the Statistics Bureau of Japan, and
estimated the time-series of capital stock and capital services by indus-
try for 1955–2012.

The public sector is a special challenge in creating a common indus-
try classification. In principle, the public sector under the common
classification scheme should include only sectors where market trans-
actions are not available. In practice, to arrive at our common classifi-
cation, we reclassify a portion of public sector activities to private
industries with similar technological characteristics. In particular, we
move US government enterprise industries to private sector counter-
parts. The value for non-market production of capital services by
household and government sectors are imputed and are defined as the
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outputs of government (sector 35) and households (sector 36). We set
the productivity gap between Japan and the US equal to zero for the
non-market production of capital services by households and the pub-
lic sector.

The industry-level production accounts for Japan and the US are
closely comparable. The required rates of return used in measuring
prices and volumes of capital services are determined endogenously to
exhaust capital income across all capital assets. The industry-level
measures of labor services are adjusted for quality, using similarly
detailed cross-classifications of the labor data. For this study we have
developed a thirty-six-industry classification that provides greater com-
parability for the period 1955–2012 than the forty-two-industry clas-
sification employed by Jorgenson and Nomura (2007).

13.2.2 PPPs for elementary products

We estimate PPPs for Japan and the US for outputs, factor inputs of
capital and labor, and intermediate inputs of energy, materials, and
services (KLEMS) for thirty-six industries. Except for labor services,
these PPPs are based on price comparisons of 174 elementary products
for the benchmark year 2005, where the elementary product refers to
the most detailed level at which we have data to define the comparable
product. This section describes the concepts and the multitude of data
sources used for the elementary price comparisons. Section 13.2.3
describes the industry-level PPPs for output and intermediate inputs.
The industry-level PPPs for capital and labor services are presented in
Sections 13.2.4 and 13.2.5, respectively.

In this chapter we use a hybrid of the two basic approaches for
defining PPPs for elementary products. The first approach uses
production-side data for domestically produced products in Japan
and the US, the PPPs in producer’s prices are ratios of average unit
prices, each defined as the monetary value over the physical volume.
This approach is especially easy to implement in sectors with outputs
defined in homogenous physical units, for example, electricity and
mining products. In the second approach PPPs can be estimated from
demand-side data by eliminating the wedge between producer’s domes-
tic prices and prices of imported products and purchaser’s prices of
composites of domestic and imported products. The wedges are due to
trade and transportation margins and taxes.
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The hybrid approach that we use incorporates a new benchmark
estimates of PPPs for 174 products from both production-side and
demand-side price data for the benchmark year 2005 and is described
in detail by Nomura and Miyagawa (2015). We outline the methodol-
ogy in the appendix to this chapter and discuss the data sources for the
PPPs. The elementary level PPPs are based on the 2005 Japan–US
input–output table (IOT) published by Ministry of Economy, Trade
and Industry (METI) in 2013.

The representation of the trade structure in the 2005 bilateral IOT
indicates consistent price differences between the two economies,
reflecting differences in freight and insurance rates, duty rates, whole-
sale and retail trade margins, transportation costs (railway, road,
water, air, and others), and import shares of each commodity in
Japan and the US. Using demand-side data for purchaser’s price PPPs
for final demands, we estimate the producer’s price PPPs for domes-
tically produced goods.

One of the difficulties in estimating PPPs in producer’s prices from
demand-side data is to define PPPs for imported goods. These are
required to separate PPPs for domestically produced commodities
from PPPs for composite products that include imports. Using the
Japan–US bilateral IOT, goods purchased in Japan can be separated
into domestically produced goods, goods imported from the US, and
goods imported from the rest of the world (ROW).

The purchaser’s prices in Japan for goods imported from the US can
be linked to prices of domestically produced goods in the US. This
involves taking account of the wholesale margins and transportation
costs in the US, the costs of freight and insurance required for shipment
from the US to Japan, the duties levied by Japanese customs, and the
margins for wholesale and retail trade and transportation costs in
Japan. Similarly, import prices in the US can be linked to domestic
output prices in Japan. The prices of imports in Japan and the US from
theROWare not completely observable andwe develop a sub-model to
determine these prices. The price level indices for domestically pro-
duced goods and composite goods are determined simultaneously
within the framework of the bilateral Japan–US IOT.

A final challenge to estimation of PPPs from demand-side data is the
absence of price comparisons for intermediate products like semi-
conductors that do not appear in final demands. Although semi-
conductors play a significant role in productivity comparisons, PPPs
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are not provided in even themost comprehensive demand-side data, the
Eurostat-OECD Purchasing Power Parities. To supply the missing
information, METI has carried out a Survey on Disparities between
Domestic and Foreign Prices of Industrial Intermediate Inputs since
1994. Price differences are defined as purchaser’s prices, including the
difference in trade margins for intermediate goods. Using these data,
the PPPs for domestically produced goods are estimated to be internally
consistent based on the accounting identities in the Japan–US IOT.

13.2.3 PPPs for outputs and intermediate inputs

We have defined five types of elementary PPPs for each of 174 pro-
ducts: (1) the producer’s price PPP for domestically produced goods,
excluding net indirect taxes; (2) the producer’s price PPP for compo-
site goods sold to households for household final demands; (3) the
producer’s price PPP for composite goods sold to industry; (4) the
purchaser’s price PPP for composite goods sold to households; and
(5) the purchaser’s price PPP for composite goods sold to industry.
We use the PPPs for domestically produced goods (1) for outputs, the
producer’s price PPPs for composite goods sold to industry (3) for
intermediate goods, and the purchaser’s price PPPs for composite
goods sold to industry (5) for investment expenditures.

We aggregate the 174 elementary level PPPs into the thirty-six
industry level PPPs for outputs, using the translog price index as of
the base year 2005, equation (5) in the Appendix. The weights are the
average shares of each industry’s output in the two economies from
the bilateral Japan–US IOT. We aggregate the elementary product
PPPs to industry-PPPs for output in Japan and the US by means of
a translog index. The weights are the average shares of product’s
output in each industry, measured in Supply/Make tables in Japan
and the US. Similarly, we aggregate industry-level PPPs for intermedi-
ate inputs by means of translog indices from the 174 elementary level
PPPs, using the average shares as weights.5 Given the industry-level
PPPs for gross output and intermediate inputs, the industry-level PPPs
for value added are measured by a double deflation method. The PPPs

5 In our comparison, all inputs of energy purchased by energy conversion sectors –
petroleum refining, electricity, and gas supply – are treated as materials input,
not energy inputs.
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for non-market production in the government and household sectors
set the Japan–US productivity gap equal to zero in these sectors.

13.2.4 PPPs for capital inputs

Our first step in measuring PPPs for capital inputs is to construct
a common asset classification for Japan and the US. Our asset classifi-
cation employs thirty-three assets, including three intellectual property
products – R&D, mineral exploration, and software – , inventories,
and land. To measure PPPs for the acquisition of each asset, we con-
struct translog indices of the purchaser’s price PPPs for the composite
goods by asset. These indices are based on our estimates for elementary
level PPPs for the 174 products described above. The PPPs for acquisi-
tion of inventories are assumed to be the average of PPPs for acquisition
of produced goods, except for buildings and construction.

The difference in land prices between Japan and the US has
a substantial impact on the PPPs for capital inputs.6 Compared to the
estimates of Jorgenson and Nomura (2007) for the benchmark year of
1990, there has been a drastic change in price level indices for land.
The price of land in Japan fell sharply during the real estate price
collapse of 1991 that ended the “bubble economy.” Our estimate of
the average price of land in 2005 is only 56.5% of that in 1990. The US
land price increased substantially from the beginning of the 2000s, so
that the average price in 2005 is 3.7 times higher than that in 1990.
Reflecting these changes in both countries, the price differential for
land between Japan and the US has decreased to 1.9 times in our new
benchmark estimates for 2005, compared to 11 times in 1990.
The price for acquisition of fixed assets, produced assets and land, in
Japan is 1.36 times higher than that in the US in 2005 if land is included
in capital input, but would be almost identical if land were excluded.

The price of a capital input is the product of the price of acquisition
of the corresponding asset and the annualization factor that converts

6 Nomura (2004) showed that Japan’s acquisition price of land for commercial and
industrial uses was 9.1 times higher than that in the U.S. in 1990. The price for
capital acquisition in Japan was 2.9 times higher than that in the U.S. in 1990 if
we include land in capital input, but only 24 % higher if land is excluded.
Jorgenson and Nomura (2007) ignored the prices of land in measuring the
productivity gaps between Japan and the U.S. although land was included in
capital inputs in both countries.
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the capital stock into a flow of capital services. The final step in
measuring PPPs for capital inputs is to determine the relative value of
the annualization factors between Japan and the US. A novel feature of
our datasets for Japan and the US is that the annualization factors are
measured on the basis of comparable formulations of the price of
capital input, assuming asset-specific revaluations for all assets and
endogenous rates of return for each industry. Tax considerations also
provide a key component of the prices of capital inputs.7

The annualization factors are described in the appendix and esti-
mated for 105 assets and 47 industries in Japan and 106 assets in 61
industries in the US. The estimates are aggregated into measures for the
33 assets of the Japan–US common asset classification in each industry.
In 2005, the aggregate price level index for capital services was 1.14.
For comparison purposes, the price level index for capital stock was
1.36 in 2005. The difference between these two price level indexes
reflects divergence in measured annualization factors in the two coun-
tries, where the primary driver of this divergence is gaps in rates of
return to capital across countries.

13.2.5 PPPs for labor input

In defining PPPs for labor inputs, we follow Nomura and Samuels
(2003). The elementary level PPPs for labor input as of the base year
PPPLijT are measured as average hourly labor compensation in each
labor group i in industry j, taking one dollar’s worth as the unit at the
elementary level. The elementary level PPPs for labor input are aggre-
gated to the industry-level, using the translog index in equation (5) of
the Appendix.

For Japanese and US datasets, the labor inputs are cross-classified by
gender, age, education, class of worker, and industry. The common labor
classification system for Japan and the US enables allows us to compare
wages of similar workers. The US dataset has eight age classifications for
workers and Japan has eleven. We choose a common classification of six
age groups – under 24 years old, 25–34, 35–44, 45–54, 55–64, and over

7 In measuring capital input in Japan, capital consumption allowances, income
allowances and reserves, special depreciation, corporate income tax, business
income tax, property taxes, acquisition taxes, debt/equity financing, and personal
taxes are taken into account. The details are described by Jorgenson, Ho, and
Stiroh (2005) for the US and Nomura (2004) for Japan.
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65 years of age. As a common education classification, we choose four
education categories – less than high school degree, high school degree,
some college, and college degree and above.8

In both economies workers are classified as employed or self-employed
and unpaid family workers. We consider only employed workers when
measuring the PPPs for labor input. After cross-classifying the data by all
the demographic characteristics, we have 1680 groups in total. The
industry-level PPP for labor inputs are calculated as the translog index
of the elementary-level PPPs.

13.3 Results

13.3.1 PPPs for output, factor inputs, and intermediate inputs

We now turn to the main results of this chapter. We estimate PPPs for
value added at the industry level by a double deflation method. For this
purpose, we use industry-level PPPs for gross output, factor inputs of
capital and labor, and intermediate inputs of energy, materials, and
services for 2005. The PPP GDP is defined as a translog index of the
industry-level PPPs for value added, weighted by average industry
shares of value added at current prices in the two countries. Similarly,
the PPPs for factor inputs and intermediate inputs by industry are
defined as translog indexes of PPPs for these inputs at the elementary
level, using average industry shares as weights. Taking estimates of the
PPPs for 2005 as a benchmark, we derive time-series estimates of the
PPPs by extending the benchmark back to 1955 and forward to 2012,
using time-series data on prices for outputs and inputs in both
countries.

Table 13.1 presents our estimates of PPPs and price level indices
(PLIs) for Japan relative to the US. Figure 13.1 represents the long-term
trends of PPPs for output and inputs.9 The yen-dollar exchange rate is

8 In Nomura and Samuels (2003), three education categories for females were used
in the common classification of labor input, due to data constraints in Japan.
Nomura and Shirane (2014) have estimated wage differentials for the different
education categories from the Basic Survey onWage Structure the late 1950s and
the female population shares by education in the Population Censuses.

9 Our estimates of PPP for GDP are based on outputs, while the Eurostat-OECD
PPPs presented in Table 13.1 are based on expenditures. Although the two PPP
estimates are nearly identical in 2012, our output-based estimates are higher
through the beginning of the 1970s and lower in the 1990s and 2000s.
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Table 13.1 PPPs and price level indices for output and KLEMS

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2012

PPPs (purchasing power parities)
Output (GDP) 210.2 215.1 237.0 247.3 279.4 247.3 206.8 185.1 164.3 146.3 124.9 114.0 107.3
Capital 166.6 235.7 217.9 291.2 222.4 227.2 207.9 194.4 145.7 141.9 125.0 112.7 103.2
Labor 60.7 66.2 101.5 123.6 200.2 178.4 153.3 147.7 144.6 114.1 90.4 79.2 75.4
Energy 627.4 625.1 618.9 581.6 600.6 521.3 461.1 308.9 271.9 231.1 169.1 151.3 143.8
Material 270.8 254.3 259.3 255.3 255.8 218.8 193.6 154.3 135.5 128.3 112.3 100.1 93.1
Service 175.2 168.3 197.4 206.4 259.7 246.3 205.6 181.7 163.0 142.5 122.6 108.4 103.3

GDP-expenditure based – 170.6 204.1 226.0 266.0 245.6 206.9 189.2 174.5 155.0 129.6 111.6 104.6
Exchange rate 360.0 360.0 360.0 360.0 296.8 226.8 238.5 144.8 94.1 107.8 110.2 87.8 79.8
PLIs (price level indices)
Output (GDP) 0.58 0.60 0.66 0.69 0.94 1.09 0.87 1.28 1.75 1.36 1.13 1.30 1.34
Capital 0.53 0.74 0.68 0.90 0.83 1.09 0.93 1.40 1.59 1.32 1.14 1.29 1.30
Labor 0.17 0.18 0.28 0.34 0.67 0.79 0.64 1.02 1.54 1.06 0.82 0.90 0.95
Energy 1.74 1.74 1.72 1.62 2.02 2.30 1.93 2.13 2.89 2.14 1.53 1.72 1.80
Material 0.75 0.71 0.72 0.71 0.86 0.97 0.81 1.07 1.44 1.19 1.02 1.14 1.17
Service 0.49 0.47 0.55 0.57 0.88 1.09 0.86 1.25 1.73 1.32 1.11 1.24 1.29

Note: The PPP for GDP-output based is defined as a translog index of industry-level PPP for value added, which is calculated by the double
deflationmethod. The Price Level Indices are defined as the ratio of PPP to exchange rate. The PPP and exchange rate are defined by Japanese yen/
US dollar. The PPP for GDP-expenditure based is the estimate by the Eurostat-OECD.

C6
7D

6
2

2:23
6

2C9CC
,

 42
3

:586 
8

4
6

C6
 9CC

,
5

: 
8

 
 

.
2565

7
9CC

,
 42

3
:586 

8
4

6 
2

3
:586

1
:

6
:C

0
2:

/2
2C

,
,

D3
64CC

C96
2

3
:586

6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.013
https://www.cambridge.org/core


represented as a shadow in Figure 13.1. If the PPP is higher than the
exchange rate, the Japanese price is higher than the US price. Through
the mid-1970s the Japanese price for output (GDP) was lower than the
US price. The Japanese prices of inputs of capital, labor, energy, mate-
rials, and services (KLEMS), except for energy, were lower than the
US prices as well, over this period.

Lower input prices, especially the price of labor input (only 17%of the
US level in 1955), provided a source of international competitiveness for
Japanese products from the 1950s until the middle of 1970s. During this
period the PPP for materials was quite stable and the rise of the PPP for
services was nearly proportional to the rise in the PPP for output.
The PPPs for capital and labor inputs increased much more rapidly
than the PPP for output. With the rise in the price of labor and the yen
appreciation in the 1970s, Japan’s competitiveness in international mar-
kets eroded substantially.

The end of rapid Japanese economic growth in the beginning of the
1970s provided a turning point towards a decrease in the PPP for capital
input. After the mid-1970s the PPPs for all inputs began to decrease.
Japan’s prices of output and all inputs have continued to decline for four
decades, relative to prices in the US. For two decades Japan has under-
gone substantial deflation and the yen has continued to appreciate.

0

100

200

300

400

500

600
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Figure 13.1 PPPs for output and KLEMS during, 1955–2012
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By 1985, the yen was undervalued by 13%, based on our estimate of
the PLI for GDP. After the Plaza Accord of 1985, the rapid strengthen-
ing of the yen relative to the US dollar in the late 1980s reversed this
relationship, leading to an overvaluation of the yen by 28% in 1990.
The revaluation of the yen continued through 1995, leading to a huge
overvaluation of 75%. At that time the price of labor input was 54%
higher in Japan, which posed a formidable barrier to Japanese products
in international markets.

Japanese policy-makers required more than a decade to deal with the
overvaluation of the yen that followed the Plaza Accord. This was
accomplished primarily through domestic deflation,with amodest deva-
luation of the yen. The PLI for GDP in Japan, relative to the US, declined
by 4.64% annually through 2007 from the peak attained in 1995.
The decline in the PPP for GDP of 2.77% per year was the result of
modest inflation in the US of 1.92% and deflation in Japan of 0.85%.
In addition, the yen–dollar exchange rate depreciated by 1.87%per year.

Although the market exchange rate of the yen approached the PPP
for GDP in 2007, the yen appreciated sharply in response to quantita-
tive easing by the Federal Reserve that was taken in response to the
financial crisis in the US. In November 2011, the market exchange rate
reached 75.5 yen per dollar, the highest level since the second world
war. By 2012, the PLI for GDPwas 34.5% higher in Japan. In response
to quantitative easing by the Bank of Japan under Governor Haruhiko
Kuroda, the yen sharply declined, reaching 119.6 yen per dollar as of
the end of February 2015. This is well below our estimate of the PPP for
GDP of 107.3 in 2012 and has restored Japanese international
competitiveness.

Figure 13.2 presents PLIs for GDP of 1.13 in 2005 and similar indices
for value added in individual industries. Industry-level PLIs for gross
output reflect the prices of intermediate inputs as well as value added, so
that the PLI for value added is a better measure for evaluating the price
competitiveness of individual industries. The second panel of Figure 13.2
gives the contribution of individual industries to the PLI for GDP. For
example, Japanese agriculture and electricity and gas sectors, two indus-
trieswith high PLIs for value added, pushed up the Japanese PLI forGDP
by 1.4%and 1.7%, respectively.10 However the Japanese wholesale and
10 The real estate sector made the greatest contribution to the PLI for GDP. This

reflects high prices of buildings and land in Japan and the large share of real
estate value added in the GDP.
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retail industry has the largest contribution to the PLI for GDP.
By contrast, Japan’s medical care sector in services and motor vehicles
and primary metal sectors in manufacturing contributed negatively to
the PLI for GDP. All three of these industries are highly competitive with
their US counterparts.

13.3.2 Level indices of output, inputs, and productivity

Table 13.2 summarizes the productivity gaps between Japan and the
US. This table compares level indices of output, output per capita, input
per capita, and TFP between the two countries over the period
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Figure 13.2 Industry-level PLIs for GDP, 2005
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Table 13.2 Volume level indices of output, inputs and productivity

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2012

Output 0.084 0.125 0.172 0.259 0.302 0.328 0.348 0.381 0.372 0.316 0.289 0.272 0.263
Output per capita 0.155 0.239 0.336 0.508 0.583 0.637 0.684 0.770 0.790 0.703 0.668 0.657 0.646
Input per capita 0.341 0.431 0.563 0.694 0.780 0.789 0.797 0.843 0.886 0.803 0.781 0.788 0.781
Capital input per capita 0.173 0.215 0.334 0.443 0.574 0.607 0.619 0.704 0.794 0.709 0.649 0.638 0.637
Capital stock per
capita

0.319 0.380 0.502 0.616 0.727 0.792 0.816 0.853 0.928 0.932 0.919 0.916 0.909

Capital quality 0.541 0.566 0.664 0.719 0.790 0.766 0.758 0.825 0.855 0.761 0.706 0.696 0.701
Labor input per capita 0.606 0.789 0.866 0.988 0.999 0.987 1.002 1.001 0.993 0.919 0.949 0.987 0.970
Hours worked per
capita

1.051 1.288 1.308 1.391 1.298 1.225 1.210 1.172 1.150 1.042 1.061 1.097 1.090

Labor quality 0.576 0.612 0.662 0.711 0.770 0.805 0.828 0.854 0.864 0.882 0.895 0.900 0.890
TFP 0.454 0.555 0.597 0.732 0.748 0.808 0.858 0.912 0.892 0.876 0.855 0.833 0.827
Average labor
productivity

0.147 0.186 0.257 0.365 0.449 0.520 0.565 0.657 0.686 0.675 0.629 0.599 0.593

Average capital
productivity

0.895 1.112 1.008 1.146 1.017 1.051 1.105 1.093 0.995 0.991 1.029 1.030 1.014

Note: All figures present the relative values (Japan/US) in each period.
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1955–2012. Differences in output per capita can be decomposed into
differences in input per capita and differences in TFP, as defined in
equation (11) in the Appendix. For example, Japanese GDPwas 26.3%
of the US level in 2012. GDP per capita in Japan was 64.6% of the
US level, while Japanese input per capita was 78.1% and Japanese TFP
was 82.7%.

Differences in input per capita in Table 13.2 result from differences
in capital and labor input. In 1955 Japanese labor input per capita
was 60.6% of the US level in 1955. The gap of 39.4%was the result of
the lower quality of labor in Japan, reaching only 57.6% of the
US level. After 1970 the lower quality of Japanese labor was largely
offset by longer hours worked per capita, 39.1% longer in 1970.
Subsequently, Japan has reduced hours worked per capita and
improved labor quality, reducing the gap in labor quality to around
10% in 2010.11

Japanese capital input presents a striking contrast to labor input in
that the level still remains significantly below the US. In 1955
Japanese capital input per capita was only 17.3% of the US level,
but rapidly rising levels of investment in Japan during the period
1955–1973 reduced the gap to 46.3% by 1973. The gap continued
to close through 1995, when Japanese capital input per capita reached
79.4% of the US level. The investment slump that followed the
collapse of the bubble economy in Japan and the US investment
boom of the late 1990s widened the gap to 29.1% in 2000 and
36.3% in 2012. This accounts for most of the remaining gap in
input per capita of 21.9% in 2012.

Our estimates of input per capita are revised downward, relative to
the study of Jorgenson and Nomura (2007), and the productivity gap
has been revised upward. Our new estimate of the Japan–US gap for
TFP in 1955 is 54.6%. This gradually declined over the following
thirty-six years and reached a low of 7.1% in 1991, as shown in
Figure 13.3. Economic growth and its sources for Japan and the

11 By comparison with Jorgenson and Nomura (2007), the PPPs for labor were
revised upward, reflecting the shift of the base year from 1990 to 2005 and the
revision of Japanese data. Nomura and Shirane (2014) treat full-time, part-time,
and temporary employees separately. The PPP for labor was revised upward
from 105.0 to 114.1 yen per dollar in 2000. This revision reduced the volume
and quality level indices for labor, although the volume level index for hours
worked was not affected. The downward revision in the volume of labor
increased the level index for TFP.
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US are summarized in Table 13.3. The growth rate of TFP in Japan was
2.46% per year from 1955 to 1991. After 1991 this declined
to −0.05%, slightly negative. By comparison the growth rate of TFP
in the US was 0.46% per year from 1955–1991 and 0.53% after 1991.

The Japan–US gap in capital input per capita can be decomposed into
the gap in capital stock per capita and the gap in capital quality.
In equation (9) of the Appendix, capital quality is defined as capital
input per unit of capital stock. Relative to the estimates of Jorgenson
and Nomura (2007), the PPP for capital input has been revised down-
ward, so that the level index for capita input has been revised
upward.12 Our new estimates include R&D as a capital input, follow-
ing the recommendations on the treatment of intellectual property
products in the 2008 SNA. In 2005 the R&D stock at current prices
accounts for 4.4% of the total capital stock, including land and inven-
tories, in Japan and 3.7% in the US.

We have chosen 2005 as a new benchmark year and this reduces the
gap in the average price of land between Japan and the US substantially.
The use of benchmark year 2005 also reduces the capital quality level
index, reflecting the decrease in the gap in the annualization factors for

0.4

0.6

0.8

1.0

1.2

1.4

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Japan

US

(US TFP level in 1955 = 1.0)

Figure 13.3 Japan–US TFP level indices

12 In 2000 the PPP for capital was revised downward from 157.4 to 141.9 yen per
dollar.
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Table 13.3 Growth in aggregate value added and its sources

1955–60 1960–65 1965–70 1970–75 1975–80 1980–85 1985–90 1990–95 95–2000 2000–05 2005–10 2010–12 1955–91 91–2012

Japan
Output 10.45 11.16 11.97 5.82 4.97 4.45 5.33 2.00 1.14 0.96 −0.23 0.34 7.67 0.70
Capital input 3.56 6.46 5.62 4.46 1.97 1.66 2.82 2.00 0.79 0.50 0.43 0.16 3.79 0.73

IT capital 0.09 0.17 0.21 0.23 0.13 0.19 0.37 0.22 0.37 0.46 0.30 0.16 0.20 0.32
(of which quality) 0.00 0.01 0.00 −0.01 0.00 0.01 −0.02 0.00 0.02 0.05 0.02 −0.04 0.00 0.02

Non-IT capital 3.47 6.29 5.41 4.23 1.85 1.48 2.45 1.77 0.42 0.04 0.13 0.00 3.59 0.40
(of which quality) 0.83 1.95 1.21 1.33 0.12 0.32 1.31 0.74 −0.21 −0.21 −0.02 0.13 1.04 −0.02

Labor input 2.68 1.66 2.01 0.67 1.42 1.00 0.86 0.09 −0.17 0.07 −0.06 0.17 1.42 0.02
(of which quality) 0.94 1.02 0.72 1.08 0.78 0.56 0.47 0.36 0.38 0.35 0.33 0.02 0.78 0.33

TFP 4.22 3.03 4.34 0.70 1.58 1.79 1.65 −0.09 0.53 0.39 −0.60 0.00 2.46 −0.05
Agriculture 0.63 −0.10 −0.31 0.03 −0.12 0.09 0.04 −0.07 0.06 −0.07 0.01 0.03 0.03 −0.01
IT-manufacturing 0.08 0.13 0.15 0.15 0.22 0.17 0.28 0.12 0.35 0.29 0.10 −0.03 0.17 0.19
Motor vehicle 0.17 0.11 0.27 0.04 0.24 −0.03 0.07 −0.04 0.00 0.09 −0.05 −0.05 0.12 −0.01
Other manufacturing 1.77 1.86 2.24 0.10 0.73 0.78 0.48 −0.02 0.07 0.00 −0.24 −0.37 1.12 −0.11
Communications 0.15 0.16 0.07 0.07 −0.02 0.05 0.08 0.07 0.10 0.01 0.02 0.07 0.08 0.05
Trade 0.73 1.05 0.88 0.23 0.70 0.02 0.64 0.66 −0.07 0.29 −0.39 0.04 0.62 0.06
Finance and insurance −0.05 0.29 0.24 0.20 0.23 0.15 0.29 −0.18 0.18 0.10 −0.19 −0.12 0.18 −0.02
Other services 0.73 −0.47 0.81 −0.12 −0.40 0.56 −0.22 −0.63 −0.17 −0.31 0.15 0.44 0.13 −0.20
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Table 13.3 (cont.)

1955–60 1960–65 1965–70 1970–75 1975–80 1980–85 1985–90 1990–95 95–2000 2000–05 2005–10 2010–12 1955–91 91–2012

United States
Output 2.51 4.78 3.74 2.74 3.31 3.29 3.51 2.47 4.40 2.79 0.96 2.12 3.33 2.71
Capital input 2.00 2.30 2.79 2.10 1.92 1.83 1.98 1.44 2.40 1.78 1.04 0.69 2.11 1.59

IT capital 0.05 0.11 0.16 0.16 0.29 0.42 0.48 0.51 1.02 0.56 0.36 0.21 0.24 0.58
(of which quality) −0.09 0.14 0.05 0.04 0.09 0.14 0.14 0.16 0.29 0.14 0.07 0.03 0.07 0.15

Non-IT capital 1.95 2.19 2.63 1.94 1.63 1.41 1.50 0.93 1.38 1.22 0.68 0.48 1.87 1.00
(of which quality) 0.59 0.26 0.42 0.51 0.35 0.35 0.53 0.24 0.49 0.53 0.12 −0.02 0.42 0.32

Labor input 0.31 0.92 0.67 0.37 1.38 0.86 1.11 0.65 1.12 0.15 −0.01 1.04 0.76 0.59
(of which quality) 0.28 0.24 0.02 0.20 0.21 0.22 0.13 0.21 0.14 0.20 0.27 0.28 0.19 0.21

TFP 0.20 1.55 0.28 0.27 0.01 0.60 0.41 0.38 0.89 0.86 −0.07 0.39 0.46 0.53
Agriculture 0.12 0.04 0.03 0.02 −0.05 0.24 0.05 −0.01 0.07 0.02 0.00 −0.08 0.06 0.01
IT-manufacturing −0.03 0.09 0.07 0.14 0.20 0.21 0.20 0.28 0.52 0.19 0.15 0.03 0.13 0.26
Motor vehicle −0.04 0.12 −0.07 0.01 −0.03 0.05 −0.03 0.05 0.01 0.05 0.01 0.06 0.00 0.03
Other manufacturing −0.14 0.60 0.15 −0.10 −0.01 0.26 0.16 0.04 0.03 0.14 −0.08 −0.08 0.12 0.02
Communications 0.00 0.05 0.02 0.04 0.14 −0.02 0.04 0.00 −0.02 0.11 0.01 −0.02 0.04 0.03
Trade 0.13 0.23 0.14 0.38 −0.08 0.34 0.15 0.21 0.48 0.21 −0.12 −0.07 0.19 0.16
Finance and insurance 0.00 −0.05 −0.09 −0.06 0.12 −0.17 −0.03 −0.02 0.12 0.08 −0.04 −0.01 −0.04 0.03
Other services 0.16 0.48 0.03 −0.15 −0.27 −0.31 −0.12 −0.17 −0.31 0.05 0.01 0.56 −0.04 −0.02

Note: All figures are average annual growth rates (%). Value added is aggregated from industry GDPs evaluated at basic prices.
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converting capital stocks to capital inputs. This decrease is due to the
fall in Japan’s ex-post rate of return. Japanese capital quality, relative
to the US, was 54.1% in 1955. This rose to 85.5% by 1995, but
declined to 70.1% of the US level in 2012.

Table 13.2 provides volume level indices for labor and capital pro-
ductivity, defined as output per hour worked and output per unit of
capital stock, respectively. Labor productivity in Japan was only
14.7% of the US level in 1955. The labor productivity gap closed
rapidly until 1995, when Japanese labor productivity reached almost
70% of the US level. The trends in labor and capital productivity reflect
relative factor supplies in the two economies. Japan has had
a substantially higher labor/capital ratio than the US throughout the
period. This is consistent with the low capital/labor PPPs presented in
Table 13.1.

The sources of the Japan–US gap in labor productivity are shown in
Figure 13.4. In 1955 lower capital deepening in Japan explained 51.2%
of the Japan–US labor productivity gap, while lower Japanese TFP and
lower quality of labor input explained 34.6% and 14.2%, respectively.
In 2012 lower TFP explains 36.9% of the labor productivity gap, while
capital deepening accounts for 52.0%. Figure 13.5 presents the sources
of the Japan–US gap in capital productivity. Over the whole observa-
tion period, the gap in capital productivity was relatively small, with
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Figure 13.4 Sources of Japan–US gap in labor productivity level index
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capital deepening mostly counterbalanced by the gaps in TFP and
capital quality.

13.3.3 Industry origins of Japan–US productivity gap

Figure 13.6 presents Japan–US gaps in TFP in manufacturing and non-
manufacturing sectors for the period 1955–2012. In 1955 both gaps
were very large. The TFP gap for manufacturing disappeared by 1980
and the overall TFP gap reflected the lower TFP in non-manufacturing.13

Japanese manufacturing productivity relative to the US peaked at 103.8
in 1991 and deteriorated afterward, leaving a current gap that is almost
negligible. The gap for non-manufacturing also contracted from 1955 to
1991, when the gap reached 8.9%, but expanded until the end of the
period in 2012.

Figure 13.7 presents industry-level TFP gap for Japan and the US in
2005 in the first panel and the contributions of each industry to the
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Figure 13.5 Sources of Japan–US gap in capital productivity level index

13 Cameron (2005) analyzes the convergence of Japan’s manufacturing
productivity to the US level and estimates the difference in TFP between Japan
and the US in 1989 as 91.3. Our estimate is 102.2 in the same year. The main
source the difference is that he used the PPP estimates from Jorgenson and
Nomura (2007). Our new estimates are considerably revised upward relative to
Jorgenson and Nomura (2007).
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overall TFP gap for the two countries in the second panel. Industries
are ordered by their contributions to the TFP gap. The contribution of
each industry to the aggregate TFP gap uses Domar weights from
equation (13) of the Appendix. Note that TFP gaps for public admin-
istration and household sectors are zero by definition, since the out-
puts of these industries consist entirely of total inputs.

In 2005, Japanese TFP exceeded that in the US for twelve of thirty-six
industries included in our study, led by medical care. This industry
made a contribution to Japanese TFP, relative to the US, of 4.1 percen-
tage points. This reflects the higher output price of medical care services
in the US, as shown in Figure 13.2. Other domestically oriented indus-
tries, such as wholesale and retail trade, other services, finance and
insurance, construction, electricity and gas, and real estate, have much
lower productivity levels than their US counterparts andmade negative
contributions to the overall TFP gap totaling 16.7 percentage points in
2005.

The agriculture, forestry, and fishery industry has a TFP level that is
only a little more than half the level of its US counterpart. Not all of this
gap can be traced to differences in the scale of agricultural enterprises
or differences in the fertility of land in the two countries. One of the
targets for the growth strategy proposed by the Abe Administration is
to reform Japanese agricultural cooperatives. These organizations
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Figure 13.6 TFP gaps in manufacturing and non-manufacturing, 1955–2012
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contribute substantially to the higher costs of Japanese agricultural
products. In addition, the productivity differences can be traced to
the fact that workers over 65 years of age make up 48.6% of the
agricultural labor force, compared with 6.1% of the non-agricultural
labor force in 2005, based on our labor data.

Manufacturing sectors that produce industrial materials, such as pri-
mary metal, paper and pulp, chemical products, stone, clay, and glass,
and textiles, have levels of TFP similar to their US counterparts. Since the
1970s, these industries have been concentrating their resources to higher
value added products that require more advanced technologies. Motor
vehicles and other electrical machinery had higher levels of TFP than
their US counterparts in 2005. We conclude that Japan’s highly
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Figure 13.7 Industry origins of TFP gap, 2005
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competitive manufacturing industries should be able to find new oppor-
tunities in both international and domestic markets under the exchange
rate policies of the Bank of Japan. Efforts to improve Japanese produc-
tivity should focus on industries in trade and services that are protected
from international competition. Agriculture, forestry, and fishery is
a special case that will require structural reform, followed by opening
to trade.

A depreciation of Japanese yen would enable Japanese producers to
decrease the prices of Japan’s products in US dollars. However, costs of
intermediate inputsmay increase directly or indirectly, due to increases in
the costs of imports in Japanese yen. Figure 13.8 presents the hypothetical
exchange rates required for Japan–US parity in TFP levels and output
prices for tradable goods in 2005. The TFP parity exchange rate is
measured as the rate that would close the Japan–USTFP gap, considering
changes in the prices of output and intermediate inputs by industry.14
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Figure 13.8 Exchange rates to parity of TFP and output prices, 2005

14 In this calculation, we use the Japan–US bilateral trade structure described in the
2005 Japan–US IOT and apply the Leontief-type price model to estimate the
direct and indirect increases of the intermediate costs by the change in the
exchange rate. We assume the Japan–US exchange rate affects all of Japan’s
imports from the US and the imports from the rest of the world.
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Similarly, the output price parity exchange rate is measured as the rate
that would equalize prices of gross output.

For example, the TFP advantage of Japan’s motor vehicle industry in
2005, 16% in Figure 13.7, would be eliminated at an exchange rate of
93 yen per dollar. The Japanese output price advantage would be
eliminated at an exchange rate of 77 yen per dollar. This is almost
equal to the exchange rate of 79.8 yen per dollar in 2012, before the
change in exchange rate policy by the Bank of Japan. For the primary
metal industry the TFP advantage and price competitiveness would
disappear at 88 and 85 yen per dollar, respectively. On the other
hand, Japan’s agriculture, forestry, and fishery and foods industries,
which have substantially lower TFP and output price competitiveness,
would be equivalent to their US counterparts only at yen to dollar ratios
of 200 and 167 yen, respectively.

Figure 13.9 represents long-term trends in TFP levels in Japan and
the US for twelve industries that are particularly important in account-
ing for the productivity differences between the two countries.
Productivity levels in each industry are normalized to the
US productivity level in 1955. In 1955 the TFP level in Japan’s agri-
culture, forestry, and fishery industry was only slightly below that of
the US, but the TFP gap widened dramatically after 1973, reflecting
differences in the scale of individual production units, as well as mas-
sive public investments in new agricultural technology in the US.
Construction showed declining productivity trends in both economies.
We find an acceleration of the decline in Japan after the collapse of the
“bubble economy” in Japan at the beginning of the 1990s, but pro-
ductivity growth has recently recovered in both countries.

The US started with an early lead in chemical products but the
Japanese industry achieved parity by the end of the 1980s. Relative
productivity levels have been very similar over the following two
decades with Japan emerging with a slight lead in 2005. Computer
and electronic products is the IT-producing sector. The Japanese indus-
try led its US counterpart until the US IT investment boom of the late
1990s. The US rate of productivity growth in US industry accelerated
sharply and the US lead in productivity expanded considerably until the
deceleration of US productivity growth in the early 2000s.15 In other

15 The acceleration in US productivity growth in IT production and subsequent
deceleration is discussed by Jorgenson, Ho, and Samuels (2015).
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electrical machinery the US started with an early lead but the Japanese
industry achieved parity in the early 2000s.

The Japanesemotor vehicles industry has led its US counterpart since
the early 1970s. Although the TFP gap has been fairly constant since
the 1980s, the growth of TFP in the US industry has revived dramati-
cally after the financial and economic crisis of 2007–2009. The
Japanese communications industry first achieved parity with the
US industry in the mid-1990s, but established a sizable lead beginning
in the early 2000s, when a policy of competition was implemented in
Japan’s communications market. This lead disappeared in the late
2000s, due to a decline of TFP in Japan and an improvement in
US industry, but the Japanese lead has expanded again in the early
2010s.

Wholesale and retail trade has contributed to the relatively higher
TFP in the US since 1955. The TFP gap has widened dramatically
since the end of the 1990s, due to a slump in TFP growth in Japan
and an acceleration of TFP growth in the US. One possible explana-
tion of the difference in TFP growth could be differences in the
effectiveness of using IT between the two countries. In medical care
the TFP levels were almost the same between Japan and the US in the
1950s and 1960s. Since the mid-1970s the TFP gap has widened
substantially, mainly due to a steady decline in TFP in US industry
and a stable TFP level in Japan. A gap of more than 50% has opened
up since the end of 1990s. Other services has undergone a steady
decline in TFP in both economies, but the US lead is gradually
diminishing.

13.4 Conclusions

In this chapter we have analyzed the Trans-Pacific competition between
Japan and the US over more than half a century. This has been feasible
due to the high quality of economic statistics in both countries, the
result of decades of effort by many economic statisticians. Price level
indices enable us to summarize international competitiveness of
Japanese and US industries at different points of time very succinctly.
These indices incorporate purchasing power parities between the two
countries as well as themarket exchange rate of the Japanese yen versus
the US dollar.
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Variations in the yen–dollar exchange rate have resulted in substan-
tial fluctuations in international competitiveness between Japan and
the US over the period 1955–2012. During the first half of this period,
endingwith the Plaza Accord of 1985, the yenwas undervalued relative
to the dollar and many Japanese industries involved in international
markets became competitive with their US counterparts. This provided
an opportunity for Japan to grow rapidly through mobilization of its
high quality labor force, high rates of capital formation, and improve-
ments in productivity.

Although the period of double-digit growth in Japan ended with the
first oil shock of 1973, the Japanese economy continued to grow more
rapidly than the US until the collapse of the “bubble economy” in Japan
in the early 1990s. The overvaluation of the yen relative to the dollar
after the Plaza Accord reached a peak in 1995 and led to a drastic
decline in the international competitiveness of Japanese industries. This
precipitated a decline in Japanese exports and a slowdown in economic
growth. The slowdown began as a Lost Decade and has now stretched
into more than two decades, marked by a much lower rate of capital
formation, much slower growth in labor input, and the disappearance
of productivity growth.

Price level indices for Japan and the US have real counterparts in the
productivity gaps between the two countries. In 1955, almost immedi-
ately after Japan recovered sovereignty in 1952, the productivity gap
between Japan and US was more than 50%. This gap closed gradually
for more than three decades and Japan nearly achieved parity with the
US in 1991. Over the following two decades productivity growth in
Japan languished, while US productivity growth slightly accelerated.
The Japan–US productivity gap reversed course and has now reached
levels that prevailed during the early 1980s.

A major contribution of this chapter is to trace the Japan–US pro-
ductivity gap to its sources at the level of individual industries.
Productivity gaps for Japanese and US manufacturing industries, espe-
cially those involved in materials processing rather than assembly, are
relatively small. The Japanese motor vehicles industry has had a higher
level of productivity than its US counterpart since the 1970s, but the
productivity gap has almost closed after the drastic reorganization of
US industry in the aftermath of the US financial and economic crisis of
2007–2009.
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Two industries stand out as opportunities for improvements in
productivity. Medical care in Japan has had a stable level of produc-
tivity since the mid-1970s, while the medical care industry in the
US has had consistently declining productivity. No doubt substantial
improvements are possible in the measurement of outputs in the
Japanese and US medical care industries. However, our conclusion
about declining US productivity is unlikely to be affected.
Resumption in productivity growth in medical care in the
US appears to be feasible and would help to relieve much of the
budgetary pressure from rapidly growing cost of health care benefits
at every level of the US government.

The Japanese agriculture, forestry, and fishery industry has had very
little productivity growth since themid-1970s, while its US counterpart
has achieved consistent and relatively high rates of productivity
growth. This industry has been targeted by the Abe Administration as
a potential opportunity for rapid productivity growth in Japan. This
will require major institutional reform, beginning with the Japanese
system of agricultural co-operatives. These co-operatives have added
enormously to the costs of agricultural production and distribution in
Japan and have undermined growth in Japanese standards of living.
A reformed agricultural industry could participate in international
trade under the Trans-Pacific Partnership agreement now under nego-
tiation between Japan, the US, and ten other countries of the Asia-
Pacific region.

The final opportunity for Japan is the six industries that are largely
insulated from international competition – real estate, electricity and
gas, construction, other services, finance and insurance, and wholesale
and retail trade. These industries are largely insulated from domestic
competition through government regulation of pricing and entry.
The Abe Administration has already directed attention to the electric
and gas utilities. Large opportunities remain to improve productivity
by removing the barriers to entry in the remaining five industries and
eliminating regulations to limit price competition.

We conclude that a half century of Trans-Pacific competition has
produced enormous benefits for Japan and the US. However, the two
Lost Decades in Japan and the financial and economic crisis that began
in the United States in 2007–2009 have created important new oppor-
tunities. The successful creation of a Trans-Pacific Partnership through
co-operation in international trade and investment will be an
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important step, creating new benefits to both countries through
enhanced competition. This can be combined with the domestic
reforms we have outlined, providing a growth strategy for Japan that
will end the Lost Decades that began almost a quarter of a century ago.

13.A Appendix

13.A.1 Elementary level price level indices

We begin with definitions of value, price, and volume for output
Y and capital (K), labor (L), energy (E), materials (M), and services
(S) inputs at the elementary level. The nominal value Vθijtc of industry
j in country c (Japan and the US) is defined as follows:

Vθijtc ¼ PθijtcXθijtc; ð1Þ

where Pθijtc is the constant-quality price index and Xθijtc is the volume
evaluated in each national currency unit. The suffix i represents a
subscript for the elementary components in each category θ (output and
KLEMS inputs). For example, the subscript i stands for the elementary
level labor input, cross-classified by gender, education, and age. Although
the components are different for each θ, we use the same subscript for
simplicity.16 The elementary components i are identical in Japan and the
US for our comparisons of the two economies.

For level comparisons we set the unit price PθijTc in the base year T as
the unit price in each national currency unit. For example, if the US is
the base economy and a “dollar’s worth” is the volume unit, the price
in the US is one dollar and the price in Japan is the price of the same
volume in yen, say, 150 yen. This volume provides the physical unit for
each component of i for both economies.

The time series of Pθijtc in equation (1) is set to PθijTc in the base year
T.We define the purchasing power parity in the base year as the ratio of
PθijTc between Japan and the US,

PPPθijT ¼ PθijTJ=PθijTU; ð2Þ

16 As described in Section 13.2, the number of elementary components defined for
Japan and the US is 33 types of assets for capital inputs (K), 1,680 types of labor
for labor inputs (L), 173 products for output (Y), and 174 products for
intermediate inputs of energy (E), materials (M), and services (S).
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as the purchasing power parity (PPP) at the elementary level. The PPP
can be interpreted as the relative cost of purchasing a dollar’s worth in
each economy.

We define the Japan–US price level index (PLI) as the ratio of the PPP
to the market exchange rate of the yen to the dollar. In the base year T,

PLIθijT ¼ PPPθijT=eT ; ð3Þ

where eT is the exchange rate in year T. If the exchange rate is 100 yen
per dollar and the PPP is 150 yen per dollar, the price level index
between Japan and the US is 1.5. While the PPP is independent of the
exchange rate, the price level index depends on it. In our example, the
price in Japan is higher than the price in the US.

The volumemeasureXθijtc defined asVθijtc /Pθijtc, provides comparable
measures of the quantities purchased in Japan and the US. Thus the
Japan–US volume level index (VLI) can be defined as:

VLIθijt ¼ XθijtJ=XθijtU: ð4Þ

The volume level indices are independent of the exchange rate.

13.A.2 Industry level aggregation

To estimate comparable measures between the two economies at the
industry level, we define the industry-level PPP in each category θ as of
the base year T as a translog index of the elementary-level PPPs:

ln PPPθjT ¼ ΣiwθijT ln PPPθijT ; ð5Þ

where the weights wθijT are the two-country average shares of the
elementary components in the current value for each category.

We define the value Vθjtc in industry j as the sum of the values of
elementary components in each category and decompose the industry-
level price and volume in two ways:

Vθjtc ¼ Σ iPθijtcXθijtc ¼ PθjtcXθjtc ¼ P$
θjtcX

$
θjtc ð6Þ

where X*
θjtc is a simple sum of the volumes of elementary components

(Σi Xθijtc) and Xθjtc is defined as the industry-level translog index of
these volumes:

Dln Xθjtc ¼ ΣivθijtcDln Xθijtc; ð7Þ

where the weights vθijtc are the two-period average shares of the
elementary components in the current value in each economy.
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The two volume measures as of the base year in Japan are rescaled
using the industry-level PPPs in equation (5),

XθjTJ ¼ X$
θjTJ ¼ VθjTJ=PPPθjT; ð8Þ

to be comparable between Japan and the US. The corresponding prices
PθjtJ and P*θjtJ in equation (6) are defined as the implicit price indices by
Vθjtc/Xθjtc and Vθjtc/X

*
θjtc, respectively (PθjTJ =P*θjTJ = PPPθjT in the

base year T).
The translog volume measure Xθjtc captures the changes in the

components with different marginal products in each category. For
example, the substitution towards assets with relatively high service
prices and high marginal products, for example, information
technology equipment, is reflected as the growth of translog volume
measure of capital, not in the simple sum volume measure X*

θjtc.
We define the quality indices of the volume and price in each
category θ as:

Qθjtc ¼ Xθjtc= X$
θjtc ¼ P$

θjtc= Pθjtc: ð9Þ

The time-series PPPs and PLIs for each category are measured by
industry, using the implicit translog price index,

PPPθjt ¼ PθjtJ= PθjtU and PLIθjt ¼ PPPθjt=et: ð10Þ

The two volume level indices and the quality level indices (QLI) are
defined as,

VLIθjt ¼ XθjtJ=XθjtU;VLI$θjt ¼ X$
θjtJ=X

$
θjtU; and

QLIθjt ¼ QθjtJ=QθjtU; ð11Þ

where VLIθjt = VLI*θjt QLIθjt.
For example, the volume level index of capital input can be decomposed

to the volume level index of capital stock, VLI*θjt, and the quality level
index of capital, QLIθjt. The relative measure of values at the US prices
between Japan and the US, using the exchange rates, are decomposed to
the price level index PLIθjt, and the volume level index VLIθjt.

13.A.3 Productivity level indices

Under the assumptions of constant returns to scale and competitive
markets in both economies, the productivity gap between Japan and
the US is defined as a translog index:
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ln TLIjt ¼ ln VLIYjt % Σθwθjtln VLIθjt
! "

¼ Σθwθjtln PLIθjt– ln PLIYjt
! "

; ð12Þ

where θ includes the intermediate inputs and factor services. The
weights wθjt are the average, two-country shares of these inputs in the
values of output, which are equal to the values of all inputs.
The measures of the industry-level productivity gaps from the price
and volume data are identical by definition. We define the aggregate
TFP gap between Japan and the US as the Domar-weighted average of
the industry-level productivity gaps:

ln TLIt ¼ Σjdjtln TLIjt; ð13Þ

where djt weights are the average, two-country shares of the Domar
weights.

The Domar weights multiply industry productivity growth by the
share of industry value added in GDP and divide by the share of
industry value added in industry output. These weights capture the
relative importance of the industry in GDP and the relative importance
of value added in the industry’s output. equation (13) provides the
framework for quantifying the industry origins of the productivity gap
between Japan and the US.

Finally, the productivity gaps involve prices and quantities of capital
inputs. The price of capital input PKijtc from asset i in industry j in
country c is defined as:

PKijtc ¼ φijcPAijtc; ð14Þ

where PAijtc represents the unit price for acquisition of a dollar’s worth
of assets and the coefficient φijc is the annualization factor that
transforms the acquisition price into the price of capital services.
The annualization factors are constant over time periods.

The elementary level PPP for capital input as of the base year T is
defined as:

PPPKijT ¼ φijJ=φijU
# $

PPPAijT : ð15Þ

The key to measuring the PPP for capital input is the relative value of
the annualization factor φijJ /φijU and the PPP for the acquisition of assets
PPPAijT. The acquisition price is measured as the purchaser’s price PPP
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for composite goods sold to industry, as described in Section 13.2.2.
The elementary level PPPs for capital input are aggregated to the
industry-level by the translog index in equation (5).
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14 Searching for convergence
and its causes – an industry
perspective
robert inklaar

14.1 Introduction

While the recent work of Piketty (2014) and others has drawn great
attention to rising inequality of income levels and wealth within many
countries, the rapid growth of emerging economies, such as China and
India, has led to a decline in global interpersonal income inequality
(Milanovic 2013).1 Even by the exacting standard of Pritchett (1997) –
the ratio of gross domestic product (GDP) per capita in the United
States relative to the country with the lowest level of GDP per capita –

the Great Divergence that had been ongoing since 1870 seems to have
ended around the year 2000. This change in the evolution of world
income distribution calls for an explanation. One area of the literature
has focused on the role of industry productivity in shaping cross-
country income differences, the importance of structural change for
aggregate outcomes, and identifying drivers of industry productivity
growth and whether these have a different impact depending on the
level of technological sophistication.2

The contribution of this chapter is to provide a more comprehensive
analysis of the industry sources of aggregate convergence. The current
literature in this area gives a comprehensive coverage of industries, but
only for OECD countries. This begs the question whether rich-country
results are applicable to emerging economies as well. Alternatively,
studies covers a wide range of countries but only for a specific sector

1 The author would like to thank Dale Jorgenson for his helpful comments.
2 See e.g. Restuccia, Yang, and Zhu (2008), Vollrath (2009), Herrendorf and
Valentinyi (2012), Lagakos and Waugh (2013) and Gollin, Lagakos, and Waugh
(2014) on industry productivity differences; on structural change, see e.g.
Duarte and Restuccia (2010), McMillan and Rodrik (2011) and Herrendorf,
Rogerson, and Valentinyi (2014) and on the moderating role of technological
sophistication, see the survey of Aghion, Akcigit, and Howitt (2014).
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of the economy, such as agriculture or manufacturing.3 This begs the
question whether a specific sector truly plays an exceptional role in
explaining cross-country differences in economic performance. These
shortcomings are remedied in this chapter by covering forty economies
at a wide range of development levels and thirty industries making up
the entire (market) economy.4

In the analysis in this chapter, I will first determine the importance
of specific sectors and the role of structural change in accounting for
the observed convergence of aggregate productivity. Second, I look
at a range of variables that have been suggested to influence produc-
tivity growth and (in some cases) to do so differently depending on the
industry’s distance to the technology frontier. The variables consid-
ered are human capital, research and development, (high-tech)
imports, foreign direct investment (FDI) and competition.5 If
a particular variable has a larger positive effect on productivity
growth in industries that are more distant from the technology fron-
tier, it may help explain convergence.

To estimate relative productivity levels, I estimate prices of industry
output and inputs. The data used are comparable to those used in the
most recent version of the PennWorld Table (see Feenstra, Inklaar and
Timmer, 2015), drawing on detailed surveys of final consumption and
investment prices and estimates of relative export and import prices by
Feenstra and Romalis (2014).6 Information on the input–output struc-
ture and prices of labor and capital are based on the World
Input–Output Database (WIOD; Timmer 2012).

3 See e.g. Bernard and Jones (1996), Inklaar and Timmer (2009) and van
Biesebroeck (2009) on industry-level convergence across OECD countries. See
e.g. Restuccia, Yang and Zhu (2008), Vollrath (2009), and Gollin, Lagakos and
Waugh (2014) on the role of agricultural productivity, and see Rodrik (2013) on
manufacturing.

4 Excluded are industries for which the relative output level cannot be
determined separately from relative input levels, namely government, health,
education, and real estate.

5 On human capital, see Vandenbussche, Aghion, and Meghir (2006) and Ang,
Madsen, and Islam (2011); on research and development, see Griffith, Redding
and van Reenen (2004); on imports see Cameron, Proudman, and Redding
(2005) and Keller (2004); on FDI, see Alfaro, Chanda, Kalemli-Ozcan, and
Sayek (2010), Bloom, Sadun and van Reenen (2012), and Cipollina,
Giovannetti, Pietrovito and Pozzolo (2012); and on competition, see Griffith,
Harrison, and Simpson (2010).

6 See e.g. World Bank (2008).
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The resulting productivity estimates show that economy-wide pro-
ductivity levels have moved substantially closer together between 1995
and 2011, helped by rapid productivity growth in countries like China,
India, Russia, and former Communist countries in Central and Eastern
Europe. Of the major sectors of the economy, only productivity levels
in manufacturing have moved substantially closer together while in
agriculture, services, and other goods production the dispersion of
productivity levels has changed only little. Agriculture did contribute
more substantially to aggregate convergence by shrinking in size, with
its average share in value added almost halving over the period and
declining most strongly in countries with low levels of agricultural
productivity. This points to the importance of agriculture’s low pro-
ductivity and high employment share in explaining cross-country
income differences.7 Overall, structural change has contributed about
one-fifth of total convergence.

To analyze potential drivers of observed industry convergence,
I construct multi-factor productivity growth rates using data from
the Socio-Economic Accounts (SEA) of WIOD. These are KLEMS-
type productivity growth rates, except that the changing composition
of the capital stock is not taken into account. In regression analysis
including a range of productivity-influencing variables, I show that
higher spending on R&D, more imports of high-tech intermediate
inputs, and more inward foreign direct investment (FDI) are asso-
ciated with faster productivity growth. However, none of these (or
any other) effects vary systematically with proximity to the technolo-
gical frontier. These results are robust to measurement error in indus-
try productivity levels and robust across major sectors of the
economy. So while we observe that industry productivity is conver-
ging across countries, we do not have a clear understanding why
convergence is taking place and why in some industries and countries
and not in others.

It should be noted that the broad country coverage of the analysis in
this chapter comes at clear cost in terms of measurement quality. First,
the comparison of industry output prices cannot be of as high a quality
as in Jorgenson, Nomura, and Samuels (Chapter 13, this volume), who
rely on more extensive and more price comparisons. More in general,

7 As emphasized in Caselli (2005), Restuccia et al. (2008), Herrendorf et al. (2014),
Lagakos and Waugh (2013), and Gollin et al. (2014).
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the data required to compare prices across countries is much less
extensive than for comparing prices over time, while at the same time
cross-country price differences tend to be much larger. Second, unlike
in the standard KLEMS methodology, information about the asset
composition of industry capital inputs could not be taken into account.
As discussed in OECD (2009), this is a crucial element in measuring
productive capital inputs. Taken together, this implies that the result-
ing estimates of, in particular, comparative productivity levels should
be considered as experimental, rather than definitive. The methodolo-
gical issues mentioned here will be discussed in more detail in the next
section. In discussing the results and drawing conclusions, I will argue
that the measurement shortcomings likely lead me to overestimate the
degree of productivity convergence, while the regression-based analysis
is likely to mostly unaffected.

In the remainder of this chapter, I will first lay out the methodology
for measuring industry productivity levels and growth, followed by
a description of the data and the results from the analysis. Following
the results, I discuss where evidence on the sources of industry conver-
gence might be found and some conclusions.

14.2 Methodology

The crucial input for the analysis of convergence is a set of industry
productivity level estimates, so this section is mostly devoted to detailing
the estimation of industry and aggregate productivity. A more detailed
exposition of the underlying production theory is given in Inklaar and
Diewert (2015). For comparing industry productivity across countries
and time, consider an industry production function with outcomes for
country c at time t (omitting industry subscripts for simplicity):

Yct ¼ F Xcjt;Act

! "
; ð1Þ

where industry output Y is produced using inputs Xj; j2 J and produc-
tivity levelA. The production function is assumed to be identical across
countries, but following Caves et al. (CCD, 1982a) I assume a translog
form to allow for a substantial degree of flexibility. Assuming
perfect competition in factor and output markets and constant returns
to scale, CCD show that relative productivity across countries can be
computed as:
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ln Actð Þ$ ln Að Þ¼ ln Yctð Þ$ ln Yð Þ$ 1

2

XJ

j¼1

vjct$ vj
! "

½ln Xjct

! "
$ ln Xj

! "
&;

ð2Þ

where an upper bar indicates the arithmetic mean over the set of
countries and years and vjct is the share in total costs of input j in
country c at time t. Note that this definition of relative productivity
levels is specifically tailored to a multi-country setting where an impor-
tant aim is that the comparison should be transitive, i.e. Ac

Ak
¼ Ac

Am

Am
Ak

for any set of countries c, m and k. Following CCD, this is achieved by
comparing every country to a (hypothetical) average country.
Furthermore, to enable a comparison of productivity levels across coun-
tries and at different points in time, the average of output levels, input
levels and cost shares is computed over the countries and year.
The approach of comparing a relative output to a relative input level is
relevant more generally and is implemented also in Jorgenson et al.
(Chapter 13, this volume). Their comparison is bilateral, between Japan
and the US, which allows them to achieve a level of industry and input
detail that cannot be achieved in the forty-country setting of this chapter,
but theirs is another example of industry productivity comparisons based
on a translog production function. I will discuss the approach to imple-
menting equation (2) – measuring relative industry output and input
levels – in some more detail before turning to the data and results.

14.2.1 Industry output

Starting from input–output data (more on which below), we know the
value of industry output at national prices but we need relative prices of
industry output to compare the quantity of output across countries:

ln Yctð Þ $ ln Yð Þ ¼ ½ln VY
ct

! "
$ ln VY

! "
& $ ½ln PY

ct

! "
$ ln PY

! "
& ð3Þ

Equation (3) expresses the quantity of output in country c (for a given
industry at a given point in time) as the ratio of the value of output VY

ct

and the relative price PY
ct. This relative price is commonly referred to as

a purchasing power parity (PPP) and it serves the same purpose as
a producer price index for comparing the quantity of output of an
industry over time.
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Ideally, these PPPs would be based on producer price data, but the
lack of dedicated survey data means that alternative approaches have
been followed in the literature. When focused only on manufacturing,
some have opted to use exchange rates to compare output from differ-
ent countries, assuming a relative price of one (e.g. Rodrik 2013).
An argument in favour of this approach is that many manufactured
products are traded and thus more exposed to the pressures of the Law
of One Price (LOP). But this argument is not fully convincing given the
systematic deviations from LOP even for products that are internation-
ally traded (Feenstra and Romalis 2014; Burstein and Gopinath, 2014)
and the very limited trade in some manufactured products, such as
ready-mixed concrete (Syverson, 2008).

The main alternative approach, that can also be applied outside
manufacturing, is to use relative prices collected as part of the
International Comparison Program (ICP). These prices form the basis
of the GDP PPPs disseminated by theWorld Bank (2008, 2014) and are
based on prices of consumption and investment goods and services.
Relative output prices at the industry level are estimated by selecting
and combining the prices of goods that are produced by each, as in
Sørensen and Schjerning (2008), van Biesebroeck (2009), and
Herrendorf and Valentinyi (2012). Given its broad application, it can
be seen as the standard approach, yet it has drawbacks as well. For one,
the prices of goods consumed or invested domestically do not take into
account the prices of exported products while they are influenced by the
prices of imported goods. Furthermore, final consumption and invest-
ment prices are not well-suited for comparing prices of industries that
produce mostly intermediate inputs.

The most thorough recent approach to resolving these challenges is
discussed in Jorgenson et al. (Chapter 13, this volume). They compare
prices and productivity between Japan and the US and their estimates
of relative output prices rely on a variety of sources, including
a dedicated survey of intermediate input prices.8 Most of this informa-
tion is not available for the broader range of countries covered in this
analysis, so I have to rely on ICP prices and relative prices of exports
and imports. This still constitutes an improvement overmost studies on
industry productivity that only use ICP prices, but is some distance
removed from the Jorgenson et al. (Chapter 13, this volume), “gold

8 See Nomura and Miyagawa (2015) for details.
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standard.” The possible empirical implications of this will be discussed
later.

I take the following approach to estimating industry output prices:9

ln PY
ct

! "
$ ln PY

! "
¼ 1

2
rQct þ r Zct þ rQ þ rZ

# $
ln PQ

ct

# $
$ ln PQ

! "# $

þ 1

2
rXct þ rX
! "

ln PX
ct

! "
$ ln PX

! "# $

$ 1

2
r Mct þ rM
! "

ln PM
ct

! "
$ ln PM

! "# $
; ð4Þ

where Q refers to goods for domestic final consumption and invest-
ment, Z refers to goods for domestic intermediate consumption, X to
exports,M to imports, and rk refers to the share of goods category k in
the value of industry output, rkc ¼ Vk

c=V
Y
c . The r

k’s sum to one, satisfy-
ing the equality between the value of products supplied – through
production or imports – and the value of products used – through
(intermediate or final) consumption and investment. Note that only
prices for final consumption and investment are available, necessitating
the assumption that prices of products for intermediate consumption
equal prices for final consumption. Despite this simplifying assump-
tion, equation (4) represents an important step forward by not having
to assume that prices of exported and imported products equal the
prices of final consumption and investment.

14.2.2 Industry inputs

Gross output of an industry is produced using factor inputs – capital
and labor – and intermediate inputs. Following equation (3) for the
relative quantity of output, the value of each input is combined with
estimates of relative input prices. In the case of domestically produced
intermediate inputs, the assumption is made that the relative price of
industry output equals the relative price of an intermediate input from
that industry; for imported intermediate inputs, actual price data is
available. For labor, the available data allow for a distinction between
three types of workers, namely high, medium, and low-skilled,
each with information on their relative wage. The price of capital
input is computed as the relative rental price of capital, PK:

9 Except for the output price of agriculture, for which direct output price data is
available, see the data section for more details.
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ln PK
ct

! "
$ ln PK

! "
¼ rct þ δc $ _P

I

ct

r þ δ$ _P
I

" #

½ln PI
ct

! "
$ ln PI

! "
&; ð5Þ

where rct is the required rate of return on capital in country c, δc is the
average depreciation rate, PI

ct is the price of investment goods and a dot
indicates a percentage change from one year to the next. The first term
on the right-hand-side of equation (5) is the relative user cost of capital.

Ideally, equation (5) would be applied to individual capital assets and
the resulting relative rental prices would be aggregated to an overall
capital input PPP using capital compensation shares. This would be the
cross-country counterpart of the capital services methodology as outlined
in, for example, OECD (2009) and as applied for the Japan–US compar-
ison by Jorgenson et al. (Chapter 13, this volume). This is, alas, an area
where data limitations lead to a serious methodological shortcoming.
While data on capital stocks and compensation by asset and industry is
available for a growing number of countries, data availability is still
limited and would not allow for a full coverage of countries.
The possible implications of this methodological shortcoming will be
discussed later.Given the lack of data on the asset composition of industry
capital input for all countries, we use country-level average depreciation
rates in equation (5).

14.2.3 Aggregation

With measures of relative industry output and relative industry input,
industry productivity can be computed based on equation (2), which
results in productivity levels on a gross output basis. These industry
productivity differences have a magnified impact on the economy-wide
productivity since part of the industry’s output is used by other industries
as intermediate inputs. Formally, Hulten (1978) showed that aggregate
productivity (for the economy as a whole or for broad sectors) across
N industries can be computed using Domar (1961) weights w:10

ln Actð Þ $ ln Að Þ ¼
XN

i¼1

1

2
wict þ wið Þ ln Aicð Þ $ ln Aið Þ

# $
; ð6Þ

10 The analysis in Domar (1961) and Hulten (1978) refers to comparisons of
productivity over time; equation (7) adapts this to a cross-country setting.
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where wic ¼ VY
ic=
X

i
VVA

ic or the value of gross output in industry
i divided by the sum of value added (gross output minus intermediate
inputs) across all N industries.

14.2.4 Productivity growth

To measure productivity growth based on a translog production func-
tion (Diewert 1976; Caves et al. 1982b), the change in productivity
from t–1 to t (in a specific industry in country c) is measured as:

ln Atð Þ $ ln At$1ð Þ ¼ Ytð Þ $ ln Yt$1ð Þ

$ 1

2

XJ

j¼1

vjt $ vjt$1

! "
½ln Xjt

! "
$ ln Xjt$1

! "
& ð7Þ

This methodology is comparatively straightforward as the required
data on changes in volumes of gross output, intermediate inputs,
labor of different skill types, and capital are (more) readily available
from country national accounts or other sources.

14.3 Data

The approach to estimating industry productivity levels discussed in the
previous section requires data on the input–output structure of each
country over time and data on relative prices that can be used to infer
industry output and input relative prices. For information on country
input–output structures, I make use of the World Input-Output
Database (WIOD). This is a source of harmonized input–output tables,
covering thirty-five industries and forty countries for the period
1995–2011. Together, these countries represent two-thirds of the
world population and over 80 percent of world GDP and span much
of the development spectrum, from India to the US.

The construction and features of theWIOD are described in detail in
Timmer (2012) and the database is also used in Timmer, Los and de
Vries (Chapter 15, this volume) to analyze the development of global
value chains (GVC) on competitiveness and the labor market. The
WIOD is constructed based on national supply and use tables (SUTs),
combined with time series data from country national accounts to
ensure consistency with trends in industry output and overall economic
activity. Importantly for GVC analysis, the SUTs are combined with
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data on trade in goods and services. This way, it is possible to distin-
guish the composition of intermediate inputs not only in terms ofwhat
products are used, but also where these products are produced and, in
many cases, imported from. For the purposes of this chapter, though,
this level of detail is not necessary as only a distinction between domes-
tically produced and imported intermediate inputs (from any country)
is needed. Still, the fact that much effort has gone into harmonizing the
industrial classifications across countries makes the WIOD ideally
suited for this type of cross-country analysis.

However, a crucial difference with, for example, Timmer et al.
(Chapter 15, this volume) is that the input–output data from WIOD
is not sufficient for the analysis in this chapter as these only provide cost
shares – the vjc from equation (2) – and nominal output values – VY

c

from equation (3). We additionally need information on relative prices
to allow for comparisons of output and input quantities and thus
relative productivity estimates. In part, these are drawn from the Socio-
Economic Accounts (SEA) ofWIOD. These provide information on the
labor compensation and number of hours worked by workers that are
high-skilled, medium-skilled and low-skilled (based on their level of
education) as well as on capital stocks.11

For computing prices of industry output (and hence domestically
produced intermediate inputs), relative prices for consumption and
investment and relative prices for exports and imports are used (cf.
equation (4)). Consumption and investment prices are from the
International Comparison Program (ICP), run by the World Bank,
and we use the three surveys covering a global sample of countries
that were done in the 1995–2011 period, namely for 1996, 2005, and
2011.12 We use the most detailed publicly available data from each of
these years and map consumption and investment categories to indus-
tries. Aggregating across expenditure categories is done using the CCD
index. ICP prices are based on surveys of purchaser prices rather than
producer prices, which means that differences in product taxes and

11 Capital compensation is determined as value added minus labor compensation.
Aggregate compensation and employment data from Penn World Table (PWT)
is used to extrapolate data from the final year covered in the Socio-Economic
Accounts 2009 to 2011 (Timmer et al. 2015); note that this extrapolation is only
used to update cost shares, not for estimating industry productivity growth.

12 See World Bank (2008) for the description of the 2005 survey and results and
World Bank (2014) for the 2011 results.
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distribution margins would lead to a bias in industry output prices.
I therefore use tax and margin data from WIOD to adjust the ICP
prices.13 For years not covered by ICP survey data, we use industry
deflators to interpolate (for, say, 2007) or extrapolate (e.g. 1995)
relative prices, as in Feenstra et al. (2015).

For three of the services industries – government, health, and
education – the ICP prices do not reflect the prices paid by purchasers
of theses services, since public provision or funding makes output
prices hard or even impossible to observe. Instead, ICP aims to mea-
sure input prices, see Heston (2013). In our framework, this implies
equal productivity levels across countries since relative ‘output’ prices
equal relative input prices. These industries are therefore excluded
when analyzing productivity differences over time. Similarly, the real
estate industry is excluded as (for the most part) its output is the
imputed rental cost of owner-occupied housing and the ‘private
households with employed persons’ industry is excluded as its domi-
nant (sometimes only) input is labor (as well as incomplete coverage
across countries). The remaining set of thirty industries will be
referred to as the market economy.

Relative prices of exports and imports are from Feenstra and
Romalis (2014), based on quality-adjusted unit values. Quality differ-
ences are inferred using a model of demand and supply of quality as an
attribute of a traded good between two countries. Demand for quality
is deemed high if observed demand is high but prices are not low;
supply of quality is deemed high if supply is high despite high trade
costs. We distinguish between prices of imported intermediates and
imported final goods using the Broad Economic Classification (BEC)
system, aggregating over more detailed products using the CCD index.
Final good import prices are used when estimating industry output
prices (equation (4)) and intermediates import prices are used when
estimating industry intermediate input prices.

In contrast to other industries, there is direct data on producer prices
in agriculture, from the Food and Agricultural Organization (FAO).
These have been widely used in studying productivity in agriculture,
typically based on the relative prices estimated by Rao (1993).14 For

13 See Inklaar and Timmer (2014) for more details on the mapping procedure and
the adjustment for taxes and distribution margins.

14 Studies using these data are e.g. Caselli (2005), Vollrath (2009), and Restuccia
et al. (2008).
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this analysis, I collected prices and production quantities for crops and
livestock directly from FAO and aggregated these to overall agriculture
relative output prices for each year using the CCD index.

The relative price of capital – estimated using equation (5) – requires
data on investment prices, for which ICP prices can be used directly.
The required rate of return is taken as the lending rate, taken from the
InternationalMonetary Fund (IMF) International Financial Statistics; the
depreciation rates are from PWT version 8.0, which provides country-
level average depreciation rates in each year; and the investment price
change is from WIOD. One drawback is that relative investment prices
only cover fixed reproducible assets, so omitting land. This omission can
be particularly relevant for agriculture so I also computed relative pro-
ductivity using the procedure of Vollrath (2009). The results for cross-
country differences in agricultural productivity over time are qualitatively
similar to those presented below.

14.4 Results

14.4.1 Productivity dispersion

To frame the context of the sectoral analysis, Figure 14.1 presents the
trend in market economy productivity dispersion across the set of forty
countries covered in the analysis. As discussed above, the market
economy refers to the aggregate of all industries except government,
health, and education, real estate, and households. Each country’s (log)
productivity level is multiplied by the share of factor inputs to give
greater weight to (e.g.) China and less to (e.g.) Cyprus.15 The figure
shows a substantial and fairly steady decline in the standard deviation,
so that in 2011 it is 26 percent lower than it was in 1995.

Aggregate convergence is also found if weighting is omitted (–9%).
Furthermore, the 26% decline in Figure 14.1 is both economically
substantial and, using the T3 test of Carree and Klomp (1997), statis-
tically significant at the 10% level. Figure 14.1 also shows that the
finding of convergence is a fairly continuous process so the subsequent
comparisonwill be done by comparing the dispersion in 2011 to that in
1995. Aggregate convergence is due in part to rapidly rising productiv-
ity levels in China (increasing from 22% to 34% of the US level) and

15 See Inklaar and Diewert (2015) for a more detailed exposition.
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India (27% to 38%). However, big increases in relative productivity
are also seen in Turkey (35% to 46%) and in Central and Eastern
Europe, where big increases can be seen in countries like Estonia (35%
to 49%) and Poland (42% to 54%).

To analyze the sectoral pattern of convergence and how these con-
tribute to aggregate convergence, I follow a fairly standard split into
major sectors, distinguishing agriculture, manufacturing, market ser-
vices (transport, distribution, communication, hotels and restaurants,
finance, and business services), and other goods (mining, utilities, and
construction). Table 14.1 summarises this analysis and shows that
productivity convergence is almost entirely driven by convergence in
manufacturing, where productivity dispersion fell by 48%. Dispersion
in agriculture and other goods was approximately constant, while
market services shows an increase in dispersion.

Convergence analyses forOECD countries have typically shown that
productivity in services converges more rapidly than manufacturing
productivity; this was the main result of Bernard and Jones (1996) and
van Biesebroeck (2009) has similar findings. In contrast, the study of

.4
5

.5
.5

5
.6

1995 2000 2005 2010

Note: Productivity dispersion is measured as the standard deviation
of log productivity levels, weighted using the share of factor inputs.
Market economy covers all industries except government, health,
education, real estate and households.

Figure 14.1 Market economy productivity dispersion, 1995–2011
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manufacturing productivity for a much broader set of countries by
Rodrik (2013) showed clear evidence of convergence. The results in
Table 14.1 suggest that the convergence of productivity in services in
OECD countries is specific to that group of countries or to the time
period rather than a more general results.16 The sizeable productivity
dispersion in agriculture is consistent with the broader literature (e.g.
Caselli 2005) and the relative lack of convergence in this sector shows
that this large dispersion is a persistent factor.

The bottom part of the table shows that structural change was an
important factor for overall convergence. The line “Market economy at
1995 structure” shows how productivity dispersion would have changed
if the value added shares of the thirty industries in the analysis had
remained at 1995 levels throughout the period in each country. In this
counterfactual case, changes in industry productivity levels would still
have led to convergence butmuch less than actually observed: a reduction
in the standard deviation of 21% rather than 26%. Structural change can
thus be said to account for about one-fifth of aggregate convergence.

The agricultural sector made a positive contribution to overall con-
vergence as the sector’s share of (nominal) market economy value
added decreased from an average of 8.5% in 1995 to 4.7% in 2011
and productivity dispersion in the sector is larger than for the market
economy as a whole throughout the period. The role of the other

Table 14.1 Productivity dispersion by main sectors, 1995 and 2011

1995 2011 % change

Market economy 0.610 0.449 –26 *
Agriculture 0.852 0.827 –3
Manufacturing 1.079 0.565 –48 **
Market services 0.375 0.419 12
Other goods 0.360 0.342 –5
Market economy at 1995 structure 0.624 0.492 –21

Notes: Table reports the standard deviation of log productivity levels, weighted using
country shares in the sample population. *(**) indicates that the indicated change is
significant at the 10(5) percent level according to the T3 test of Carree and Klomp
(1997).

16 See e.g. Inklaar, Timmer, and van Ark (2008) on diverging productivity growth
patterns in market services across Europe and the US after 1995.
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sectors is more mixed: there was a clear shift in economic activity away
from agriculture and manufacturing (27.8% to 22.9%) and towards
market services (50.1% to 57.4%), but the pattern of dispersion in the
beginning and end of the period relative to the market economy makes
the overall impact of each sector harder to gauge.

At this point, is helpful to step back and consider how the methodolo-
gical limitations regarding themeasurement of industry output prices and
capital input prices that were detailed in the previous could affect these
results. Regarding the industry output prices, I compared my detailed
Japan–US industry output prices for 2005 to those reported in Nomura
andMiyagawa (2015, Table 3) and used in Jorgenson et al. (Chapter 13,
this volume). On an encouraging note, the two sets of industry output
prices are positively correlated, but with a correlation of 0.54 there are
also notable differences. Some of those differenceswill cancel out, as there
are industries where I find higher relative prices and those where I find
lower relative prices thanNomura andMiyagawa (2015). But overall, my
estimates seem to overestimate relative industry output pries compared to
Nomura and Miyagawa (2015), which would, ceteris paribus, lead to
lower relative productivity levels in Japan relative to the US in the year
2005. This degree of overestimation of output prices seems to be larger in
market services than in manufacturing.

It is harder to draw broader lessons from this comparison for my
results regarding productivity convergence. For one, there is no clear
pattern or systematic reason for the differences between the two sets of
industry output prices, so generalizing the difference for Japan–US in
2005 to other countries and years would not be well-grounded. More
generally, for the convergence results to be affected, the degree of
overestimation of my estimated industry output prices compared with
the “true” industry output prices would have to be (a) larger in man-
ufacturing than in other sectors, (b) larger in lower-income economies,
and (c) decrease over time. If all these conditions were met, the pro-
ductivity dispersion in manufacturing at the start of the period would
have been overestimated compared to later years and compared to
other sectors, potentially overturning the “faster convergence in man-
ufacturing” result. It is not impossible for these conditions to be met,
but there is no evidence pointing in this direction.

It is possible tomake amore informed assessment about the potential
bias in relative productivity estimates from missing data on the asset
composition of industry capital stocks based on economy-wide asset
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composition. The depreciation rate of structures is low compared to
depreciation rates for equipment – around a 2% annual geometric rate
for structures, compared to 10–35% depending on the type of equip-
ment. As a result, structures will tend to account for a relatively large
share of the value of the capital stock. This is confirmed when looking
at economy-wide (weighted) average depreciation rates – as reported in
the Penn World Table (Feenstra et al. 2015) – of, on average, 4%.
Moving from a homogenous capital stock to a (more appropriate)
capital services measure will give a lower weight to structures, since
the user cost of capital increases with the asset depreciation rate (equa-
tion (5)). We also know that relative investment prices of equipment
tend to differ less across countries than relative prices of structures (see
e.g. Hsieh and Klenow 2007). This is because equipment is largely
imported, while investment in structures relies heavily on local
(labor) input. As a result of the Balassa-Samuelson effect, the relative
price of structures will be lower in lower-income countries. Compared
to the capital input prices used in this analysis, lower-income countries
would tend to have higher capital services prices and thus higher
productivity levels. This would mean that productivity dispersion is
overstated in my results, a prediction borne out by the results of Inklaar
and Timmer (2009, Table 4). In their sample of mostly high-income
countries, productivity dispersion is approximately 15% lower when
appropriately accounting for the asset composition of industry capital
stocks. As lower-income countries grow richer, this degree of over-
statement should decrease. In other words, it seems likely that some of
the convergence found in my data is due to mismeasured capital input
prices. It is not clear, though, that this problemwould bemore severe in
manufacturing than in other sectors.

14.4.3 Determinants of productivity growth and convergence

Though the aggregate productivity convergence is clearly broad-based,
Table 14.1 already showed notable differences in the pattern of con-
vergence and divergence of the different sectors. These differences are
even larger when analyzing individual industries or countries. In the
median industry, productivity dispersion decreased by 21%, similar to
the market economy rate but productivity dispersion in the textiles and
wearing apparel industry decreased by 58%, while productivity dis-
persion in air transport increased by 24%. Indeed, six out of thirty
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industries showed divergence rather than convergence. Also, countries
that show larger increases in their aggregate relative productivity levels
tend to havemore industries with increasing productivity levels, but the
correlation is low at 0.09. This raises the question what could be
driving these differences.

To answer this question, I use the following general model used
broadly in the ‘Schumpeterian’ growth literature (Aghion et al. 2014):

Dln
Aict

Aict$1

% &
¼ β1ln

Aict$1

AF
it$1

 !

þ β2Xict$1 þ β3Xict$1 ( ln
Aict$1

AF
it$1

 !

þ ηic þ ηt þ εict ð8Þ

In this equation, productivity growth for industry i in country c -
from year t $ 1 to year t (based on equation (7)) is explained using
the proximity to the productivity frontier – the productivity level in
country c relative to the productivity level of the country with the
highest productivity level – (computed based on equation (2)) at
t $ 1, explanatory variable X and an interaction between X and the
proximity to the productivity frontier. In addition, a full set of country-
industry dummies and year dummies is included. We would expect
a negative coefficient for β1, since a greater proximity to the produc-
tivity frontier implies fewer opportunities to achieve productivity
growth by imitating frontier technologies.

The main interest is in coefficient β3. If this coefficient is significantly
different from zero, it implies that variable X has a different effect on
productivity growth depending on the proximity to the productivity
frontier. So, for example, Griffith et al. (2004) find that in countries
that are closer to the frontier, research and development (R&D) spend-
ing contributes less to productivity growth, indicating that R&D
spending helps both innovation (pushing out the frontier) and imita-
tion (catching up to the frontier).

Table 14.2 defines and describes the set of X-variables that are con-
sidered in the analysis. The first is the share of hours worked by high-
skilled workers, which according the Vandenbussche et al. (2006)
should contribute positively to productivity growth only in settings of
close proximity to the frontier since more high-skilled workers would
stimulate the rate of innovation. The second is the share of high-tech
imports. As the survey of Keller (2004) discusses, imports of more
advanced inputs are an important source of technology transfer, so
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these imports would be expected to have a greater impact on productiv-
ity growth for industries that are farther from the productivity frontier.
Note that “high-tech” uses the OECD definition of high and medium-
high technology industries. The third variable is R&D, which according
to Griffith et al. (2004) would have a greater impact in industries farther
from the productivity frontier since R&D helps both innovation and
imitation. The fourth variable is FDI, which – again – following Keller
(2004) could be a source of foreign technology and thus help growth in
industries more distant from the frontier. The final variable is the Lerner
index, or price–cost margin, where a higher Lerner index implies less
intensive competition. As discussed in Aghion et al. (2014), fiercer
competition would be particularly beneficial for industries close to the
frontier as those industries rely more on innovation for growth and
(unless competition turns too cut-throat) competition is beneficial for
growth.

Given these predictions, equation (8) can be estimated for each of the
variables of interest. As indicated in the equation, the regressions
include dummies for each country/industry pair to account for unob-
served heterogeneity and year dummies to account for common shocks.
In addition, I use two further lags of the explanatory variables (so at
t $ 2 and t $ 3) as instruments in a two-step generalized method of

Table 14.2 Potential determinants of productivity growth and
determinants

Variable Definition Source

High-skilled The share of university-educated
workers in total hours worked

WIOD, SEA

High-tech M Industry imports of intermediate
inputs of chemicals, machinery,
electronics, and transport equipment
as a share of industry gross output

WIOD

R&D Business enterprise research and
development expenditure as a share
of industry gross output

OECD, Eurostat

FDI Stock of inward foreign direct
investment as a share of gross output

OECD, Eurostat

Lerner Ratio of price over marginal cost INDICSER database

Note: WIOD, see www.wiod.org; INDICSER, see www.indicser.com.
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moments (GMM) procedure to reduce endogeneity concerns. Though
more truly exogenous variables, such as the introduction of the
European Single Market Program exploited by Griffith et al. (2010),
would be preferable, these are typically hard to find. Finally, standard
errors are clustered by country-industry pair to allow for correlation of
errors within each cross-section.

Table 14.3 shows the results of the analysis. The first row shows
industries that are closer to the productivity frontier grow less rapidly,
though in the more limited samples for R&D (mostly manufacturing
and omitting some emerging economies) and FDI (omitting some emer-
ging economies) these are less significant. In the final column, the
coefficient is not significantly different from zero and the sample covers
only eight European economies after 2002. Turning to the explanatory
variables, the table shows that high-tech imports, R&D, and FDI have
a significant positive effect on productivity growth, but the effect does
not vary depending on the proximity to the productivity frontier.
In fact, none of the interaction coefficients is significantly different
from zero, thus failing to contribute to our understanding of why
some industries show faster convergence than others.

If the results had shown that a particular variable had a stronger effect
on productivity growth for industries farther from the frontier, this
would have been clear evidence that this variable enhances the rate of
convergence. A more indirect way would be if that variable has a direct
effect on productivity growth and takes on higher values in industries
farther from the frontier. The high-tech import share is negatively corre-
lated with the proximity to the frontier but at –0.04, the relationship is
weak. In contrast, R&D intensity is positively correlated with proximity
to the frontier and, at 0.11, this relationship is somewhat stronger. So, if
anything, the high-tech import share is a force of convergence, while
R&D would lead to divergence. However, it is unclear whether these
correlations have systematic drivers or are a coincidence.

To establish the robustness of the results in Table 14.3, I have con-
sidered that the industry proximity to the frontier could be measured
with error and that, due to the persistence in this variable, this is not
adequately addressed by using lagged values of industry proximity. In the
first sensitivity analysis, I therefore use two lagged values of the aggregate
proximity to the productivity frontier as instruments for industry proxi-
mity to the frontier. These are clearlyweaker instruments, as indicated by
first-stage F-statistics and the pattern of results is the same.
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Table 14.3 Explaining productivity growth and convergence – regression results

(1) (2) (3) (4) (5)

High-skilled High-tech M R&D FDI Lerner

Proximity to the frontier –0.0279*** –0.0334*** –0.0174* –0.0185* 0.0369
(0.00765) (0.00755) (0.00957) (0.0108) (0.0310)

Explanatory variable –0.00123 0.162*** 0.852*** 0.00259** –0.101
(0.0386) (0.0582) (0.329) (0.00103) (0.201)

Interaction –0.0276 0.0663 –0.478 –0.00283 –0.279
(0.0338) (0.0430) (0.395) (0.00254) (0.216)

Observations 13435 13435 5676 4398 1955
Overid. restrictions 0.727 0.404 0.129 0.197 0.0482

Notes: Each column represents a separate regression explaining productivity growth using the proximity to the productivity frontier, the
explanatory variable that is identified in the column header and an interaction between the proximity to the frontier and the explanatory
variable, see also equation (8) for the specification and Table 14.2 for definitions of the explanatory variables. Each regression includes country/
industry dummies and year dummies and two lagged values of the independent variables are used as instruments in a two-step GMMprocedure.
Standard errors, clustered by country/industry pair, are in parentheses. “Overid. Restrictions” gives the p-value of the Hansen J statistic on the
overidentifying restrictions of all instruments.
*** p<0.01, ** p<0.05, * p<0.1
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In the second sensitivity analysis, I run the regressions for major
sectors, i.e. subsets of industries rather than all industries together.
Specifically, I run regressions for manufacturing, market services and
other goods (including agriculture, as well as mining, utilities and
construction). This provides some evidence that the impact of FDI
varies with proximity to the frontier, but is unclear why FDI would
have a stronger effect on productivity growth when an industry is close
to the productivity frontier in manufacturing and other goods produc-
tion, but a weaker effect in market services.

It is, again, useful to consider how the measurement of relative prices
may influence these results. Given the regression context of this analysis,
it is helpful to view this as an error-in-variables problem: I measure
“true” productivity growth and proximity to the frontier with error.
Inklaar et al. (2008) consider alternative measures of industry produc-
tivity growth and comparative levels, based on EU KLEMS data, and
I can compare their measures that do not account for differences and
changes in asset composition with those that do. The correlation
between these two sets of measures is 0.99 for both productivity growth
and comparative levels. Their sample of countries is more limited, cover-
ing mostly high-income countries, but there is no obvious reason to
suspect that the measurement error from not accounting for asset com-
position differences and changes would be notably different in a broader
sample of countries. In other words, there is little reason to suspect that
using the methodologically more appropriate capital services methodol-
ogy would lead to substantively different regression results.

14.5 Discussion and conclusions

In this chapter, I have analyzed productivity convergence from an
industry perspective for an unusually detailed and broad set of coun-
tries and industries: forty economies across the development spectrum
and thirty industries covering the market economy (i.e. excluding those
industries where no sensible productivity measures could be com-
puted). The first aim was to document the sectoral sources of aggregate
convergence. Compared with the existing single-sector studies or
OECD-sample studies, this analysis offers much more scope for gen-
eralizable results.

This analysis showed how only the manufacturing sector contribu-
ted to the rapid aggregate convergence. This suggests that some of the
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evidence showing (faster) convergence in services in OECD countries
does not generalize to the current broader set of countries and more
recent period. Conversely, the results are more in line with the findings
of Rodrik (2013) of (unconditional) convergence of manufacturing
productivity.

The second aim of this chapter was to establish why some industries
showmore rapid convergence than others by testing whether a variety of
variables have a greater effect on productivity growth in industries that
are more distant from the productivity frontier. While some variables –
R&D, FDI, and high-tech imports intensity – were indeed significantly
related to productivity growth, others – high-skilled workers and com-
petition – were not. More importantly, none of the variables showed
a significantly different effect on productivity growth depending on the
proximity to the productivity frontier.

So where to look to better understand productivity convergence?
In a volume such as this, a first point for discussion is surely more
appropriate data. As I have discussed in some detail, the lack of
data on the asset composition of industry capital stocks means that
I cannot implement the full KLEMS methodology with a capital
services approach. An implication for the convergence analysis of
this measurement shortcoming is that I likely overestimate the
degree of convergence. Furthermore, the industry output price com-
parison is based on imperfect source material, which seems to lead
to notably difference relative prices than the more extensive price
information used by Jorgenson et al. (Chapter 13, this volume) for
the Japan–US 2005 comparison. This is a source of uncertainty, as
the differences for one country pair in one year are hard to general-
ize. So especially for measuring the degree of productivity conver-
gence, more appropriate data on industry output and capital prices
are sorely needed. In the context of the regression results, though,
there is likely less impact of the lack of a capital services approach
in estimating productivity growth and comparative levels, as data
based on EU KLEMS show very high correlations between growth
and comparative level measures that do and do not apply the capital
services methodology.

There are other concerns about the regressions analysis, though.
It could be that the specification chosen here is not appropriate; for
instance it could be that learning takes place in proportion to actual
trade or investment between specific countries (e.g. Keller, 2004)
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instead of a common rate of learning from the frontier industry.
Beyond that, a first set of alternative candidates are sector- or industry-
specific regulations, such as import tariffs and other trade restrictions
(e.g. Lileeva and Trefler 2010) or barriers to entry (Nicoletti and
Scarpetta 2003). Other candidates are macro variables whose effects
differ across industries, such as financial development (Rajan and
Zingales 1998), infrastructure (Fernald 1999), or labor market institu-
tions (Bassanini, Nunziata, and Venn 2009). A third possibility would
be that a variable considered here has a different effect depending on
some other variable that is related to, but not perfectly correlated with
(industry) productivity. For example, Alfaro et al. (2010) find that FDI
has a larger effect on productivity in countries with a greater level of
financial development.

All these alternatives are potentially important and may provide
further insights into observed convergence patterns. However, existing
evidence tends to be limited in terms of countries or industries covered
or obtained in empirical frameworks that make it hard to draw firm
conclusions on productivity convergence. So given this state of our
knowledge, the best we can do is be grateful for any productivity
convergence that occurs.
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15 The rise of global manufacturing
value chains: a new perspective
based on the World Input–Output
Database
marcel p. timmer, bart los,
and gaaitzen j. de vries

15.1 Introduction

As coordination and transport costs decline, production processes
increasingly fragment across borders. This has profound implications
for the geographical location of production, the patterns of trade, and
the functioning of labor markets (Feenstra 2010). However, national
statistical systems were not designed to measure many of the transac-
tions occurring in today’s global economy. Houseman and Mandel
(2015) provide an overview and identify biases and gaps in national
statistics, examine themagnitude of the problems they pose, and propose
solutions. As a prominent example, traditional measures of competitive-
ness such as revealed comparative advantage based on gross export
values have lost their meaning. For example, booming exports of elec-
tronics suggest that China has rapidly improved in competitiveness since
the late 1990s. But recent product case studies suggest that European,
Japanese, and US firms still capture major parts of these value chains, as
they specialize in high value added activities such as software, design,
branding, and system integration. China and other emerging countries
are mainly involved in the assembling, testing, and packaging activities,
which are poorly compensated. A typical finding is that China keeps
less than 4 percent of a product’s export value as income for its labor
and capital employed in the production process of electronic goods
(Ali-Yrkkö et al. 2011; Dedrick, Kraemer, and Linden 2010). In today’s
world countries no longer compete in products. Instead they are specia-
lizing in particular activities within a global production network.

The aim of this chapter is to outline a newmethod and database that
have been recently used to analyze the deep changes in international
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production. It is based on the World Input–Output Database (WIOD)
which provides a global input–output table describing flows of goods
and services within, as well as across, countries. In addition, it contains
data on the factor content of production at the industry level for forty
countries. As such the WIOD can be seen as the international equiva-
lent of the national KLEMS databases described elsewhere in this
volume. In this chapter we will summarize the main findings of our
work analyzing the value that is added in various stages of regionally
dispersed production processes.1 A central concept in this line of work
is the income generated in a country by participating in global manu-
facturing production, abbreviated by the term “GVC income” (for
global value chain income). It indicates to what extent a country can
compete with other nations in terms of activities related to global
manufacturing. These activities take place in manufacturing industries,
but also in services industries. We take this concept as a starting point
to answer three main questions: how far has international fragmenta-
tion progressed? Which countries have increased their competitiveness
in global production networks? And is there a change in the factor
income distribution within global networks?

The chapter is organized as follows: in Section 15.2 we outline our
accounting framework for value added in global value chains. We
define a global value chain (GVC) of a final good as the set of all value-
adding activities needed in its production. It is identified by the country-
industry in which the last stage of production takes place, say the
German automobile industry. A GVC includes the value added in this
last industry, as well as in all other industries in the same country or
abroad where previous stages of production take place. To decompose
value added in production, we make use of a standard tool in
input–output analysis using Leontief’s (1949) demand-driven model
in an international setting. New metrics of fragmentation and GVC
incomes of countries and production factors are discussed. The empiri-
cal analysis is based on the WIOD, which combines national
input–output tables, bilateral international trade statistics, and data
on production factor requirements. A crucial characteristic of this
database is the explicit measurement of national and international

1 In general, research on this topic has been booming since the mid-2000s and
we do not aim to provide an overview of all the work. See Amador and Cabral
(2014) for an overview and references.
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trade in intermediates. In Section 15.3 we discuss the major features of
this database.

The remainder of the chapter outlines the main empirical findings,
based on an analysis of global production of all manufacturing goods
taken together, denoted by the term manufactures.2 Section 15.4 pro-
vides an analysis of the international fragmentation of production and
shows how foreign value added in production increases rapidly, in
particular outside regional blocs. In Section 15.5 we analyze trends in
GVC income shares across regions and major countries in the world. A
major shift in production from advanced to emerging regions is estab-
lished.We also show that only about half of the GVC income originates
in the manufacturing sector itself, which indicates the importance of
inter-industry linkages in the production of manufacturing goods.
In Section 15.6 we focus more in-depth on the role of different factors
of production. We show how in advanced countries GVC income
generated by capital and high-skilled labor is increasing, while incomes
for medium- and low-skilled workers in manufactures production
decline. Section 15.7 concludes and argues for the need for a closer
integration of national KLEMS-type databases in order to study global
production.

15.2 Accounting for value added in global value chains

In this section we outline our new accounting method for value added
in global production. It is based on information from world input–
output tables to describe the international fragmentation of specific
value chains. We decompose the value of a final product into the value
added shares generated in all countries that contribute to its value chain.
Thus, themeasure does not only take into account the value added by the
immediate suppliers of intermediates, but also valued added by suppliers
further upstream. This can be elucidated by referring to Figure 15.1,
which is an extension of a diagram in Hummels et al. (2001). It refers to
a simplified world economy consisting of three countries and depicts
a value chain of a final product for which the last stage of production
takes place in country 3. We call this the country-of-completion.
To produce it, factor inputs are needed in country 3, generating domestic

2 Timmer et al. (2015) provides a more detailed analysis of the global automotive
industry.
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value added. In addition, intermediate inputs are needed, some of which
are produced within the country itself and some of which are imported
from country 2. To produce these, country 2 in its turn adds value. This
is not limited to the industries producing the exported intermediate
products (the first-tier suppliers in the production of the final product),
but also involves industries in country 2 that act as second-tier suppliers
by producing materials and components that are needed for the produc-
tion by the first-tier exporters. Finally, second-tier suppliers are not only
located in country 2, but also in country 1, such that country 1 also adds
value. Based on information of the various production linkages in the
production of the final product considered, the values added by countries
1, 2, and 3 can be calculated.

Country 1 Capital and 
labour

Intermediate 
goods

Domestic 
intermediate 

goods

Country 2 Capital and 
labour

Intermediate 
goods

Domestic 
intermediate 

goods

Country 3 Capital and 
labour

Final goods
for domestic 
and foreign 

demand

Figure 15.1 Stylized representation of an internationally fragmented value chain
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More formally stated, we will study value chains of final products
that are identified by the last stage of production: a particular industry
i located in a specific country j, denoted by (i,j).3 To produce good (i,j),
activities in industries l = 1, . . ., L in each of the countries k = 1, . . .,
K are needed. To decompose its value, we need to start with finding the
levels of gross output associated with the production of (i,j). These can
be estimated by applying standard input–output methods to global
input–output tables. Global input–output tables contain information
on the values of intermediate input flows among all country-industries
in the world, as well as on the values of flows from each of these
country-industries to final use in each of the countries. These tables
also contain information on value added generated in each of the
country-industries. Combining information on values of sales and
value added per dollar of sales leads to estimates of value added in
each of the SN industries as a consequence of final demand for product
(i,j). For this we use an equation that has been a standard tool in
input–output analysis (see Miller and Blair 2009):

g ¼ v̂ I " Að Þ"1ðFeÞ ð1Þ

In this equation, g is the vector of value added created in each of the LK
country-industries involved in a value chain. The choice for a specific
final output matrix F determines which value chain is considered. Final
output is output delivered for household consumption and investment
demand.4 e is a summation vector. (I-A)−1 is the well-known Leontief
inverse, the use of which ensures that value added contributions in all
tiers of suppliers are taken into account. v is a vector with value added
over gross output ratios, for each of the country-industries.5 See Los et al.
(2015a) for a technical discussion of the derivation of equation (1).

3 Industries producing wholesale and retail services, and transport services
industries are not considered as industries-of-completion. Our data is at basic
prices and hence the margins generated by these industries in delivery to the final
consumer are not taken into account (see Section 15.3).

4 Note that all final demand for the output of (i,j) is considered, so it includes
both domestic and foreign demand. Johnson and Noguera (2012) provide an
analysis of value added absorbed by foreign demand, and call this value added
exports. See also Los et al. (2015b) for an analysis of the importance of foreign
demand for Chinese growth.

5 Matrices are indicated by bold capital symbols and (column) vectors by bold
lowercases. Hats denote diagonal matrices with the corresponding vector on the
main diagonal.
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Themain result of this calculation for our purposes is that we are able
to decompose the value of a final product into value added contributions
in any country in the world. As we are using tables that involve all
regions in the world, this decomposition is exhaustive. Denote the final
output value of product (i,j) by FINO(i,j) and the value added by
industry l in country k in its production by VA(l,k)(i,j). The vector
g contains the matching VA(l,k)(i,j) levels for each (i,j), such that

FINO i; jð Þ ¼
X

l;k
VA l; kð Þ i; jð Þ ð2Þ

Summed over all countries, the value added contributions to the
production of (i,j) are equal to the final output value of (i,j). This
accounting scheme is illustrated in Figure 15.2 where global value
chains are represented by the columns. There is one column for each
final product, characterized by the country-industry-of-completion,
with cells showing the origin of the value added. Note that the
delivering industries are domestic as well as foreign. The sum across
all participating industries in a GVC makes up the gross output value
of the final product, given in the bottom row. As all final products are
consumed somewhere in the world, final output values will equal
global expenditure on the product. Thus the summation of final out-
put across all columns equals world gross domestic product (GDP)
which is measured from the expenditure side.

This decomposition framework allows us to define a number of
interesting metrics. We define our measure of foreign value added
(FVA) as all value added outside the country-of-completion j:

…
Industry 

1 …
Industry 

N …
Industry 

1 …
Industry 

N
Industry 1
…
Industry N

… …
Industry 1
…
Industry N

World GDPTotal final output value 

Value
added

Country 1

Country M

Value added
from country-

industries 
participating in 

global value 
chains

Country 1 Country M

Final products of a global value chain,
identified by country-industry of completion

Figure 15.2 An accounting framework for global value chains
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FVA i; jð Þ ¼
X

k≠j
VA kð Þ i; jð Þ ¼ FINO i; jð Þ " VA jð Þ i; jð Þ ð3Þ

Note that VA jð Þ i; jð Þ is the value added domestically. To measure the
importance of foreign value added, we express it as a share of all value
added in the production of (i,j):

FVAS i; jð Þ ¼ FVA i; jð Þ=FINO i; jð Þ ð4Þ

We will use this share to measure the extent of international fragmen-
tation of value chains in Section 15.4. Subsequently, we decompose
FVAS(i,j) into the value added share of the region to which the country-
of-completion belongs, and the remaining value added share that is
added outside the region.

As an example, in Table 15.1, we provide the decomposition for the
final output of the transport equipment manufacturing industry in
Germany, in short “German cars.”The table indicates the geographical
origin of the final output of German cars in 1995 and in 2008 and
reveals striking developments. Between 1995 and 2008, the share of
domestic value added decreased rapidly from 79 to 66 percent of the
value of a German car. Value added from Eastern Europe increased.
This is well documented in case studies: with the new availability of
cheap and relatively skilled labor, firms from Germany relocated parts

Table 15.1 Value added shares in final output of automotives from
Germany (%)

Generated in 1995 2008 change

Germany 78.9 66.0 –12.8
Eastern Europe 1.3 4.3 3.0
Other European Union 11.9 14.3 2.4
NAFTA 2.5 3.1 0.6
East Asia 2.1 4.3 2.2
Other 3.3 8.0 4.7
Total 100.0 100.0

Notes: Decomposition of final output of the transport equipment manufacturing
industry in Germany (ISIC rev. 3 industries 34 and 35) based on equation (2). Eastern
Europe refers to countries that joined the EU on May 1, 2004 and January 1, 2007.
East Asia refers to China, Japan, SouthKorea, and Taiwan.Numbersmay not sumdue
to rounding.
Source: Authors’ calculations based on the World Input–Output Database,
November 2013 release.
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of the production process to Eastern Europe (Marin 2011). But perhaps
surprisingly, value added from other countries in Europe increased by
nearly the same amount. At the same time, the industry quickly globa-
lized by sourcing more and more from outside Europe. Countries out-
side Europe actually accounted for more than half of the increase in
foreign value added.

A second set of metrics are related to the contribution of countries to
global production. It is defined as the income generated in a country by
participating in global manufacturing production of a particular set of
products, abbreviated by the term “GVC income” (Timmer et al.
2013). It answers the question of how much value a country adds to
the global production of a particular set of products. Rather than
looking at the columns in Figure 15.2, this metric is based on informa-
tion in the rows. A particular row in Figure 15.2 provides information
on the value added from a particular country-industry to all global
value chains in the world. Obviously, this includes value added in the
production of its own final products, but also value added to produc-
tion in other GVCs, by means of delivering intermediate inputs. Note
that this includes value added delivered directly to the industry-of-
completion, but also indirectly through other industries. An element
in the final column of Figure 15.2 provides this summation across the
row and is equal to the value added in an industry.6

In this chapter we focus on the contribution to the global production
of final manufacturing goods, denoted by the term “manufactures.”
Production systems of manufactures are highly prone to international
fragmentation, as activities have a high degree of international contest-
ability: they can be undertaken in any country with little variation in
quality.7 GVC income of a country is then defined as the contribution
of its industries to the global production manufactures.More formally,

6 Note that VA(l,k) summed across all industries in all countries equals world
GDP as measured from the production side. Our accounting framework for
GVCs thus obeys an important accounting convention: both the columns and the
rows add up to world GDP as global final expenditure must be equal to global
value added.

7 Ideally, one would like to cover value added in all activities that are
internationally contestable, and not only those in the production of
manufactures. An increasing part of world trade is in services, and only (part of)
intermediate services are included in GVCs of manufactures. GVCs of services
cannot be analyzed, however, as the level of observation for services in our data is
not fine enough to zoom in on those services that are heavily traded, such as for
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GVC kð Þ ¼
X

i2manu

X
l;j
VA l; kð Þ i; jð Þ ð5Þ

The GVC income of country k in global production of manufactures
is equal to the sum of value added by all its industries l to the
production of all final manufacturing goods i where the last stage
of production takes place in any country j in the world. Note that this
includes not only activities in the manufacturing sector, but also
production activities in all other sectors, such as agriculture, utilities,
business services, and so on, that provide inputs in any stage of the
production process.8

We then define world GVC income as the GVC income summed over
all countries. Note that this will be equal to world expenditure on
manufacturing goods as we model all regions in the world in our
empirical analysis. By definition, any dollar spent on final goods must
end up as income for production factors somewhere in the world.
The competitiveness of a country in global production of manufactures
can then be traced through expressing its GVC income as a share of
world GVC income: GVC kð Þ=

X
k
GVC kð Þ.

15.3 World input–output database (WIOD)

Central in the WIOD is a time-series of world input–output tables. A
world input–output table (WIOT) can be regarded as a set of national
input–output tables that are connected with each other by bilateral
international trade flows. This is illustrated by the schematic outline for
a WIOT involving three countries in Figure 15.3. A WIOT provides
a comprehensive summary of all transactions in the global economy

example consultancy services. The lowest level of detail in theWIOD is “business
services,”which for the major part contains activities that are not internationally
traded, and hence are much less interesting to analyze from a GVC perspective
This is all the more true for other services, such as for example personal or retail
services. They require a physical interaction between the buyer and provider of
the service and a major part of the value added in these chains is effectively not
internationally contestable. More detailed data on trade in and production of
services is needed before meaningful GVC analyses of final services can be made.

8 It is important to note that GVCs of manufactures do not coincide with all
activities in the manufacturing sector: some activities in the manufacturing sector
are geared toward production of intermediates for final non-manufacturing
products and are not part of manufactures GVCs. For example, the production of
concrete for the construction industry.
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between industries and final users across countries. The columns in the
WIOT contain information on production processes. When expressed
as ratios to gross output, the cells in a column provide information on
the shares of inputs in total costs. Such a vector of cost shares is often
referred to as a production technology. Products can be used as inter-
mediates by other industries, or as final products by households and
governments (consumption) or firms (stocks and gross fixed capital
formation). The distribution of the output of industries over user
categories is indicated in the rows of the table. An important account-
ing identity in the WIOT is that gross output of each industry (given in
the last element of each column) is equal to the sum of all uses of the
output from that industry (given in the last element of each row).

In addition to a national input–output table, imports are broken down
according to the country and industry of origin in a WIOT. This allows
one, for example, to trace the country of origin of the chemicals used in
the food industry of country A. The combination of national and inter-
national flows of products provides a powerful tool for analysis of global
production networks as will be shown below. While national tables are
routinely produced by national statistical institutes, WIOTs are not, as
they require integration of national account statistics across countries.
It is this gap that the WIOD project aimed to fill.

The second release of theWIOD in November 2013 provides a time-
series ofWIOTs from 1995 to 2011. It covers forty countries, including
all twenty-seven members of the European Union (as of January 1,
2007) and thirteen other major economies: Australia, Brazil, Canada,
China, India, Indonesia, Japan, Mexico, Russia, South Korea, Taiwan,
Turkey, and the United States (see Appendix Table 15.1 for a full list).
These countries have been chosen by considering both the requirement

… …Country 1 Country M

Industry 
1 …

Industry 
N …

Industry
1 …

Industry 
N …

Industry 1
…
Industry N

… …
Industry 1
…
Industry N

Total use

Supply from 
country-

industries 

Country 1

Country M

Value added by labour and capital 
Gross output

Use by country-industries

Country 1 Country M

Final use by countries

Figure 15.3 Schematic outline of a world input–output table (WIOT)
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of data availability of sufficient quality and the desire to cover a major
part of the world economy. Together, the countries cover more than
85 percent of world GDP in 2008 (at current exchange rates).
In addition, a model for the remaining non-covered part of the world
economy is estimated, called the “rest of the world” region. To address
several important research questions it is crucial to have a full model of
the world economy. The values in WIOTs are expressed in millions of
US$ and market exchange rates were used for currency conversion. All
transaction values are in basic prices reflecting all costs borne by the
producer, which is the appropriate price concept for most applications.
International trade flows are accordingly expressed in “free on board”
(fob) prices through estimation of international trade and transport
margins.

The WIOTs have an industry-by-industry format as many applica-
tions require such a square matrix reflecting the economic linkages
across industries. They provide details for thirty-five industries mostly
at the two-digit ISIC rev. 3 level or groups thereof, covering the overall
economy. These include agriculture, mining, construction, utilities,
fourteen manufacturing industries, telecom, finance, business services,
personal services, eight trade and transport services industries, and
three public services industries. This level of detail was dictated by
the available data, reflecting the lowest common denominator across
countries. The WIOTs are built up from published and publicly avail-
able statistics from national statistical institutes around the world, plus
various international statistical sources such as OECD and UN
National Accounts.

The WIOD has a number of distinguishing characteristics when
compared with other data initiatives.9 First and above all, the WIOTs
from the WIOD have been specifically designed to trace developments
over time through benchmarking to time-series of output, value added,
trade, and consumption from national accounts statistics. Second,
WIOD is based on official and publicly available data from statistical
institutes to ensure a high level of data quality. In particular, it is
constructed within the framework of the international System of
National Accounts and obeys its concepts and accounting identities.
This obviously restricted the number of countries that could be covered

9 See Tukker and Dietzenbacher (2013) for an overview of existing global input-
output databases.
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in WIOD as there is a trade-off between quality and coverage. Third,
theWIOTs have been constructed on the basis of sets of national supply
and use tables (SUTs) that are the core statistical sources from which
statistical institutes derive national input–output tables. SUTs provide
a more natural starting point for building WIOTs than national
input–output tables, which are the basic building blocks in other initia-
tives. Input–output tables contain less information and are typically
derived from SUTs with additional assumptions. Moreover, SUTs can
easily be combined with trade statistics that are product-based and
employment statistics that are industry-based and allow one to take
the multi-product nature of firms into account. Dietzenbacher et al.
(2013) and Timmer et al. (2015) discuss how theWIODdealt with four
major challenges in data construction: harmonization of basic SUTs
data; derivation of time-series; disaggregation of imports by country of
origin and use category, and global closure.

Fourth, apart from the WIOTs themselves, the WIOD also provides
tables with underlying data and statistics that have been used to con-
struct the WIOT. Examples are national and international SUTs, as
well as valuation matrices with product-specific trade and transporta-
tionmargins and net taxes. In addition, theWIODprovides data on the
quantity and prices of factors inputs, including data on workers and
wages by level of educational attainment and capital inputs. These data
are provided in the so-called Socio-economic accounts and can be used
in conjunction with the WIOTs as similar industry classifications are
used. This greatly enhances the scope of analysis, as shown in the next
section. Finally, the WIOD is as yet the only database that is publicly
available and free at www.wiod.org.

15.4 Increasing international fragmentation of production

Previous studies of globalization tended to claim that international
production fragmentation is mainly taking place within regional
trade blocs rather than being a truly global phenomenon. This claim
is often based on observations of increasingly denser networks of
intermediate input flows between countries belonging to the same
region (e.g. Baldwin and Lopez-Gonzalez 2013). However, gross
trade flows are no longer representative of the value added flows, and
the value added content of trade between countries within a region
might well be lower than between countries across regions. As shown
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above, global value chain decompositions provide a particularly useful
tool to analyze the geographical distribution of value added in produc-
tion. In this section we focus on the global production of manufactures
and answer the question of whether this process is mainly taking place
within a regional bloc (regional fragmentation) or also involves frag-
mentation outside blocs (global fragmentation).

To analyze the geographical distribution of value added in the pro-
duction of manufactures we use the decomposition given in equation
(1) where F is chosen as one unit of final demand for manufactures
coming from a given country-of-completion. For each country-of-
completion we indicate the amounts of value added that originates
domestically, regionally, and globally. Regional value added is all
value that is added outside the country-of-completion, but in the region
to which this country-of-completion belongs. Global value added is the
value added in all countries outside this region. By definition the
domestic, regional, and global value added shares add up to unity as
in equation (4). In line with Baldwin and Lopez-Gonzalez (2013), we
distinguish three major regional trading blocs: EU, including the
twenty-seven member countries of the EU as of 2011; the North-
American Free Trade Agreement (NAFTA) countries: Canada,
Mexico, and the US; and East Asia, comprising China, Japan, South
Korea, and Taiwan. While the latter region does not have an exclusive
multi-lateral trade agreement among its members, it is characterized by
strong international trade and investment links.

In Table 15.2 we provide decomposition results for 2008, and the
change in shares between 1995 and 2008. The results for the twenty-
four countries are grouped by trade bloc and sorted within blocs
according to final output value. So, for example, the table shows that
the final output value of manufactures in Germany in 2008 was
US$950 billion, of which 14 percent was generated within Europe
but outside Germany, and 16 percent outside Europe. Since 1995,
value added outside Germany has increased by 12 percentage points,
of which 8 percentage points outside the EU.

The first major finding is that in all countries, except in Canada, the
share of domestic value added has declined between 1995 and 2008,
and in some countries even by up to 15 percentage points. Production is
indeed fragmenting internationally at a fast pace. Nevertheless, the
share of domestic value added is still substantial in 2008. For major
countries in Europe, domestic shares are inbetween 65 to 75 percent,
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Table 15.2 Regional value added distribution of final output of manufactures by country-of-completion

Final output (US$ m)
in 2008

Value added shares in 2008 Change in shares (2008 minus 1995)

Country of completion Domestic Regional Global Domestic Regional Global

European Union
Germany 949,854 0.70 0.14 0.16 −0.12 0.04 0.08
Italy 556,645 0.72 0.11 0.16 −0.07 0.00 0.07
France 512,973 0.69 0.15 0.16 −0.09 0.02 0.08
Great Britain 317,244 0.74 0.12 0.14 −0.04 0.00 0.04
Spain 275,311 0.68 0.15 0.17 −0.10 0.02 0.09
Netherlands 160,488 0.54 0.19 0.27 −0.10 −0.01 0.10
Poland 129,775 0.67 0.18 0.15 −0.15 0.06 0.09
Belgium 113,180 0.45 0.34 0.21 −0.10 0.01 0.09
Sweden 100,815 0.60 0.22 0.18 −0.11 0.04 0.07

East Asia
China 1,655,179 0.79 0.05 0.16 −0.06 −0.01 0.07
Japan 938,876 0.81 0.03 0.16 −0.13 0.02 0.11
South Korea 242,766 0.59 0.12 0.29 −0.15 0.04 0.10
Taiwan 92,895 0.53 0.13 0.34 −0.14 0.02 0.12
NAFTA
United States 1,961,475 0.80 0.04 0.16 −0.08 0.02 0.06
Mexico 321,788 0.74 0.12 0.14 −0.02 −0.04 0.06
Canada 237,253 0.68 0.15 0.17 0.00 −0.05 0.05

Other
Brazil 380,110 0.83 0.03 0.14 −0.07 0.01 0.06
Russia 229,801 0.85 0.07 0.09 −0.02 0.00 0.02
Turkey 189,296 0.78 0.09 0.13 −0.07 0.02 0.05

Notes: Domestic, regional, and global value added shares in final output from manufacturing industry in country-of-completion based on
equation (2). Regional value added includes value added by countries in the region to which the country-of-completion belongs (EU, NAFTA, or
East Asia), but excludes value added in the country-of-completion itself. Global value added is the value added by all countries outside this
region. By definition, domestic, regional, and global shares add up to 100 percent. For Brazil the regional value added share refers to the NAFTA
countries. For Russia and Turkey the regional value added share refers to countries in the EU.
Source: Authors’ calculations based on the WIOD, November 2013 release.
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and higher at about 80 percent in the US and Japan. Smaller countries
typically have lower domestic shares,which drop to less than 55 percent
in the cases of Belgium and the Netherlands. The second finding is that
value chains are becoming truly globalized: since 1995 global shares
increased much faster than regional shares in all countries as more and
more intermediates are sourced from outside the region. Los et al.
(2015a) provide further evidence that this trend is pervasive across
various manufacturing product groups.

15.5 Trends in GVC incomes in global production
of manufactures

As shown so far, the value added contribution of countries to domestic
production chains is generally declining. This also implies that their
contribution to foreign value chains is increasing. To analyze
a country’s competitiveness one therefore has to measure its contribu-
tions to all production chains, domestic and foreign. This was defined
in Section 15.2 as a country’s “GVC income”: the income of all domes-
tic production factors that have been directly and indirectly used in the
production of final manufacturing goods, see equation (5). These indir-
ect contributions are explicitly accounted for through the modeling of
input–output linkages across sectors. And to calculate this GVC
income we choose F in equation (1) as the vector of world-wide con-
sumption of manufactures.

Figure 15.4, Panel A, provides a comparison of the GVC incomes in
advanced and emerging regions in the production of final manufacturing
goods, based on equation (5). The GVC income share of advanced
countries (East Asia plus the US, Canada, Australia, and the EU15) has
been declining from almost three-quarters in 1995 to just above half of
world GVC income.10 Emerging regions have rapidly increased their
shares, and almost all of this increase was realized after 2003. It should
be kept in mind that international competition is not a zero-sum game,
and declining shares do not necessarily mean an absolute decline in GVC
income in a region. On the contrary, in real terms, world GVC income on

10 One might hypothesize that shifts in the composition of global manufacturing
demand in terms of the type of products being demanded might also be
a determinant of the decline of the advanced nations in global manufacturing
production. However, the product structure of global demand remained stable
over the period 1995 to 2009.
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manufactures (deflated by the US Consumer Price Index, or CPI) has
increased by about one-third over the period 1995–2008. Panel
B shows that the increase in the GVC income in emerging countries
has always been higher than in advanced countries, reaching a peak in
2008 at a time when advanced countries’ GVC income stalled.
The drop in the crisis year of 2009 was large for all countries, but
recovery occurred much faster in the emerging economies.

In Figure 15.5 we show the shares of regions in world GVC income in
the production of manufactures for the period from 1995 to 2011.
The figure plots measures for five groups of countries, namely NAFTA
(Canada, Mexico, and the US); the EU, consisting of the twenty-seven
EU member states; East Asia, consisting of Japan, South Korea, and
Taiwan; China; and Brazil, Russia, India, Indonesia, Australia, and
Turkey (BRIIAT). In Table 15.3, additional data for thirty-four major
individual economies can be found for 1995, 2002, 2008, and 2011.
The table shows that the share of NAFTA countries in world GVC
income increased during the information and communications technol-
ogy (ICT) bubble years, climbing as high as 30 percent, at which point its
share was even higher than that of the EU. But it rapidly declined after
2001, reaching a low of 20 percent in 2008. The decline of the advanced
nations is particularly due to the demise of East Asia, whose share has
been declining rapidly since the mid-1990s. While the shares of South
Korea and Taiwan are still increasing, the GVC income share of Japan
has been declining rapidly. In contrast, the EU GVC income share has
been relatively stable, only slowly declining over the period from1995 to
2008. France, Italy, and the United Kingdom slowly lost some shares.
The German share dropped rapidly in the latter 1990s, but stabilized
afterwards. These drops were compensated by increasing shares for
other EU countries, in particular the new member states. As is well
known, the aftermath of the global financial crisis hit Europe particu-
larly hard, and its share dropped sharply from 32 percent in 2003 to
24 percent in 2011. On the flip side, the share of other regions in the
world rapidly increased. China is mainly responsible for the increase of
the emerging countries’ share, because its share accelerated after its
accession to the World Trade Organization (WTO) in 2001. In 2007 it
overtook East Asia in terms of share. In 2009, the Chinese GVC income
share overtook that of the combined countries of BRIIAT. And in 2011
its share was higher than in the US, making it the number one country in
terms of value added in global production of manufactures.
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One might argue that these shifts in regional GVC income shares are
unsurprising, given the faster growth of China and other emerging
economies vis-à-vis advanced regions. Higher consumption in the
home economy would naturally lead to higher GVC incomes. But this
is only true to the extent that demand for manufactures has a strong

Panel A: Shares in world GVC income 

Panel B: Annual change (in billions of 1995 US$)
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Figure 15.4 GVC incomes in advanced and emerging countries, all
manufactures, 1995–2011
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Table 15.3 Country GVC income in production of manufactures (% of
world)

1995 2002 2008 2011

United States 19.91 23.90 15.81 15.02
Japan 17.52 11.36 7.79 7.59
Rest of the world 11.28 11.39 14.83 15.56
Germany 9.38 7.78 7.64 6.47
France 4.44 4.24 3.79 3.09
Italy 4.39 4.38 4.07 3.15
China 4.21 7.07 12.83 16.73
United Kingdom 3.85 4.18 2.99 2.43
Brazil 2.48 1.63 3.05 3.34
South Korea 2.15 2.08 1.80 2.01
Spain 1.94 1.91 1.97 1.64
Canada 1.88 2.24 2.18 2.40
India 1.72 2.00 2.64 3.20
Mexico 1.50 2.85 2.39 2.17
Netherlands 1.43 1.29 1.37 1.16
Indonesia 1.27 1.07 1.31 1.74
Taiwan 1.26 1.26 0.84 0.83
Russian Federation 1.22 1.26 2.84 2.75
Turkey 1.11 0.90 1.41 1.28
Australia 1.03 1.02 1.29 1.52
Belgium 1.01 0.83 0.80 0.68
Sweden 0.84 0.81 0.81 0.75
Austria 0.76 0.67 0.72 0.60
Denmark 0.55 0.50 0.48 0.37
Poland 0.51 0.61 0.98 0.83
Finland 0.44 0.43 0.42 0.31
Portugal 0.36 0.33 0.31 0.25
Ireland 0.33 0.54 0.47 0.38
Greece 0.31 0.28 0.35 0.25
Czech Republic 0.22 0.32 0.48 0.40
Romania 0.18 0.18 0.37 0.31
Hungary 0.17 0.24 0.31 0.27
Slovenia 0.08 0.09 0.10 0.07
Slovak Republic 0.08 0.10 0.20 0.16

Notes:Contribution of countries to final output of manufactures in any country in the
world, based on equation (5). Results for thirty-four most important countries that are
covered in the WIOD. Countries ranked on share in 1995.
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home production bias – that is, a bias mainly geared towards goods
with a high level of domestic value added. Given the high tradability of
manufacturing goods, this home bias is not obvious, however.
Increased Chinese demand for, say, chemicals or electronic equipment
can be as easily served by imports as by Chinese domestic production.
And in the latter case, a sizable share could still be captured by
advanced countries through the delivery of key intermediate inputs
and services. Falling shares in global GVC income for advanced regions
in Figure 15.5 indicate that they failed to capture a large part of the
value of the increased market for manufacturing goods in emerging
economies. At the same time, the domestic value added content of their
own production declined. Both trends can be interpreted as a loss of
competitiveness.

A number of caveats are in order. Shares in world GVC income are
expressed in US dollars using current exchange rates. For income
changes over time, we deflate incomes in US dollars to the 1995 US
dollar value using the US CPI. Exchange rates have fluctuated over the
period considered: the dollar-to-euro rate declined sharply over
1995–2001, followed by a steep rise, which by 2007 had returned it
to near its 1995 value.11 The yen-to-dollar rate fluctuated around
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11 The euro was introduced in 2001. For the period before 2001, we refer here to
the Deutschmark.
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a long-term constant for this period. The yuan-to-US dollar rate was
effectively constant over this period, slightly appreciating at the end of
the 2000s. The choice of the US dollar as numéraire has no impact on
the GVC income measure of a country relative to other countries. For
example, calculating GVC income shares of a country in yen or euros
would give identical results, but it would affect the absolute levels of
GVC incomes and hence comparisons over time within a country.

Second, one has to keep in mind that the location where the value is
being added is not necessarily identical to where the generated income
will eventually end up. The building of global production chains is not
only through arms-length trade in intermediate inputs; it also involves
sizable flows of investment, and part of the value added in emerging
regions will accrue as income to multi-national firms headquartered in
advanced regions through the ownership of capital. What is needed is
to analyze capital income on a national rather than a domestic basis as
we do in this chapter. Data on foreign ownership is notoriously hard to
acquire, not least because of the notional relocation of profits for tax
accounting purposes. Hence, further research is needed in this area
(Baldwin and Kimura 1998; Lipsey 2010). The decline in East Asian
GVC income is likely overestimated, as it is also related to the off-
shoring of activities to China, which effectively became the assembly
place of East Asia (Fukao et al. 2003). Income earned by East Asian
capital is allocated to the place of production (in this case China) and
not by ownership. This difference is probably larger for East Asian
countries than for NAFTA or the EU. The latter regions have larger
within-region FDI flows, such that they net out in regional aggregate
numbers presented here.

The production of manufacturing goods involves a wide variety of
activities, which do not only take place in the manufacturing sector.
Using the decomposition technique outlined above, one can trace not
only the country but also the sector in which value is added during the
production process. Typically, the value that is added by activities in
the manufacturing sector itself is around half the basic price value of
a good, and it declines over time as services activities are outsourced.
In Table 15.4 we provide for each country the share of a sector in the
GVC income related to manufactures. This is done for twenty major
economies in 1995 and 2008, distinguishing between three broad
sectors: (1) natural resources, including the agriculture and mining
industries (ISIC Rev. 3 industries A to C); (2) manufacturing, including
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all manufacturing industries (D); and (3) services including all other
industries (E to Q). The table shows that the share of value added in the
manufacturing sector has declined between 1995 and 2008 in all
countries except South Korea. The unweighted average share across
all twenty countries declined from 54 percent to 50 percent. This partly
reflects a shift away from traditional manufacturing activities, such as
those carried out by blue-collar production workers, but also the out-
sourcing of white-collar activities by manufacturing firms to domestic
services firms. Contributions from the natural resources sector are high
and have increased over the 1995–2008 period in countries such as

Table 15.4 Sectoral shares in total GVC income, all manufactures (% of
total)

Natural resources Manufacturing Services
1995 2011 1995 2011 1995 2011

United States 0.06 0.09 0.56 0.52 0.38 0.39
Japan 0.04 0.03 0.65 0.61 0.31 0.36
Germany 0.03 0.02 0.61 0.56 0.36 0.42
France 0.07 0.04 0.48 0.45 0.46 0.50
United Kingdom 0.07 0.07 0.60 0.49 0.34 0.44
Italy 0.05 0.03 0.57 0.52 0.38 0.44
Spain 0.09 0.05 0.54 0.52 0.37 0.43
Canada 0.12 0.19 0.54 0.44 0.34 0.37
Australia 0.20 0.26 0.42 0.35 0.37 0.39
South Korea 0.10 0.04 0.62 0.68 0.28 0.28
Netherlands 0.11 0.12 0.49 0.43 0.40 0.45
China 0.21 0.17 0.58 0.57 0.22 0.26
Russian Federation 0.20 0.21 0.42 0.39 0.38 0.40
Brazil 0.13 0.17 0.55 0.46 0.32 0.37
India 0.22 0.18 0.42 0.42 0.35 0.40
Mexico 0.21 0.22 0.49 0.49 0.30 0.29
Turkey 0.09 0.13 0.64 0.50 0.27 0.37
Indonesia 0.22 0.30 0.61 0.54 0.18 0.16
Poland 0.15 0.10 0.53 0.49 0.32 0.42

Notes: The numbers represent the share of that sector in total value added for the
production of final manufacturing products. “Natural resource” includes the
agriculture and mining industries (ISIC Rev. 3 industries A to C), “manufacturing”
includes all manufacturing industries (D), and “services” all other industries (E to Q).
Source: Authors’ calculations based on WIOD, November 2013 release.

556 Timmer, Los, and de Vries

C6 7 D 6 2 2: 23 6 2C 9CC ,  42 3 :586 8 4 6 C6  9CC , 5 : 8   
. 2565 7 9CC ,  42 3 :586 8 4 6 2 3 :586 1 : 6 :C 02: /2 2C , , D3 64C C C96 2 3 :586 6

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316534502.015
https://www.cambridge.org/core


Australia, Canada, Indonesia, Mexico, Russia, and Turkey.12 This
pattern of value added suggests that for resource-abundant countries,
activities within manufacturing production networks are reinforcing
their comparative advantage. Given its low level of development, ser-
vices contribute relatively much in India, reflecting its well-developed
business services sector, which delivers intermediate services to both
domestic and foreign manufacturing firms. In China, the share of
natural resources is declining, and activities in the services sector are
starting to contribute more, but the level is still well below the con-
tributions of services in Europe and the US. This hints towards a clear
pattern of specialization in which advanced countries increasingly
focus on non-production activities within manufacturing networks.

15.6 Value added by capital and labor

How much of the GVC income accrues to the various production
factors? Our income data on labor and capital allow us to study
which production factors have benefited from the changes in the regio-
nal distribution of global value added. Increasing trade and integration
of world markets have been related to increasing unemployment and
stagnating relative wages of low- andmedium-skilled workers in devel-
oped regions. On the other hand, those factors have offered new
opportunities in developing regions for countries to employ their
large supply of low-skilled workers. To study these trends, we decom-
posed value added into capital and three labor types. Labor skill types
are classified on the basis of educational attainment levels as defined in
the International Standard Classification of Education (ISCED): low-
skilled (ISCED categories 1 and 2), medium-skilled (ISCED 3 and 4),
and high-skilled (ISCED 5 and 6). Data has been collected for the
number of workers involved in production, including employees, self-
employed, and family workers. Additional imputations of the labor
income of self-employed and family workers were made to adjust for
the underestimation of the labor income share in the national accounts
statistics, in particular for less advanced nations (Gollin 2002). Capital
income is derived as a residual and defined as gross value added minus

12 The share of the natural resource sector in Russia is severely underestimated,
since part of the oil and gas production is classified under wholesale services
rather than undermining in the Russian national accounts. Adding thewholesale
sector would almost double the natural resource share in 2008.
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labor income. It represents remuneration for capital in the broadest
sense, including physical capital (such as machinery and buildings),
land (including mineral resources), intangible capital (such as patents
and trademarks), and financial capital.

In Table 15.5 we provide a breakdown of GVC income by labor and
capital for major regions. This is a breakdown of the GVC income
discussed in the previous section. At the global level, the most impor-
tant finding is that the share of GVC income that goes to labor is
coming down, while the share of capital is increasing. In addition,
medium- and low-skilled workers are losing out to high-skilled work-
ers. The income shares for low- and medium-skilled workers dropped
by about 4 percentage points over the 1995–2008 period. Income
shares for high-skilled workers increased by 1.5 percentage points
and for capital more than 6 percentage points. The trends appear to
have changed over time. Up to the early 2000s the decline of low-skilled
and increase of high-skilled shares dominated. Since then the divergent
trends in medium-skilled labor and capital shares dominate, which
provides suggestive evidence in favor of the routinization hypothesis.
According to the “routinization hypothesis” put forward by Autor
et al. (2003), information technology capital complements highly edu-
cated workers engaged in abstract tasks, substitutes for moderately
educated workers performing routine tasks, and has little effect on less-
skilled workers performing manual and services tasks. Timmer et al.
(2014) find similar evidence for a larger set of GVCs and discuss
possible reasons. Further econometric analysis is needed to disentangle
effects of substitution and possible biases in technical change.

The global trend is reflected within regions. In all regions, the compen-
sation for capital is increasing relative to labor. Particularly in emerging
regions, this increase is important and occurs faster than the labor income
increase.13 This might be related to the low wage/rental ratios in these
regions that were still characterized by an abundant surplus of low-skilled
workers from agricultural and informal urban sectors. In advanced

13 It is important to note that the share captured by capital in emerging markets is
known to be overestimated. Our approach is based on domestic production
accounting for the location of the production factor and is silent on the
ownership, as discussed before. In the case of labor income, this is
unproblematic, as for most countries cross-border labor migration is relatively
minor. Hence labor income paid out in a particular country mostly benefits the
workers of the country in which production takes place.
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regions, the increasing importance of capital might be a reflection of the
increased investment in so-called intangible assets, which are becoming
increasingly important for growth in advanced nations (see Corrado et al.,
Chapter 9 in this volume).

Table 15.5 GVC income by production factor and region (shares inworld
GVC income)

Value-added by
labor

Value-added by
capital Value-added total

1995 2011 1995 2011 1995 2011

EU 27 21.7 19.1 9.8 9.9 31.5 29
US 12.0 8.9 7.9 6.9 19.9 15.8
East Asia 12.9 6.0 8.1 4.5 20.9 10.4
China 2.1 5.1 2.1 7.7 4.2 12.8
BRIIMT 4.1 6.2 5.2 7.5 9.3 13.6
Other 6.3 7.4 7.9 10.9 14.2 18.3

World 59.1 52.6 40.9 47.4 100 100
Advanced 46.6 34 25.7 21.2 72.3 55.2
Emerging 12.5 18.6 15.2 26.1 27.7 44.8

Value-added by
high-skilled

Value-added by
medium-skilled

Value-added by
low-skilled

1995 2011 1995 2011 1995 2011

EU 27 4.9 6.1 10.1 9.0 6.7 4.0
US 4.1 3.9 6.9 4.5 1.0 0.5
East Asia 3.2 2.1 7.1 3.2 2.5 0.6
China 0.1 0.4 0.7 1.8 1.3 2.9
BRIIMT 0.8 1.4 1.7 3.0 1.7 1.7
Other 0.8 1.4 2.2 2.9 3.3 3

World 13.8 15.4 28.7 24.4 16.6 12.8
Advanced 12.3 12.1 24.1 16.7 10.2 5.1
Emerging 1.6 3.2 4.6 7.7 6.4 7.7

Notes: “East Asia” includes Japan, South Korea, and Taiwan. “EU 27” designates the
countries that had joined the EU by Januar 1, 2007. “BRIIMT” includes Brazil,
Russia, Indonesia, India, Mexico, and Turkey. “Other” is the rest of the world. Skill
categories classify workers by their educational attainment levels. World income is
equal to world expenditures on manufacturing products at basic prices.
Source: Authors’ calculations based on WIOD, November 2013 release.
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As expected, GVC income for low-skilled workers has increased
strongly in China and in other emerging economies while declining in
the advanced regions. In the US and East Asia, the decline was particu-
larly pronounced for medium-skilled workers. Within Europe, medium-
skilled workers inGermany lost the biggest share, and in other European
countries the income share going to low-skilled workers also declined.
Income for high-skilled workers related to global manufacturing went
up in most EU countries. This is not simply the result of a strong supply
of higher-skilled labor replacing medium-skilled workers but essentially
carrying out the same activities. If this were the case, the wages for high-
skilled workers should have dropped and the increase in GVC income of
high-skilled workers would be limited. However, relative wages for
high-skilled workers did not show this pattern (see Timmer et al. 2013).

15.7 Concluding remarks

With the availability of new global input–output tables, novel perspec-
tives on trade, growth, and jobs have been developed. In this chapter we
introduced the global-value-chain approach which highlights the
importance of global production networks and the increasing interre-
lation of consumption, production, and income across national bound-
aries through the trade of goods and services. We analyzed the value
added of production for a wide set of manufacturing products. This
was done through a newly developed accounting method in which we
built upon an input–output modeling of the world economy in the
tradition of Leontief. The results based on the WIOD show that, first,
international fragmentation in the production of manufactures has
been ongoing since 1995 as shown by increasing shares of foreign
value added in production. In particular, value added from outside
the region to which a country belongs has been rising fast. Second,
this has been accompanied by a rapid shift towards higher-skilled
activities in advanced nations. And third, these activities are increas-
ingly carried out in the services sector and no longer in the manufactur-
ing sector itself. As such, the shift contributes to the so-called job
polarization in advanced economies, as the displaced manufacturing
workers are likely to be absorbed into personal and distributional
services, where low-skilled employment opportunities are still growing
(Goos, Manning, and Salomons 2014). Emerging economies are
taking up increasing shares in global GVC income, much of which has
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been driven by rapid growth in China after its accession to the WTO in
2001.We also find increasing intertwining of manufacturing and services
activities, which argues against a myopic view of job creation in manu-
facturing or fears for deindustrialisation. Rather than focusing on the
particular sector in which jobs are lost or created, the discussion should
be led by a view toward the activities that are carried out in GVCs,
irrespective of the sector in which they are ultimately classified.
Thinking in terms of sectors is basically a relic of a world where fragmen-
tation of production, both domestically and international, had not pro-
gressed far.

Although the model to measure GVC income is relatively straight-
forward, it is clear that the validity of the findings relies heavily on the
quality of the database used. The contributions in Houseman and
Mandel (2015) provide a good overview of the various measurement
issues that arise, in particular in the context of international trade
flows. Possible solutions are discussed as well, indicating future prio-
rities of statistical programs. Alongside new measures of exports and
imports there is the ongoing need for high-quality series of national
input–output tables, as well as detailed accounts of the labor and
capital inputs into production. The KLEMS databases described in
this volume provide unique and indispensable information to analyze
the impact of trade and technological change on labor markets and
more generally welfare. The World KLEMS initiative is therefore
highly instrumental in bringing this work forward. We believe
that the future development of this type of data should ideally be
shouldered by its incorporation in regular statistical programs. Given
the international nature of the global input–output tables, this must
involve coordination by international agencies. Therefore we welcome
the current OECD-WTO initiative in taking this work forward in the
international statistical community (OECD andWTO 2013). Together
with national KLEMS-type database, the global input–output tables
will be an indispensable tool to understand future developments of the
global economy.
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