
Editor’s Overview

THIS MARKS THE 20th issue of the International Productivity Monitor (IPM). The Centre for the
Study of Living Standards would like to thank Industry Canada for the financial support that has
made the publication of the IPM possible over the past decade. 

This issue contains five articles on: the impact of
the economic crisis on potential output and pro-
ductivity growth in Canada; the sensitivity of esti-
mates of Canada-U.S. capital intensity and
multifactor productivity gaps to depreciation
assumptions; a sectoral and provincial decomposi-
tion of Canada’s post-2000 labour productivity
slowdown; the role of creative destruction in Finn-
ish productivity performance; and the influence of
public policy on manufacturing productivity
growth in India.

Potential output growth is determined by three
factors: labour force growth, growth of capital ser-
vices, and multifactor or total productivity growth.
In the first article, Marcello Estevão and Evridiki
Tsounta from the International Monetary Fund
investigate the impact of the financial crisis on
potential output growth in Canada. They find that
potential growth fell 1.1 percentage points from an
average annual rate  of 2.6 per cent in 2005-2008 to
1.5 per cent in 2009 because of the large fall in
investment, and hence capital services, caused by
the recession. By 2015, potential growth is pro-
jected to return to 2.0 per cent, still below the pre-
crisis growth rate, largely because of slower labour
force growth due primarily to the aging of the pop-
ulation. Total factor productivity growth been rel-
atively unaffected by the crisis as it remains in the
0.3-0.4 per cent per year range throughout the
2005-2015 period.

It is conventional wisdom that Canada’s lower
labour productivity level relative to the United
States reflects both lower levels of capital intensity
and lower levels of multifactor productivity. In the
second article, Jianmin Tang and Someshwar
Rao of Industry Canada and Min Li from Statistics

Canada challenge this conventional wisdom and
report that lower multifactor productivity accounts
for all the gap. The standard results arise from use
of the official depreciation rates in the calculation
of the capital stock estimates.  The depreciation
rates used by Statistics Canada for the Canadian
capital stock estimates are higher than those used
by the Bureau of Economic Analysis for the U.S.
estimates, especially for structures. When the same
depreciation rates are used to estimate the capital
stock in the two countries (either the Canadian or
the American rates), Canada’s capital intensity rel-
ative to the United States increases significantly,
exceeding the US level for total capital. It is impor-
tant to note, however, that it is the doubling of Can-
ada’s relative capital intensity for structures that
drives this result and, even with the same depreci-
ation assumptions in the two countries, there still
remain a large machinery and equipment and ICT
capital intensity gap.

Canada’s post-2000 labour productivity perfor-
mance has justifiably been characterized as abys-
mal. Business sector output per hour has advanced
at an average annual rate of only a 1.1 per cent
between 2000 and 2007, compared to 3.2 per cent
per year in 1997-2000. To develop policies to
improve this situation, it is essential that the nature
of this development be well understood. Working
with Statistics Canada, the Centre for the Study of
Living Standards (CSLS) has developed a large
database that provides productivity estimates at the
two and three digit NAICS level by province for
the 1997-2007 period. In the third article, Andrew
Sharpe and Eric Thomson from the CSLS exploit
this database to identify contributions to the labour
productivity growth slowdown between the 1997-
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2000 and 2000-2007 periods by province and by
industry. They find that manufacturing made the
greatest contribution to the slowdown (53 per
cent), followed by agriculture, forestry, fishing
and hunting (15 per cent).  From a provincial per-
spective, Ontario accounted for by far the largest
share of the slowdown (62 per cent), followed by
Quebec and British Columbia (both 12 per cent).
The manufacturing sector in Ontario alone was
responsible for approximately one third of the
Canada-wide slowdown. Weaker demand growth
for manufacturing products after 2000 resulted in
much reduced manufacturing output growth, with
a negative effect on labour productivity growth.

Finland has experienced robust productivity
growth in recent years and is often put forward as a
model for other countries to emulate. In the fourth
article, Mika Maliranta from The Research Insti-
tute of the Finnish Economy (ETLA) and the
Jyväskylä University School of Business and Eco-
nomics and Petri Rouvinen and Pekka Ylä-Ant-
tila, both from ETLA, make the case that Finland’s
success is due to an intensification of the creative
destruction process whereby low productivity
firms exit or die, high productivity firms enter or
are born, and workers within a sector move from

low productivity to high productivity continuing
firms.  These productivity-enhancing dynamics
have their roots in a number of public policies,
including the opening up of the Finnish economy
to market forces, both internally and externally,
and strong public support for R&D and education. 

After decades of relative stagnation, productiv-
ity growth in India’s manufacturing sector has
picked up considerably. In the fifth and final arti-
cle of this issue, Abhay Gupta from MITACS pro-
vides an innovative explanation for the weak
productivity growth experienced by this sector
before the 1990s. He shows how the co-existence
of the import permit quota system and labour mar-
ket rigidities distorted the resource allocation pro-
cess and resulted in the underutil ization of
materials relative to labour. The reform of this
import licensing system in the 1990s removed this
distortion and contributed to stronger labour pro-
ductivity growth in a number of industries. The
author also discusses how labour laws that make it
difficult to dismiss workers continue to lead to less
than optimal factor allocation decisions in Indian
manufacturing, and result in an underutilization of
labour despite a large pool of unskilled workers.
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Canada’s Potential Productivity 
and Output Growth: A Post-Crisis 
Assessment

Marcello Estevão and Evridiki Tsounta1

International Monetary Fund

ABSTRACT
This study investigates the impact of the current financial crisis on Canada’s potential GDP
growth. Using a simple accounting framework to decompose trend GDP growth into changes
in capital, labour services, and total factor productivity, we find a sizeable drop in Canadian
potential growth rate in the short term. The estimated decline of about 1 percentage point
originates from a sharply decelerating capital stock accumulation (as investment has dropped
steeply). However, over the medium term, we expect Canada’s potential GDP growth to
gradually rise to around 2 per cent, below the pre-crisis growth rate, partly reflecting the
effects of population aging.

RÉSUMÉ
L'étude examine l'impact de la crise financière actuelle sur la croissance du PIB potentiel du
Canada. Au moyen d'un cadre comptable simple servant à décomposer la croissance du PIB à
long terme selon les changements dans le capital, les services de main-d'œuvre et la
productivité totale des facteurs, nous constatons une baisse appréciable du taux de croissance
potentiel du Canada à court terme. La diminution estimée d'environ un point de pourcentage
s'explique par la forte décélération de l'accumulation du capital-actions (étant donné que les
investissements ont beaucoup chuté). Toutefois, à moyen terme, la croissance du PIB
potentiel du Canada devrait s'élever progressivement à environ 2 %, en deçà du taux de
croissance avant la crise, partiellement en raison des effets du vieillissement de la population.

POLICY MAKERS NEED ACCURATE ESTIMATES of
the amount of economic slack, but this usually
difficult exercise has become even harder during
the ongoing financial crisis. The most common
measure of slack is the output gap, i.e. the differ-
ence between actual production and a notional
amount that could be produced using all available

resources without strains on their price — the
potential output of a country. With this measure at
hand, monetary and fiscal authorities can evaluate
inflationary and structural fiscal pressures. In par-
ticular, the timing of exit strategies from the
unusual level of policy stimulus in developed
economies depends closely on the size of this gap.

1 Marcello Estevão is Deputy Chief in the North America Division at the International Monetary Fund. Evridiki
Tsounta is an economist in the North America Division. The authors are grateful to Charles Kramer, Nicoletta
Batini, Lev Ratnovski, Isabelle Amano, Bing-Sun Wong, seminar participants at Finance Canada, and three
anonymous referees for their useful comments and insights. We are particularly indebted to Natalia Barrera for
all her research support in undertaking this project. Thomas Dowling and Geoff Keim provided excellent
research assistance, while Joanna Meza-Cuadra and Hildi Wicker-Deady provided production assistance. The
views expressed in this article are those of the authors and do not necessarily represent those of the IMF or IMF
policy. All remaining errors are ours. This article is an updated and revised version of Estevão and Tsounta
(2010). Emails: mestevao@imf.org, etsounta@imf.org.
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However, potential output is not directly observ-
able and economists need to take a stance on how
its determinants will evolve, including future cap-
ital accumulation, equilibrium unemployment
rates, and total factor productivity (TFP). In the
current juncture, the uncertainty surrounding
these estimates is especially large as it is hard to
measure the impact of severe financial shocks on
these variables. Other factors (e.g. sectoral reallo-
cation) are also at play.

This article assesses the impact of the recent
financial crisis on Canada’s potential growth. For
example, tighter credit conditions could have
deterred efficient capital allocation and possibly
slowed Canadian potential growth. The protracted
recession and tighter financial conditions had
already hurt total private fixed investment (down
18½ . per cent from peak to trough during the crisis
and recently still 13 per cent below pre-crisis peak
levels) and thus capital accumulation, while a
higher unemployment rate has potentially affected
equilibrium rates of unemployment — both lower-
ing potential growth. While the cyclical impact of
the financial crisis on TFP has so far been positive,
the lukewarm past TFP performance in Canada
does not point to encouraging performance moving
forward.2 Thus, bearing in mind the downward
pressures on potential growth from trends in the
working-age population (mostly from aging) and
hours worked per worker (a secular trend), we esti-
mate that potential GDP growth rate in Canada has
declined significantly in 2009 and 2010 as a result
of the crisis (by 1 percentage point), and will grad-
ually rise to 2 per cent by 2015 (below the esti-
mated 2.4 per cent potential growth for 2008). The
potential GDP level would suffer a permanent
decline of about 2 per cent vis-à-vis a no-crisis sce-
nario, a modest loss compared to previous finan-

cial crises in industrialized countries (Cerra and
Saxena, 2008, and IMF, 2010).

The article is structured as follows. The first sec-
tion describes what theory predicts would be the
impact of the crisis on potential GDP growth,
while section two reviews recent empirical find-
ings on this impact. The next two sections look at
Canada’s labour productivity and non-accelerating
inflation rate of unemployment (NAIRU) perfor-
mance over the years given their interlinkages with
potential GDP growth rate, while section five
describes a simple framework to decompose and
project potential GDP growth rate. The results,
compared and contrasted with other studies, are
presented in section six, while section seven com-
pares our findings with Canada’s previous down-
turns. The final section concludes and offers some
policy implications.

Some Theoretical 
Considerations

In the short term, a sizeable drop in Canadian
potential growth could originate from the sharply
decelerating capital stock accumulation (as invest-
ment has dropped steeply) and rising long-term
unemployment, which would raise equilibrium
unemployment rates.3

However, in general, theory does not predict a
particular effect of the financial crisis on potential
output:
• The impact of the crisis on labour input is

unclear. On the one hand, a long and deep
recession could cut the potential labour force
by discouraging labour participation and
migration flows (European Commission,
2009; Elmeskov and Pichelman, 1993). On the
other hand, the huge depletion of savings fol-
lowing the stock market and housing decline
could potentially encourage workers to extend

2 Estevão and Severo (2010) find a negative correlation between financial shocks and TFP growth for the United
States and Canada.

3 Our analysis partly takes into account the indirect effects on potential output of stabilization policies in
response to the crisis, given that we use actual data up to 2009 (when most of these policies were imple-
mented). For a more detailed discussion of the indirect effects of stabilization policies on potential output
in OECD countries, see Furceri and Mourougane (2009). 
4 N U M B E R  2 0 ,  F A L L  2 0 1 0  



their working life past their originally planned
retirement age or induce idled secondary earn-
ers to enter the labour market.4 Debelle and
Vickery (1998) show that the latter effect is
particularly relevant to explain the labour
force participation of female secondary-earn-
ers. We also expect a temporary increase in the
non-accelerating inflation rate of unemploy-
ment (NAIRU, also referred to as structural
unemployment in this article) from the crisis
given possible hysteresis effects (Ball, 2009;
Blanchard and Summers, 1989). The effect on
the NAIRU and any changes in the participa-
tion rate are expected to be only temporary and
not affect medium-term trends, given that
labour markets are quite flexible in Canada.5

Beyond the crisis, demographic forces will
mitigate the positive contribution to potential
growth from labour input.6

• The impact of the crisis on capital accumula-
tion could be significant. Financial crises
lower incentives to invest because of decreas-
ing sales and raising uncertainty on investment
returns and risk premia. In addition, credit
supply is, in general, lower during a financial
crisis, reflecting tighter lending standards for
corporations (both in terms of price and non-
price factors) as financial institutions work to
fix their balance sheets. Canada has indeed
experienced a large drop in investment since
mid-2008, which has provoked much slower
growth in the capital stock and, thus, lower
potential growth. The longer-term effects on

investment will depend on the persistence of
high capital costs and on investors’ attitudes
towards risk.

• The impact on TFP is uncertain a priori. On
the TFP front, Canada has lagged the United
States in both level and growth rate terms, and
the current crisis is not projected to ameliorate
these gaps. In theory, TFP could be negatively
affected by the crisis if economic uncertainty
and higher capital costs deter private invest-
ment in R&D and innovation which, as indi-
cated by the OECD (2006) is already low in
Canada by international comparisons. On the
other hand, firms might decide to undertake
reforms and restructuring to improve effi-
ciency given the crises, boosting TFP. The
final effect on TFP growth could depend on
industry characteristics. For instance, Estevão
and Severo (2010) show that financial shocks
affect TFP growth through their effect on fac-
tor allocation, which in turn depends on an
industry’s degree of reliance on external fund-
ing and whether the financial shock affects
firms differently within each industry. The
model presented shows that industry-level
TFP growth would decline if banks’ tightened
lending standards affect the cost of raising
capital differently across firms within an
industry. Using data for 31 industries in the
United States and Canada for the 1997-2007
period, they show that financial shocks indeed
tended to lower TFP growth.

4 In the first quarter of 2009, household net worth was down C$52.3 billion in Canada from its peak in the third
quarter of 2008 and over $16.8 trillion in the United States from its peak in the third quarter of 2007. The fall in
household net worth in Canada represented 3.4 per cent of nominal Canadian GDP at market prices in 2009,
while the drop in the United States represented 119.0 per cent of nominal U.S. GDP in 2009.

5 Balakrishnan (2008) finds that Canada's labour market is as efficient as that in the United States. Labour
market flexibility is reflected in the significant and immediate impact of the Canadian downturn on the
unemployment rate, which increased from 6.2 per cent in September 2008 to 8.7 per cent in August 2009. 

6 Statistics Canada’s baseline projections (see Appendix for more details) indicate that between 2006 and
2011, working-age population will rise by a cumulative 4.4 per cent compared to a 13 per cent increase in
the elderly population. This discrepancy increases over time; by 2031, the elderly population more than
doubles (compared to 2006) while the size of the working-age population (aged 15-64) only increases 8
per cent. 
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Impact of Past Financial 
Crises on Potential Output

Past research suggests that financial crises could
permanently affect potential growth. Furceri and
Mourougane (2009), using a univariate autoregres-
sive growth equation for 30 OECD countries for
the period 1960–2007, find that financial crises
negatively and permanently affect potential GDP;
they show that a financial crisis typically lowers
potential GDP level permanently by 1.5–2.4 per
cent in a crisis-hit OECD country, with some coun-
tries having their potential output level declining
by as much as 4 per cent.7 They also find that the
magnitude of the effect increases with the severity
of the crisis. This is in contrast to Haugh et al.
(2009) who find mixed effects from crises on
potential  output,  based on an events-study

approach. Looking at a sample of EU and OECD
countries over the period 1970–2007, a recent
European Commission analysis (European Com-
mission, 2009) finds that each year of a banking
crisis (which lasts, on average, 3.9 years) is associ-
ated with about 0.5 percentage-point lower poten-
tial GDP per capita growth, with partial restoration
of growth rates during the recovery years. Thus,
there is a permanent loss in potential GDP level
(also found in IMF (2009a,b).8 Cerra and Saxena
(2008) estimate a permanent output loss of 4 to 16
per cent following financial crises in developed
and less-developed countries.

Financial crises result in large output losses with
protracted recoveries. Reinhart and Rogoff (2009)
reviewed several recent financial crises and found
that they are accompanied by recessions with large
losses in output and employment that last longer
than “typical” episodes by an average of one year.
Haugh et al. (2009) also find that during financial
crises output losses are typically two to three times
greater than during “normal recessions,” again with
a more protracted recovery. Cerra and Saxena
(2008) find that for 14 OECD countries, economic
contractions are not typically followed by fast
recoveries, with crises leading to lower long-term
growth.

Past crises had severe and long lasting effects on
Canadian output. For example, during the 1980s
recession (which was accompanied by a severe
housing downturn) the contribution of finance,
insurance, and real estate (FIRE) to Canadian GDP
growth was negative, while in the milder 1991
recession, FIRE output growth slowed from an
average of 3.8 per cent over 1990–91 to 2.5 per
cent in 1992.9 At the onset of the current crisis,
FIRE’s growth rate decelerated significantly but
did not turn negative, averaging around 1 per cent
in late 2008 and early 2009, before rebounding

7 Their sample includes the recent crises in the United States and the euro area, as well as crises in Spain (1977),
Norway (1987), Finland (1991), Sweden (1991), Japan (1992), Australia (1989), Canada (1983), Denmark
(1987), France (1994), Germany (1977), Greece (1991), Iceland (1985), Italy (1990), New Zealand (1987),
United Kingdom (1974,1991,1995) and United States (1984).

8 For a more extensive discussion on recent literature analyzing the effects of financial crises on GDP and
potential GDP growth, see European Commission (2009) and IMF (2009a, b).

f Finance, Insurance, and Real Estate 
h in Canada, 1982-2010
ints)

alytics and authors' estimates.
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strongly, possibly relating to the underlying
strength of the FIRE sector in Canada (Chart 1).

Productivity Developments in 
the Canadian Business Sector10

Labour productivity growth has slowed signifi-
cantly in the Canadian business sector in the last
decade. Baldwin and Gu (2009) analyzed labour
productivity growth in the business sectors of Can-
ada and the United States between 1961 and 2008.
They found that over the past 50 years, labour pro-
ductivity in Canada has increased by around 2 per
cent per year, compared with 2.3 per cent in the
United States. However, in recent years, the gap in
productivity growth rates between the two countries
has widened steadily. From 2000 to 2008, labour
productivity in Canada's business sector increased
at an annual average rate of 0.7 per cent versus 2.6
per cent in the United States. This is in sharp con-
trast with the Canadian performance prior to the
mid-1980s, when Canadian productivity grew faster
than in the United States. Between 1961 and 1980,
labour productivity in Canada increased 2.9 per cent
a year on average, faster than the rate of 2.5 per cent
in the United States. More recently, between 1997
and 2000, Canadian labour productivity grew by 3.2
per cent per year before decelerating significantly to
a mere 1.1 per cent in 2001 and declining by 1 per
cent in 2008.

Using a production function approach, past
research finds that the recent slowdown in Cana-
dian labour productivity growth is linked to a
slowdown in TFP growth.  Baldwin and Gu
(2009) find that the recent labour productivity
slowdown is explained by slower TFP growth
while earlier declines were mostly driven by
lower contribution from capital deepening, as
defined by the growth in the capital-labour ratio.
They f ind that  Canadian TFP has actual ly

declined in recent years; from growing by an
annual average of 0.3 per cent between 1980 and
2000 to declining by 0.6 per cent per year in the
2000-08 period (with the Canada-U.S. labour
productivity growth gap 1.9 percentage points
per year in the 2000–08 period).11 Statistics
Canada (2007a) finds that TFP growth was an
important driving force behind U.S. labour pro-
ductivity growth in recent years: at 1.5 per cent
a year during 1996–2006 labour productivity
growth was more than double the Canadian fig-
ure (0.6 per cent). Rao et al. (2008) also find that
most of the widening gap between Canadian and
U.S. labour productivity is explained by TFP
performance.

Turning to a sectoral view of productivity devel-
opments, past research has found mixed evidence
on the source for the performance gap between the
two countries. Cardarelli and Kose (2004) find that
the widening labour productivity gap between the
United States and Canada over the 1990s is a
reflection of different evolution of industrial struc-
tures: the United States has benefited from dra-
matic labour productivity acceleration in the
service sector, magnified by the larger share of ser-
vices in U.S. production. Cardarelli (2004) finds
that two key service sectors account for most of the
gap, namely trade, and finance, insurance and real
estate (FIRE). On the other hand, Baldwin and Gu
(2009) claim that the recent Canadian labour pro-
ductivity growth slowdown is primarily explained
by a weaker performance in mining, oil and gas
extraction as well as in manufacturing, possibly
related to an appreciating Canadian dollar.12 The
former accounts for 0.6 percentage point of the
post-2000 deceleration in labour productivity
growth while manufacturing accounts for 0.5 per-
centage point. They claim that the slowdown in

9 The 1980s crisis was not characterized by a credit crunch, while the recent crisis included a credit crunch, and is
thus often referred to as a financial crisis. 

10 While this section and the productivity discussion, in general, focus on the business sector, our overall
analysis is for the total economy, which includes the non-business sector.

11 Baldwin and Gu (2009) estimate that the average annual growth rate of TFP in the United States over the
period 1961-2008 was 0.9 percentage points higher than in Canada. 
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FIRE is only responsible for 0.2 percentage point
of the deceleration in labour productivity growth. 

In contrast, Sharpe (2010) finds that Canada's
weak post-2000 productivity performance is not
attributable to a reallocation of labour toward min-
ing, oil and gas, a sector with low productivity
growth. Rather, it was the fall in labour productiv-
ity growth in manufacturing that accounted for all
of the slowdown in business sector productivity
growth after 2000. Thus, Ontario has contributed
disproportionately more to the slowdown (Sharpe
and Thomson, 2010a,b). On the other hand, Rao et
al. (2005) assert that it is hard to isolate the factors
explaining the slower Canadian productivity
growth in recent years given numerous factors at
play at the same time including a productivity col-
lapse in ICT-producing industries, cyclical factors,
rapid increase in commodity prices, and the appre-
ciation of the Canadian dollar.

Labour productivity rebounded in 2009 and
2010, after declining in 2008 by 0.9 per cent (for
the business sector). The decline in business labour
productivity in 2008 originated mostly from the
goods-producing sector, in particular construction
and manufacturing. The decline in manufacturing
labour productivity has also continued in early
2009, while there has been a sharp reversal in
recent quarters (rising by over 7 per cent in the first
half of 2010). Labour productivity in the construc-
tion sector had initially rebounded in early 2009
(reflecting the strong recovery in the housing mar-

ket) but has since retrenched considerably.13

Labour productivity growth in the services sector
held better during the crisis, although there have
been large declines in wholesale trade and FIRE.
Under this sectoral approach, subdued activity in
the FIRE sector must have affected potential
growth via two channels: a direct effect through
lower growth in the output of FIRE (which contrib-
uted about a fourth of aggregate output growth in
the last decade); and an indirect effect through
reduced activity elsewhere in the economy, as
credit tightening raised capital costs.

Canada’s NAIRU
Analysts have a range of estimates for the

NAIRU in Canada, but there is a consensus that it
had been declining up to the beginning of the cur-
rent crisis.14 Richardson et al. (2000) find that the
NAIRU has been declining steadily in Canada.
Rose (1988) estimates that the NAIRU was about 8
per cent at the end of 1987 in Canada, but notes
factors working to reduce it over the medium term.
Sharpe and Sargent (2000), after summarizing the
work of various authors, indicate a strong consen-
sus that structural unemployment has fallen in the
1990s. Estimates of the Canadian NAIRU range
from a high of 9.5 per cent to a low of 6.5 per cent
with the average estimate being 7.7 per cent
(OECD 1996) in the mid-1990s.15 Fortin (2000)
finds that during the 1990s, the lowest sustainable
rate of unemployment (LSRU) in Canada declined

12 The importance of the mining sector in explaining the slowdown in Canadian TFP is also consistent with Statis-
tics Canada’s findings (cited in Sharpe and Arsenault, 2009) that Alberta’s annual labour productivity growth
was the slowest in Canada during 1997-2007 (at 1.0 per cent), closely followed by British Columbia at 1.2 per
cent. Ontario and Quebec were at the middle of the sample, with an average annual labour productivity growth
rate of around 1.7 per cent, while Newfoundland was leading with almost 5 per cent annual growth. In terms of
TFP performance, Alberta’s TFP declined by an annual average of 1.6 per cent, while again Newfoundland was
leading with annual TFP growth of over 4 per cent during the same period. Quebec and Ontario’s TFP growth
was around 0.9 per cent per annum while British Columbia’s TFP has been growing by around 0.5 per cent per
year, one-tenth of a percentage point above the national average. For the latest estimates of the levels and
growth rates of labour, capital and multifactor productivity for the Canadian provinces by industry for the 1997-
2007 period, see Sharpe and Thomson (2010a).

13 Tsounta (2010) provides a discussion of recent developments in the Canadian housing market.
14 Estimates of the NAIRU in general are very sensitive to methodological choices (Setterfield et al., 1992;

Staiger et al., 1997) and therefore should be interpreted with considerable caution. Finance Canada defines
that “structural unemployment occurs when workers are unable to fill available jobs because they lack the
skills, do not live where jobs are available, or are unwilling to work at the wage rate offered in the mar-
ket.” Jackson (2005) discusses studies estimating the NAIRU in Canada. 

15 The large range of estimates indicates the degree of uncertainty in estimating this unobservable series. 
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from the 7.5 to 8 per cent range to around 6 per cent
by 2000.16 Sharpe (1996) estimates that a reason-
able estimate of the NAIRU in 1994 was around
7.5 per cent in Canada and around 6 per cent in the
United States. To explain the structural differ-
ences, the author examines unemployment insur-
a n c e  i n  b o t h  c o u n t r i e s .  I n  C a n a d a ,  t h e
unemployment insurance system is more generous
than in the United States, offering a higher benefit
replacement rate and more extensive coverage as
well as requiring less prior work than the typical
program in the United States. Research indicates
that the greater generosity of the Canadian system
lowers labour force participation and increases the
duration of unemployment in Canada relative to
the United States (Sharpe, 2001; Fortin and Fortin,
1999).17

Several reasons have been cited for the decline
in the NAIRU in the 1990s. Those include (i) a
drop in the relative size of the youth labour force
— a group experiencing above-average unemploy-
ment rates; (ii) higher average education level of
the labour force; (iii) deregulation in the domestic
economy, together with increased globalization in
the world economy, which has sharpened labour
and product competitiveness; and (iv) a decline in
unemployment insurance generosity both in terms
of lower benefits and stiffer eligibility criteria
(Fortin, 2000). Other factors that could potentially
explain a lower NAIRU include increased female
labour force participation rate since the mid-
1990s; Tsounta (2006) finds that reforms in the tax
and benefit system increased labour force partici-
pation for secondary earners in a household and

thus could be important in explaining the decline
in the NAIRU since the mid-1990s.

The NAIRU is estimated to have declined fur-
ther in the 2000s but the current crisis has prob-
a b l y  r a i s e d  i t  s o m e w h a t  a g a i n ,  a t  l e a s t
temporarily. Sharpe and Sargent (2000) point
out that the decline in the unemployment rate in
the 2000s below previous NAIRU estimates
coupled with low inflation rates indicate that the
structural rate of unemployment has fallen in the
2000s. However, with unemployment rates now
hovering around an 11-year high, and given the
protracted economic recovery, we conjecture
tha t  there  has  been  a  marg ina l  temporary
increase in structural unemployment of around
one-tenth of 1 per cent (given human capital
depletion) which should return to its pre-crisis
levels over the medium term, given Canada’s
flexible labour markets.18

A Simple Framework to 
Decompose and Project 
Potential GDP Growth

Aggregate data and trends show that potential
growth has been decelerating since 1999. Follow-
ing Barrera et al. (2009), we decompose potential
GDP growth into changes in (i) capital stock, (ii)
equilibrium capital utilization; (iii) trend hours of
work per worker;19 (iv) the equilibrium rate of
unemployment (or NAIRU); trend labour force
participation rate; (vi) working-age population
(aged 15-64); and (vii) trend TFP.20 The decompo-
sition begins by first calculating the logarithm of
the TFP level according to:

16 Within the old-fashioned vertical long-term Phillips curve framework, the LSRU concept (proposed by
Modigliani and Papademos, 1975) is the same as that of the NAIRU. But the LSRU is a broader concept than
the NAIRU since it can also apply to the non-vertical, long-term Phillips curves arising from theories such as
proposed by Eckstein and Brinner (1972); Tobin (1972); Akerlof, Dickens and Perry (2000).

17 Betcherman (2000) looks at evidence of the importance of labour market policies and institutions for
structural unemployment and finds that the generosity of the unemployment insurance system has been
systemically associated with higher levels of unemployment across OECD countries.

18 Canada’s labour market performance remains impressive during the crisis compared to the United States;
in the latter, unemployment rate is hovering around a 27-year high. The U.S. NAIRU is estimated to have
increased by around 1½ percentage points (Dowling, Estevão and Tsounta, 2010). 

19 In our analysis, workers include all persons working (i.e., including the self-employed). See appendix for
more details.

20 Details on data used and the methodology are provided in the Appendix.
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tfp = y- a ks - a ku - (1-a) l (1)
Where y is the logarithm of output, ks is the loga-
rithm of capital stock, ku is capital utilization
(proxied by a measure of capacity utilization in
industry estimated by Statistics Canada), l is the
logarithm of total labour hours, tfp is the logarithm
of TFP, and a is the average share of capital com-
pensation in value added (discussed in more detail
below). Once the logarithm of the TFP level is
obtained, the potential output level is calculated
as:
y*= a ks + a ku* + (1-a) h* + (1-a) (1-u*) + (1-a)
lfp* + (1-a) wap + tfp* (2)

Where h is average hours of work, u is the unem-
ployment rate, lfp is the labour force participation
rate, and wap is working-age population. Variables
with a * are trend values obtained using an HP fil-
ter for all series (to avoid end-of sample biases, we
filter a longer series including projections for each
variable according to the IMF World Economic
Outlook) assuming a smoothness parameter, ë, of
100—the traditional value for annual-frequency
data. 21 We use the actual capital and working-age
population series in the calculation for potential
output, as these variables cannot deviate from
notional “equilibrium” values in the short term
(unlike the unemployment rate and labour force
participation), i.e., they are “sunk” variables.
Results are qualitatively unchanged if we use
smoother versions of capital and working-age pop-
ulation growth. All variables refer to the total
Canadian economy, and growth rates are computed
from the estimated level of potential GDP. The
average share of labour compensation in value
added used in the calculation as a proxy for (1- a)
is equal to 0.62; according to Sharpe and Arsenault
(2009), the labour share in Canada hovers around

0.6 with the capital share around 0.4 (see also
Sharpe et al. (2008) for more details). 22 Data on
capital are taken from the OECD Economic Out-
look database and labour data are based on Statis-
tics Canada’s Labour Force Survey.

Past data illustrate, in particular, ongoing demo-
graphic shifts and broad TFP trends. The data show
clearly that, even before the crisis, growth in work-
ing-age population and hours worked per worker
had been declining, while the NAIRU was falling
and participation rate was rising (given the reforms
of the 1990s in employment insurance and tax and
benefit systems analyzed earlier). On net, trend
labour input growth declined in the last years of the
sample while filtered TFP growth rate does not
show large variations.

We find that the crisis has slowed down poten-
tial growth mostly due to slower capital accumula-
tion and to a much lesser extent due to reduced
labour services growth. Moving forward, we
project that capital accumulation would return to
more normal growth levels, although the contribu-
tion of labour services to potential GDP growth
would remain moderate given the aging of the pop-
ulation. The exact path for each variable should be
seen as illustrative, but it is consistent with the
experience of past crises as indicated in the next
section and broadly in line with the earlier discus-
sion of theoretical issues and the available research
on the topic. Notice that in the absence of a final
verdict on TFP growth given the different factors
discussed before, we opted to keep it relatively
unchanged throughout the crisis and subsequent
period. Key factors determining future potential
growth are discussed below.
• We forecast a 5.1 per cent increase in gross

private fixed investment in 2010 (after falling

21 For a discussion of the advantages and disadvantages of using statistical filters to estimate potential output, see
Cotis et al. (2005). Possible extensions of the study could include using different filtering techniques, for
instance a lower smoothness parameter as suggested by Ravn and Uhlig (2002). Estevão and Tsounta (2010)
projected the trend variables instead of filtering the longer series and came up with similar results to those pre-
sented here. 

22 Robidoux and Wong (2003) indicate that the TFP gap between the United States and Canada might be
smaller when using time-varying capital and labour income shares. Throughout the analysis we choose to
keep the income shares constant so as to isolate the impact of income share changes to potential GDP
growth changes. 
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by 16 per cent in 2009), 23 mimicking the sub-
dued recovery experienced after the 1982
recession and consistent with ongoing global
economic uncertainties, low levels of capacity
utilization, and still-tight lending conditions.
Following these sharp declines, the invest-
ment/output ratio is set to return slowly to near
pre-crisis levels at the end of the forecast hori-
zon (about 18 per cent).24 Using a perpetual
inventory method based on a historical rate of
depreciation of around 8 per cent a year, we
obtain a forecast path for the growth in the
capital stock.25 The weak investment dynam-
ics are key to future potential growth, as our
forecast is predicated on (i) protracted tight
financial conditions internationally, which is
important for Canadian firms that rely on U.S.
sources for raising around 25 per cent of their
capital (IMF, 2008) and (ii) recovery in for-
eign demand given the global and, particu-
larly, the U.S. economic outlook. These
assumptions are in line with those of the Euro-
pean Commission (2009), which finds that for
past EU crises the contribution of capital accu-
mulation to potential growth does not slow
down significantly over the long-term, though
there is a short to medium-run deceleration in
capital accumulation in the aftermath of the
crisis.

• By fitting an HP filter to actual Canadian unem-
ployment rates (and correcting for end-of sample
bias by filtering the historical and projected
series), we estimate a measure of the NAIRU

(Chart 2). This procedure has the advantage of
being simple and appears to be consistent with
other estimates in the literature. For instance, we
observe the widely documented declining trend
in NAIRU over the 1990s and 2000s. Consistent
with the experience during past downturns, we
forecast a path that mirrors historical relation-
ships between filtered series and the actual
unemployment rate, though we take into account
the declining trend in working age population
over the medium term.

• Given the sharp increase in labour force par-
ticipation in the last decade, we are assuming

23 The sharp slowdown in capital accumulation reflected distressed banking systems worldwide and the global
financial instability which has led to considerable uncertainty and misallocation of resources.

24 The projections take into account the positive impact on private investment from the planned cuts in cor-
porate income tax (CIT) rate (to 15 per cent by 2012). While in the past, such cuts had a pronounced
impact on investment spending (e.g. from 2001 to 2004 the CIT rate declined by 5 percentage points
accompanied by an increase in the investment share (in per cent of GDP) from 20 to 23 per cent, these
effects are projected to be less muted at present given the uncertainties over the economic recovery. 

25 Statistics Canada (2007b) indicates that Canada’s depreciation rate is greater than the rates observed in the
United States due to higher depreciation in building and engineering construction. While both countries
have similar depreciation rates for machinery and equipment asset classes (18 per cent on average in the
United States and 20 per cent in Canada), there is a considerable difference between Canadian and U.S.
depreciation rates for buildings and engineering construction (U.S. rate is 3 per cent versus an 8 per cent
Canadian average). On the issue of depreciation rates in Canada and the United States, see Tang, Rao and
Li (2010).

Chart 2
Estimated NAIRU for Canada, 1980-2012
(per cent)

Sources: OECD and authors' calculations.
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that labour participation would remain essen-
tially unchanged over the medium term (fall-
ing by only a negligible amount  due to
population aging, as more older individuals
choose to remain longer in the labour force to
rebuild lost savings and more secondary earn-
ers choose to enter the labour market).

• Growth in working-age population (individu-
als aged 15–64 years) is set to decline slowly
in the next few years, according to projections
from Statistics Canada (baseline scenario, see
appendix for details).

• Average hours of work are assumed to con-
tinue their long-term downward trend in the
coming years.

• Equilibrium capacity utilization in Canadian
non-farm goods-producing industries (a proxy
for total economy capital utilization) has been
on a declining trend since the early 2000s,
after rising during the 1990s. For the remain-
ing forecast period, we assume it  would
remain essentially constant.

• Trend aggregate TFP growth is relatively
smooth, rising by around 0.4 per cent per year in
the last decade, after falling in the 1990s. Fol-
lowing the experience from past crises in Can-
ada, we do not expect TFP changes to be the
driving force behind long-run potential growth;
a minor decline in TFP growth is assumed over
the medium term given resource reallocations
within industries, and between industries and
provinces, which may affect productivity in the
near term. However, the immediate impact
from the crisis on TFP appears tame so far.26

Results
Our historical estimates of potential growth

rates are broadly consistent with those of the
Bank of Canada (Table 1) and the OECD (Chart
3). For example, Bank of Canada (2008) esti-
mates that Canada’s 2007 potential growth rate
was 2.6 per cent, in line with our estimate of
2.5 per cent, while in its 2002 Monetary Policy
Report (Bank of Canada, 2002), it had estimated
an average annual potential growth rate at 3 per
cent for the period 2002-03 (against our 2.7 per
cent). Bank of Canada (2005) also indicates the
declining trend in potential GDP growth from
around 4 per cent  in 1999 (our est imate is
3.8 per cent) to about 2.5 per cent (our estimate
is 2.7 per cent) in 2002. For 2008, however, the
Bank of Canada estimates that the potential
GDP growth rate was only 1.7 per cent (down
from 2.6 per cent in 2007) while our estimate is

26 For a discussion of trend TFP for industrial countries during financial crises, see Haugh et al. (2009). 

ut Growth Rate Estimates for Canada, 

d authors' calculations.

Table 1
Comparing Potential GDP Growth 
Estimates for Canada

Sources: Bank of Canada and authors' calculations.

2002-03 2007
Bank of Canada 3.0 2.6
Authors' Calculations 2.7 2.5
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at 2.4 per cent (slightly lower than our 2007
estimate at 2.5 per cent). Estimates of potential
GDP growth by the OECD and Bishop and Bur-
leton (2009) are also in line with our estimates.

Our productivity series is consistent with findings
from Statistics Canada for the period 1997–2007,
though its data refer to the business sector and the
decomposition methodology is somewhat different
than ours, requiring caution when comparing the
two statistics directly. 27 We also find that TFP
growth has increased by an average of 0.4 per cent
per year. However, unlike Statistics Canada we find
that TFP growth hovers around a 0.4 per cent rate
from 1997 to 2007; instead Statistics Canada finds
that for the business sector in the period 1997–2000
TFP was growing more strongly at 2 per cent per
year, while since 2000 TFP declined by about 0.2
per cent a year. Looking at more historical data, sim-
ilar to Robidoux and Wong (2003) and Armstrong et
al. (2002) we find that TFP stalled in the 1980s
(contracting at an annual average of rate 0.1 per cent
in the period 1977–1988).

Es t ima ted  po t en t i a l  ou tpu t  g rowth  l i e s
between 1.5 and 2 per cent during the next five
years (Charts 4-5 and Table 2). After being hit
severely by the capital growth dynamics and the
projected temporary increase in the NAIRU,
potential growth converges slowly towards
2 per cent in 2014 – below its pre-crisis average
— but consistent with estimates of potential
growth in the absence of the crisis. Before the
crisis, we had projected that potential growth
would fall towards 2 per cent as a result of pop-
ulation aging, stabilizing female labour force
participation following a persistently rising
trend since the mid-1990s, and the ongoing
restructuring of the Canadian industrial struc-
ture. The average potential growth rate for
2009–15 is estimated to be 1¾ per cent —
around 0.3 percentage point below our estimates
for potential growth in the absence of the crisis.

The resulting paths for the output gap and the
unemployment gap (defined as the difference
between actual unemployment rates and the
NAIRU) are shown in Chart  4,  and closely
mimic the performance in the 1980s crisis. The
output gap reaches its widest point in 2009 at
about similar levels as in the 1982 recession,
while the unemployment gap peaks in 2010
(given the usual lags in unemployment dynam-
ics).

Ultimate losses in potential output are in the
same range of previous research. As shown in
Chart 6, by 2015, potential output is expected
to be about 2 per cent (C$31.5 billion) below
the counterfactual level produced by assuming
a no recession scenario and a gradual decline in
potential GDP growth rate from 2.4 per cent in
2008 to 2.0 per cent by 2015 solely driven by
demographics (as assumed by the IMF WEO 

27 Statistics Canada considers capital services intensity—capital services per hour worked—instead of capital ser-
vices used in our decomposition. 

Chart 4
Output and Unemployment Rate Gaps in Can
2015

(per cent)

Sources: Haver Analytics and authors' estimates.
1 Unemployment gap is the difference between unemploy

non-accelerating inflation rate of unemployment (NAIR
2 Output gap is the difference between actual output and 
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projections before the crisis erupted).28 This
gap is in line with the ones observed after pre-
vious financial crises as documented in Furceri
and Mourougane (2009), but a bit lower than
the interval estimated by Cerra and Saxena
(2008) of 4 to 16 per cent permanent output
loss following financial crises in developed
and less developed countries.

Canada’s potential growth path closely mim-
ics the U.S. performance (Chart 7). European
Commission (2009) finds that potential growth
rates in the United States and the EU-12 coun-
tries (a proxy for the euro area) have generally
been trending downwards since the late 1980s,
with a pause in the United States in the mid-
1990s driven by the ICT-related upsurge, which
only lasted until 2000 (Barrera et al., 2009). We

28 The loss in potential output in 2015 would have been around 5 per cent assuming potential output grew from
2009 to 2014 at the same average rate observed in 2005-08. 

Table 2
Path for Potential Output Growth Components in Canada1

Sources: Haver Analytics, IMF, OECD, and staff estimates.
1 Output-labour elasticity assumed to be 0.6 and output-capital elasticity assumed to be 0.4, see Sharpe, Arsenault and

Harrison (2008).
2 The estimates are the average annual rate of change, not the total per cent change.
3 Non-accelerating inflation rate of unemployment. HP filter of civilian unemployment rate, 15-64 years (seasonally

adjusted).
4 Trend labour force participation rate calculated by applying the HP filter of the ratio between labour force and work-

ing age population.
5 Trend changes in annual hours work per worker is calculated by applying the HP filter of annual hours worked per

worker in the total economy.
6 Working-age population refers to Canadian population 15-64 years of age . Projections as published by Statistics

Canada.
7 Trend capacity utilization is calculated using data from Statistics Canada (detrended by HP-filter).

2005-
20082

2008 2009 2010 2011 2012 2013 2014 2015

Potential Growth, per cent change 2.6 2.4 1.5 1.6 1.6 1.8 1.9 2.0 2.0
Capital Services, per cent change 4.0 3.8 1.5 1.8 2.1 2.7 3.1 3.5 3.4
Labour Services, per cent change 1.1 0.9 0.8 0.8 0.7 0.7 0.7 0.7 0.7
NAIRU, percentage points3 7.1 7.0 7.1 7.1 7.1 7.0 7.0 6.9 6.8
Labour Force Participation Rate 0.2 0.1 0.0 0.0 0.0 -0.1 -0.1 -0.1 -0.1
Labour Force Participation Rate, 
percentage points4

78.0 78.1 78.2 78.2 78.1 78.1 78.0 77.9 77.8

Annual Hours Worked per Worker, 
per cent change5

-0.2 -0.2 -0.2 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1

Working Percentage Population, 
per cent change6

1.1 1.0 1.0 0.9 0.9 0.8 0.8 0.8 0.8

Total Factor Productivity, per cent 
change

0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3

Contributions to Potential Output Growth1 (percentage points)
Potential Growth 2.6 2.4 1.5 1.6 1.6 1.8 1.9 2.0 2.0
Capital Services7 1.5 1.5 0.6 0.7 0.8 1.0 1.2 1.3 1.3
Labour Services 0.7 0.6 0.5 0.5 0.4 0.4 0.4 0.4 0.4
NAIRU3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

Labour Force Participation Rate4 0.1 0.1 0.0 0.0 0.0 0.0 -0.1 -0.1 -0.1

Annual Hours Worked per Worker5 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1

Working Age Population6 0.7 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5
Total Factor Productivity 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3
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find that Canada’s potential growth rate closely
mimics the U.S. performance possibly reflecting
the close real and financial ties between the two
countries.29 Using European Commission esti-
mates for the United States and the EU-12 coun-
tries, we find that potential growth rates in 2008

in the EU-12 area, United States and Canada
were substantially lower compared with the year
2000 (1 percentage point lower in the EU-12
countries, 1.4 percentage points lower in the
United States, and around 1.2 percentage points
lower in Canada). Thus, the current crisis is only
exacerbating the last decade’s downward trend
in potential growth rates. Interestingly, while in
the past U.S. potential growth was somewhat
above Canada’s from 1982 until end-1990s, we
find that the situation reversed in the 2000s, and
should continue over the medium-term, given
the larger negative implications of the recent
crisis for the U.S. economy.

Our projections on potential GDP growth are
broadly in line with estimates from other research-
ers (Table 3). Despite some minor differences in our
NAIRU forecasts compared to the OECD, the shape
of potential growth estimates are essentially the
same for 2009 and 2010. Similarly, the Bank of
Canada’s (2010) estimate of potential growth is
only 0.3 percentage points lower than our estimate
for 2009 and it is the same for 2010 (the main differ-
ence lies in estimates for potential output in 2008).
Over the medium term, we have the same potential
growth outlook as the Bank of Canada (at around
2 per cent), though we have a more gradual recovery
in growth rates than expected by the Bank. Given
our higher rate of potential GDP growth for 2008,
we have a much higher output gap for 2009 (at
around 3¾ per cent of potential) versus 3 per cent
by the Bank of Canada. Similarly, our projections
are broadly in line with those released by Bishop
and Burleton (2009).

A Look at Past Canadian 
Recessions

The current recession closely mimics those
experienced in the 1980s and 1990s in terms of its
severity and composition (Tables 4 and 5). In the
1980s and 1990s recessions, capital services were

29 For a discussion of the methodology used to construct the U.S. potential growth series, see Barrera et al. (2009).
Our estimates of U.S. potential growth differ slightly from theirs, as we incorporate recent revisions in GDP
data which occurred after the publication of their study. 

 in Canada, 2000-2014
ained 2002 Canadian dollars)

lculations.

 Growth Rates in Selected Countries/
2009

lculations.
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-14.2 6.8
-13.9 13.4
the main force behind reductions in potential GDP.
In the 1982 recession, private investment fell by
13.7 per cent; an even larger decline happened in
2009 (Table 4). As indicated in Table 5, a large
decline in potential GDP growth resulted from this
deceleration in capital stock accumulation in 1982,
removing more than 1 percentage point from Can-
ada’s estimated potential growth. In contrast,
labour services and TFP contributions were essen-
tially unchanged during the 1980s and 1990s
recessions, as has been the experience during the
recent crisis. Moving forward, we expect the
recovery in potential GDP to closely mimic past
crises. Similar to the 1982 and 1991 recessions,
potential growth rate over the medium term does
not return to its pre-crisis levels, reflecting the
declining trend since the 2000s and demographic
developments.

Conclusion
This article estimates the impact of the recent

financial crisis on potential GDP growth in Can-
ada. According to our estimates, the economic cri-
sis has led to a sharp downward revision in
potential growth rate for Canada in 2009 and 2010,
making potential growth rate another victim of the
Great Recession. Bearing in mind the considerable
technical and economic uncertainties (also high-
lighted among others, in Koopman and Székely,
2009) we find that the immediate impact of the cri-

sis on potential GDP growth rate has been severe
— with a fall of around 1 percentage point in 2009.
The effects over the medium term are less clear: we
expect Canadian potential growth to gradually rise
to 2.0 per cent by 2015— a bit lower than its 2008
rate, with the decline partly reflecting the effects of
population aging.

What do our estimates imply for policymakers?
To start with, data suggest that Canada’s output
gap is still considerably large, implying that the
current accommodating stance for monetary and
fiscal policies should stay in place. Moving for-
ward, the crisis would have a permanent impact on
Canada’s potential GDP level, implying that poli-
cies to raise potential growth are essential. These
could include promoting private R&D investment
(which is low in Canada from an international per-
spective), facilitating internal trade, reducing for-

Table 3
Estimates of Potential GDP Growth Rate for Canada, 2007-2014
(per cent)

Sources: Parliamentary Budget Officer, Bank of Canada, Finance Canada, OECD, Bishop and Burleton (2009), and
authors' calculations.

1 Average for 2012-15 is projected at 2.3 per cent.

2007 2008 2009 2010 2011 2012 2013 2014
Authors' calculation 2.5 2.4 1.5 1.6 1.6 1.8 1.9 2.0
Department of Finance 
Canada

2.8 1.8 1.8 1.4 1.5 1.7 1.9 2.0

Bank of Canada 1.8 1.7 1.2 1.6 1.8 2.0 2.1 …
PBO 2.1 2.1 1.9 2.0 2.0 1.9 1.8 1.7
OECD 2.5 2.4 1.8 1.6 1.7 … … …
Bishop and Burleton1 … … 1.2 1.3 1.8 … … …

Table 4
Trends in the Growth Rate of GDP and Expe
Categories in Canada During Recent Recessi
(per cent)

Sources: Haver Analytics and authors' projections.

1982 1983 1991 1992
GDP -2.9 2.7 -2.1 0.9
Consumption -2.5 2.6 -1.6 1.5
Private Investment -13.7 -0.5 -7.1 -3.0
Government 
Spending

2.5 1.1 3.1 0.7

Exports -1.6 5.9 1.8 7.2
Imports -16.1 10.0 2.5 4.7
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eign ownership barriers where possible (including
telecommunications, airlines and broadcasting),
removing obstacles that hinder elderly labour force
participation (aged 65+), and ensuring that incen-
tives do not hinder firms from growing larger.30

That said, Canada’s outlook for potential
growth appears favorable by international com-
parison. The strong macroeconomic and finan-
cial stability frameworks in place have enabled
Canada to weather the crisis better than most
countries, and would be pivotal in supporting its

tial Output Growth Components During Recent Canadian Downturns1

alytics; IMF; OECD; and staff estimates.
lasticity assumed to be 0.6 and output-capital elasticity assumed to be 0.4, see Sharpe, Arsenault and Harrison (2008).
re the average annual rate of change, not the total percent change.
g inflation rate of unemployment. HP filter of civilian unemployment rate, 15-64 years (seasonally adjusted).
rce participation rate calculated by applying the HP filter of the ratio between labour force and working age population.
in annual hours work per worker is calculated by applying the HP filter of annual hours worked per worker in the total

pulation refers to Canadian population 15-64 years of age . Projections as published by Stats Canada.
utilization is calculated using data from Statistics Canada (detrended by HP-filter).
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recovery in the next few years. The authorities
are considering or are already implementing
many of the recommendations noted above as
highlighted in Advantage Canada (Finance Can-
ada, 2006) — the government’s economic plan
to increase Canada’s competitiveness. These
include lowering corporate income taxation (at
the provincial and federal level) and eliminating
capital taxes while they are considering the rec-
ommendat ions  of  the  Compet i t ion  Pol i cy
Review Panel (2008) to enhance competition
and productivity.
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Appendix: Data Sources
This appendix describes data used in the growth

accounting decomposition as given by equations
(1) and (2), where output (Yt) is defined as the
total-economy real Fisher chained GDP from Sta-
tistics Canada. All trend series have been obtained
by smoothing the raw series using the Hodrick-
Prescott filter.

Capital Services
Capital services are obtained by multiplying

trend capital stock by trend capacity utilization.
Trend capital stock is a smoothed version of the net
capital stock for the total non-residential economy
(volume) available from OECD Economic Out-
look No 87 (annual data).31 The trend capital
growth is the growth in the capital stock before the
adjustment for capacity utilization rate. Data on
capacity util ization in the industrial  sector
(NAICS: Total industry) are available from Statis-
tics Canada starting in 1988. In order to obtain a
longer capacity utilization series, the pre-1988
data are estimated using the growth rates of capac-
ity utilization for Non-farm Goods-Producing
Industries.

Labour Services
Labour Services are obtained by multiplying (1-

NAIRU) by trend labour force participation rate,
trend average annual hours worked per worker and
trend working-age population. All data are available
from Statistics Canada’s Labour Force Survey, where
NAIRU is the trend unemployment rate (both sexes,
15 to 64 years); labour force participation rate is the
ratio of labour force (both sexes, 15 to 64 years)
divided by working- age population (both sexes, aged
15 to 64 years); and average annual hours worked per
worker are constructed by multiplying actual hours
worked per week (all sectors) by 52 and dividing it by
total employment (both sexes, 15 years and over,
including self employed). Projections for working-
age population are based on the medium-growth sce-
nario Population Estimates and Projections of Statis-
tics Canada, available at: http://www40.statcan.ca/
l01/cst01/demo23a-eng.htm.

Trend TFP
Trend TFP level is estimated by applying an HP fil-

ter to raw TFP level as estimated in equation (1). 

31 The OECD’s estimates are based on historical series from the OECD Stocks and Flows of Fixed Capital
updated with a perpetual inventory method, using recent investment series and a constant ‘scrapping rate’. For
more details see Schreyer and Webb (2006). 
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Sensitivity of Capital Stock and 
Multifactor Productivity 
Estimates to Depreciation 
Assumptions: A Canada-U.S. 
Comparison

Jianmin Tang and Someshwar Rao
Industry Canada

and Min Li 
Statistics Canada1

ABSTRACT
This article provides consistent estimates for capital stock and multifactor productivity (MFP)
for Canada and the United States across major industries for the 1987-2007 period. For this
purpose, capital stock estimates are developed for Canadian and U.S. industries using the
same asset depreciation rates (either from the U.S. Bureau of Economic Analysis or from
Statistics Canada) for the two countries. The results show that on an hours worked basis
Canadian industries invest more in total capital than their U.S. counterparts. This situation
reflects much greater investment in structures, with less in machinery and equipment
(including information and communications technologies). The results imply that all of the
Canada-U.S. labour productivity gap arises from the multifactor productivity gap.

RÉSUMÉ
Cet article a pour objectif de présenter des estimations convergentes pour le Canada et les
États-Unis pour le stock de capital et de la productivité multifactorielle (PMF) dans
l’ensemble des grandes branches d’activité pour la période de 1987-2007. À cette fin, nous
avons élaboré des estimations du stock de capital pour les branches d’activité canadiennes et
américaines en utilisant les mêmes taux d’amortissement de l’actif (ceux du U.S. Bureau of
Economic Analysis et de Statistique Canada, selon le cas) pour les deux pays. Les résultats
montrent que les entreprises canadiennes investissent davantage par heure travaillée dans le
capital total que leurs contreparties américaines. Cette situation reflète plus de capital dans les
strucures et moins dans les machines et matériel (y compris les technologies de l’ínformation
et des communications). Les résultants impliquent que tout l’écart Canada-EU dans le niveau
de la productivité du travail vient de l’écart dans le niveau de la productivité multifactorielle.
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Statistics Canada detailed investment data. We are also grateful to Jay Dixon and four anonymous referees for
comments. Views expressed are our own and do not necessarily reflect those of Industry Canada, Statistics Can-
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THE UNITED STATES IS CANADA’S dominant trad-
ing partner and competes head to head for foreign
direct investment (FDI), innovation activities, and
skilled labour within the continent as well from
outside of the region. Hence, Canada needs to be
highly competitive in terms of productivity, costs,
and business and market framework policies and
programs.

In this context, there has been a great deal of
research and policy discussion over the past 20
years about Canada’s relative productivity per-
formance vis-à-vis the United States. Estimates
suggest that Canada’s labour productivity level
is considerably below the U.S. level and that the
gap has widened since 2000 (Lee and Tang,
2000; Rao et al., 2004, 2008; Baldwin, Gu and
Yan, 2008). The research also suggests that the
Canada-U.S. labour productivity gap is broadly-
based across major Canadian industries, and is
the result of a multifactor productivity (MFP)
(innovation) gap.

Comparable and consistent estimates of capital
stock by industry are needed for accurate Canada-
U.S. MFP comparisons and to understand the rea-
sons behind Canada’s relative MFP performance
on an industry basis.2 Current Statistics Canada
geometric depreciation rates, which are key
parameters underlying capital stock estimates, are
in general higher than those used by the Bureau of
Economic Analysis (BEA) for the United States
(Table 1)3, particularly for building and engineer-
ing structures.4 Given similar economic organiza-
tion and production in the two countries, the large
variation in certain asset depreciation rates
between the two countries cannot be explained by
country specifics such as differences in climate.5 

If we use the “official” capital stock data from Sta-
tistics Canada and the BEA for comparing MFP lev-
e l s  be tween  the  two  count r i es ,  we  would
underestimate Canada’s capital intensity relative to
the U.S. level, which in turn would overestimate Can-
ada’s relative MFP levels.

The primary objective of this article is to develop
capital stock estimates for Canadian and U.S. indus-
tries using the same depreciation rates for the two
countries. In particular, we address the following
three policy research questions or issues:
• Should current official capital stock data be

used for Canada-U.S. industry capital inten-
sity and MFP comparisons?

• How are the Canada-U.S. industry capital
intensity comparisons affected when we use
either Canadian or U.S. depreciation rates for
estimating capital stock data in both coun-
tries?

• How do Canadian industries perform relative
to their U.S. counterparts in terms of MFP
(growth rates and levels) when consistent esti-
mates of capital stock data are used?

Note that this article does not make any attempt to
justify favoring either Statistics Canada or BEA
depreciation rates for estimating capital stock
series. This is beyond the scope of our research.
Instead, it simply compares Canada’s performance
in capital intensity as well as multifactor productiv-
ity when either Statistics Canada or BEA deprecia-
tion rates are used for both countries. 

In the first section, we use either Statistics Can-
ada or BEA depreciation rates in estimating capital
stock at the industry level in both Canada and the
United States, and then compare them to the offi-
cial estimates. In sections 2 and 3, we estimate
Canada’s MFP growth and levels at the industry

2 Statistics Canada produces several estimates of capital stock using different assumptions about the depreciation
patterns and service lives of assets. For our U.S. comparisons, we only discuss capital stock estimates based on
the geometric depreciation profile. 

3 All tables are found at the end of this article
4 Engineering structures provide the foundation capital for railways, utilities, oil and gas, and pipelines,

while building structures include manufacturing plants, commercial offices, hotels, and retail and whole-
sale facilities.

5 The next section will provide more discussion of capital stock estimation in Canada and the United States.
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level, and compare the results with the United
States. The final section summarizes the key find-
ings and discusses their research nd policy impli-
cations.

Estimating Capital Stock
In this section, we compare and discuss capital

stock estimates based on Statistics Canada and
BEA geometric depreciation rates. At the outset, it
should be noted that only non-residential machin-
ery and equipment (M&E) capital and structures
capital (building and engineering construction) are
included. Owner-occupied dwellings, inventories,
and non-depreciable land are excluded from the
estimates.

The Perpetual Inventory Method
Capital stock is commonly estimated using the

perpetual inventory method: 
(1)

where  is the 2002 chained Fisher dollar
investment in asset a of industry j at year t,  is

the depreciation rate for asset a, and   repre-
sents the capital stock in 2002 chained Fisher dol-
lar.

The perpetual inventory method of estimating
capital stock shows that the level of capital stock is
sensitive to the depreciation rate, which depends
on the age profile of the asset. The BEA has
adopted the geometric depreciation pattern, which
predicts that assets depreciate faster in the early
years of their service life than in the later years.
There is evidence showing that the geometric
depreciation profile is a good approximation of the
aging profile for both M&E and structures (e.g.
Hulten and Wykoff (1996) for the United States
and Patry (2007) for Canada). 

Under the geometric depreciation profile, the
depreciation rate is calculated as the ratio of the
declining balance rate to the service life of the asset.
For the United States, the BEA generally uses a
declining balance rate of 1.65 for M&E assets and
0.9 for structures. 6 Before 2006, Statistics Canada
more or less followed the BEA and produced Can-
ada’s capital stock estimates under the geometric

Kjt
a Kj,t-1

a 1 δa–( ) Ijt
a+=

Ijt
a

δa

6  They are derived from a variety of sources (Fraumeni, 1997).

Kjt
a

Chart 1
A Comparison of Depreciation Rates by Asset Type
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depreciation profile. The estimates were thus fairly
comparable to the BEA capital stock estimates.
After November 2006, however, Statistics Canada
adopted new depreciation rates estimated by Statis-
tics Canada (2007).7 Basically, under the new geo-
metric depreciation profile, the declining balance
rates are significantly larger and the services lives
are significantly shorter than the ones used by BEA.
As a result, the new depreciation rates are generally
larger than the old rates, especially for structures. 

Table 1 reports Statistics Canada’s new depreci-
ation rates and the implicit BEA depreciation rates
for 28 assets. These rates are derived from Statis-
tics Canada research, which compares Canadian
and U.S. depreciation profiles for a diverse set of
assets (Statistics Canada, 2007). The resulting new
Canadian depreciation rates are on average slightly
higher than those used by the BEA for M&E (23.3
per cent versus 20.7 per cent), and are significantly
higher for building and engineering construction
(7.8 per cent versus 3.2 per cent) (Chart 1).

Because of  the  substant ia l  d i fference in
depreciation rates between Canada and the United
States,  the official  capital  stock estimates,
especially in terms of levels, are not comparable
between the two countries.  To resolve this
problem, this article uses the same depreciation
rates, either from Statistics Canada or BEA, to
estimate capital stock for both Canada and the
United States.

Capital Data Sources and Industry 
Details

We first discuss the data sources for the new
estimates. The investment data used in generating
non-residential capital stock estimates in Canada
are based on investment surveys, which are con-

ducted by the Investment and Capital Stock Divi-
sion (ICSD) at Statistics Canada. These data are
based on the North American Industry Classifica-
tion System (NAICS) and contain investment in
current dollars as well as chained Fisher volume
indices from 1961 to 2008 for 175 assets. To sim-
plify our analysis, we aggregate the 175 assets into
the 28 asset types listed in Table 1. 

The investment data for estimating non-residen-
tial capital stock in the United States are provided
by the BEA.8 These data contain investment at the
NAICS industry level for 47 assets over the period
1901 to 2007. For comparison purposes, we clas-
sify the 47 assets into 28 asset types. 

In this section, we rely on the investment data to
estimate capital stock for both Canada and the
United States, and discuss how capital stock
estimates differ when different depreciation rates
are used. To this end, we first classify the business
sector into 16 broad industry groups which are at
the single or combined 2-digit NAICS level (Table
2). For the mining and manufacturing sectors, we
further divide them, respectively, into two and 16
industries at the single or combined 3-digit NAICS
level. The classification is mainly driven by the
need to comply with Statistics Canada confidenti-
ality constraints. In this article, all industries
include private as well as non-private activities (if
applicable).9 The “business sector” is total econ-
omy minus public administration and owner-occu-
pied dwelling. Thus, our aggregate “business
sector” differs from the traditional business sector
that only includes private activities. Despite this
departure, for simplicity, we continue to refer the
aggregate as the business sector.

In Table 2, we also report value added and hours
worked shares by industry in the business sector as

7 The Statistics Canada study is based on a Canadian micro database on the purchase and disposal of capital
goods from Statistics Canada’s Capital Expenditure Survey, which contained data on the selling value of used
assets, the age of the assets and the corresponding gross book value as well as the expected service lives of new
assets. For other research on this topic, see Gellatly, Tanguay, and Yan (2002) and Patry (2007).

8 http://www.bea.gov/national/FA2004/Details/Index.html
9 For instance, the public portion of water treatment is included in utilities and public education and health

are in education, health and social assistance. Note, however, that owner-occupied dwellings are excluded
from FIRE and management of companies.
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an indication of the relative importance of each
industry in Canada and the United States.10 The
Canadian business sector is concentrated relatively
more than that in the United States in resource
industries (such as mining, especially oil and gas
extraction; wood products; primary metals; food,
beverage and tobacco products; and paper products
and printing), construction, transportation and
warehousing, and education, health and social
assistance, and less in computer and electronic
products, chemicals, finance, insurance and real
estate (FIRE) and management of companies, and
professional, scientific and technical services.11 

Alternative Estimates of Capital 
Stock

In this sub-section, we first compare Canadian
capital stock estimates using Statistics Canada’s
current depreciation rates and BEA depreciation
rates. We then compare Canada’s capital intensity,
defined as capital stock per hour worked, relative to
its U.S. counterpart.

Canadian Capital Stock Estimates 
with Different Depreciation Rates

We first estimate Canadian capital stock by
industry using both Statistics Canada depreciation
rates and BEA depreciation rates.12 Table 3 reports
the ratio of the two alternative estimates for four
groups: total capital, machinery and equipment
(M&E), information and communications technol-
ogy (ICT), and structures (consisting of both engi-
neering and building structures). M&E contains

ICT and total capital includes both M&E and struc-
tures. 

As expected, given the higher depreciation
rates in Canada the total capital stock of Canada
based on Statistics Canada depreciation rates is
58.8 per cent of Canada’s total capital stock esti-
mates using BEA depreciation rates. The aver-
age ratio varies greatly across industries from
0.28 in other services to 0.88 in professional,
scientific and technical services. 

Most of the differences in total capital stock esti-
mates are from the differences in structure capital
stock estimates. For the business sector as a whole,
the average ratio for structure capital stock is 0.49
while it is 0.89 for M&E capital. This reflects the
fact that depreciation rates for structures in Canada
are more than double that of the United States. In
contrast, M&E depreciation rates in Canada are
only 1.13 times those in the United States.

The use of different depreciation rates in esti-
mating the capital stock also affects the growth
rate of the capital stock, as shown in Table 4. But
the growth difference is relatively smaller than the
level difference. On average, capital stock growth
based on Statistics Canada depreciation rates is
higher than based on BEA depreciation rates. For
instance, over the period 1987-2008, the growth
rate of the total capital stock under Statistics Can-
ada depreciation rates is 2.6 per cent versus 2.2 per
cent under BEA depreciation rates. At the industry
level, there are 10 industries for which total capital
stock grew faster under Statistics Canada depreci-
ation rates and six industries for which total capital

10  We do not discuss industry contributions to aggregate productivity performance. On this issue, see Sharpe
(2010) and Tang and Wang (2010).

11 It is interesting to note that the value added share for mining in the Canadian business sector was 11.8 per
cent in 2008 while its hours worked share was only 1.7 per cent. This is mainly because that the mining
sector is much more capital intensive than the other industries of the business sector.

12 To apply the perpetual inventory method, we estimate Canadian capital stock using the historical invest-

ment from 1961-2008 with initial capital stock estimated as  , where  is the value

of investment in asset i in the year of 1961 with depreciation rate and average growth rate 
between 1961 and 1995. For the United States, capital stock is estimated using historical investment from
1901 to 2007 with initial capital stock set to zero in 1901. The actual initial capital stock value chosen has
little effect on capital stock estimates for the 1987-2008 period, which is the focus of this study.
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Chart 2
A Comp
Capital
(US=10
stocks grew faster under BEA depreciation rates.
Similar pictures emerge for M&E and structure
capital.

Canada-U.S. Capital Intensity Level 
Comparisons 

Investment in physical capital gives workers
more machines and tools to use, which increases
labour productivity. Machinery and equipment
also embody new technologies, which increases
the overall efficiency of all inputs, i.e. multifactor
productivity. Thus, capital intensity is very impor-
tant for productivity performance. This sub-sec-
tion compares capital intensity by industry
between Canada and the United States when differ-
ent depreciation rates are used.

We first compare capital intensity, defined as
capital stock per hour worked which is PPP-
adjusted, between Canada and the United States
when capital stock in the two countries are esti-
mated using their corresponding “official” depre-
ciation rates.13 Under this comparison, the results

show that Canadian industries significantly under-
invest relative to their U.S. counterparts in all
types of assets (Table 5 and Chart 2). For the busi-
ness sector as a whole, Canada’s capital intensity
in the period 2000-2007 was 65.2 per cent of the
U.S. level for total capital, 53.4 per cent for M&E
capital, and 76.7 per cent for structure capital. At
the industry level, the ratio for total capital ranged
from as little as 16.8 per cent (apparel and leather)
to 83.7 per cent (mining excluding oil and gas
extraction). 

We believe that the substantially lower capital
intensity for Canada relative to the United States is
an artefact of the substantially different capital
depreciation rates used for estimating capital stock
in the two countries. Importantly, as we discussed
earlier, the comparison under this scenario will
imply that most Canadian industries will be more
productive (in terms of MFP) than their counter-
parts in the United States, a result that runs counter
to well-established facts that Canada is lagging the
United States in innovation (e.g. R&D) and invest-
ment in technologies that are believed to be the
driving forces of MFP improvement (Expert Panel
on Business Innovation, 2009).

To eliminate this artefact, we need to use com-
parable depreciation rates for estimating the capi-
tal stocks of the two countries. We use either
Statistics Canada depreciation rates or BEA depre-
ciation rates for estimating capital stock for both
countries. The comparison results are reported in
Tables 6 and 7. 

With Statistics Canada depreciation rates (Table
6), for the business sector as a whole, Canada’s
total capital intensity, was slightly higher than that
in the United States over the period 2000-2007
(109.8 per cent).14 The composition of the total
capital in the Canadian business sector is, how-
ever, different from its United States counterpart.

13 Since purchasing power parities (PPPs) for ICT capital are not available for the analysis, we apply M&E PPPs
to ICT capital. This is based on the fact that ICT capital in Canada accounts for about 25 per cent of M&E cap-
ital. PPP related measurement issues are discussed in the Appendix.

14 Data on hours worked for Canada is from Statistics Canada and for United States from the Bureau of
Labor Statistics. Again, these numbers include both private and non-private activities for each industry
(for more discussion, see the Appendix). 

arison of Business Sector Canada-U.S. 
 Intensity by Asset Type, 2000-07
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Compared to the United States, Canada has less
M&E capital and more structure capital. In fact,
over the period of 2000-2007, Canada’s M&E cap-
ital intensity was on average 74.5 per cent of the
level in the United States while its structure capital
intensity was 55.0 per cent higher (Chart 2).15 

Note also that Canada’s capital  intensity
decreased relative to the United States from the
period 1987-1999 to the period 2000-07, which has
an important implication for labour productivity
performance. Most of the decline was from under-
investment in M&E capital; the M&E capital
intensity decreased from 91.4 per cent of the level
in the United States in the period 1987-99 to 74.5
per cent in 2000-07.

At the industry level, there is a great variation.
Over the period 2000-07, Canada’s total capital
intensity relative to the United States ranged from a
low of 33.9 per cent in machinery to a high of 165.6
per cent in wood products. For M&E capital inten-
sity, it ranged from 28.3 per cent (accommodation
and food services) to 170.3 per cent (wood prod-
ucts), and for structures capital intensity, it ranged
from 27.2 per cent (other services) to 354.9 per cent
(petroleum and coal products). 

Similar patterns emerge when capital stocks in
both countries are estimated using BEA deprecia-
tion rates (Table 7). The relative capital intensity is
highly correlated between the two different sets of
estimates. The correlation coefficients for all col-
umns between Tables 6 and 7 are 0.8 or higher. The
correlation coefficients for ICT capital intensity
are almost one for both periods. However, despite
the high correlation and very similar estimates for
total capital and structure capital, Canada’s M&E
capital intensity levels relative to the U.S. levels
under Statistics Canada depreciation rates are 17.7
per cent higher (74.5 per cent versus 63.3 per cent)
than those under BEA depreciation rates (Chart 2).
This difference is mainly due to non-ICT M&E
capital since for ICT capital, the relative estimates

are very similar, at least for the business sector as
a whole.

It is also important to note that a switch from
using Statistics Canada depreciation rates to
using BEA depreciation rates can lead to a
higher or lower level of capital intensity for
Canada relative to the United States at the indus-
try level. This, we believe, depends on differ-
ences in asset composition at the industry level
and between the two countries. For instance, for
agriculture, forestry, fishing and hunting, the
switch increases Canada’s relative capital inten-
sity. This is mainly because of differences in
asset composition between the two countries.
For Canada, agriculture, forestry, fishing and
hunting has more structure capital than M&E
capital while in the United States, this industry
has more M&E capital than structure capital.
Given that the difference between Statistics
Canada and BEA depreciation rates for structure
assets is generally higher than that for M&E
assets, the switch will favour Canada. 

Note, however, that even with the same share of
M&E and structure assets in the two countries, the
composition of M&E or structure assets also mat-
ters for Canada’s capital intensity relative to the
United States after the switch since the differences
in depreciation rates between Statistics Canada
and BEA are not the same within M&E or structure
asset groups. 

Productivity Growth in 
Canadian and U.S. Industries

How do these different capital stock estimates
affect productivity estimates? We discuss the
differences in productivity estimates using dif-
ferent capital stock estimates in the remainder of
the article. We proceed with a brief explanation
of the methodology in estimating MFP growth. 

Following Jorgenson, Gollop, and Fraumeni
(1987), we use the growth accounting framework
to examine the sources of labour productivity

15 Note also that the intensity gap between Canada and the United States is more pronounced for ICT capital. It
was about 50 per cent over the period of analysis. 
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growth at the industry level. This methodology has
been widely used to study the sources of economic
growth (Jorgenson and Stiroh, 2000; Gu and Ho,
2000; Ho, Rao and Tang, 2004). Under this frame-
work with the value added output concept, MFP
growth for industry i can be expressed as: 16

(1)
where LPi is labour productivity (value added per
hour worked), ki is capital intensity (capital stock
per hour worked), and  is the moving two-year
average capital income share of value added. 

Capital here is the total capital stock, including
M&E and structures. For any variable X (i.e.,
MFPi, LPi, or ki), .

Under this framework, the change in MFP is
measured as a residual.17 It is equal to labour pro-
ductivity growth minus the contribution from a
change in capital intensity. The latter is often
referred to as the “capital deepening” effect. 

Labour Productivity Growth 
in Canada and the United States

We first discuss labour productivity growth in
Canadian and U.S. industries (see Appendix for a
discussion of the data used for the productivity anal-
ysis). The results for both countries for the period
1987-2008 as well as two sub-periods (1987-2000
and 2000-2008) are reported in Table 8. Over the
period of 2000-2008, labour productivity, defined as
real value added per hour worked, in the Canadian
business sector grew 0.8 per cent per year, 0.4 per-
centage points slower than in 1987-2000. In con-
trast, labour productivity growth in the U.S.
business sector accelerated from 1.8 per cent in
1987-2000 to 2.2 per cent in 2000-2008, a 0.4 per-
centage points increase. 

At the industry level, the industry with the fastest
labour productivity growth in Canada over the whole
sample period was the computer and electronic prod-
uct manufacturing industry or the ICT manufacturing
industry (4.6 per cent per year).18 It was followed by
primary metal manufacturing (4.4 per cent), agricul-
ture, forestry, fishing and hunting (3.2 per cent), and
transportation equipment (3.2 per cent). In the United
States, the fastest growing industry was also ICT
manufacturing (22.6 per cent), followed by the infor-
mation services (5.2 per cent) and retail trade (4.0 per
cent).

On the other hand, the industry with the slowest
labour productivity growth in Canada over the
whole sample period was arts, entertainment, and
recreation (-1.6 per cent) while in the United States,
it was construction (-1.8 per cent). 

Between the two sub-periods, labour productivity
growth in Canada accelerated in most services
industries (eight out of the 11 services industries)
while all goods producing industries experienced a
decline. The largest slowdown was in computer and
electronic manufacturing, a 13.0 percentage point
fall. This was followed by a 12.7 percentage point
decline in oil and gas extraction. In the United
States, 10 goods producing industries and nine ser-
vices industries experienced an increase in labour
productivity growth between the two periods. As in
Canada, mining and computer and electronic manu-
facturing industries in the United States experienced
a large decline in labour productivity growth, but
the magnitude of the decline in the computer and
electronic manufacturing industry in the United
States was much smaller than for its Canadian coun-
terpart.

16 The framework is commonly used based on the gross output concept. In this article, we use the value added out-
put concept mainly because we have up-to-date and comparable value added data for both Canada and the
United States.

17 As many have correctly pointed out, this MFP growth term is a residual that captures a variety of other
factors, including economies of scale, unaccounted for changes in input quality (such as labour quality)
and inputs (such as managerial talent and organizational structure), and measurement errors (in both out-
put and inputs).

∆lnMFPi ∆lnLPi νk,i∆lnki–=

νk,i

∆lnX lnXt lnXt-1–=

18 Note that for the disaggregated industries under mining and manufacturing sectors, the data are only up to
2007 for the United States.
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ferent 
In the post-2000 period, seven industries (agri-
culture, forestry, fishing and hunting; mining
excluding oil and gas extraction; construction; pri-
mary metal manufacturing; wholesale trade, acco-
modation and food services, and other services)
had higher labour productivity growth in Canada
than in the United States. The largest productivity
growth gap between Canada and the United States
was in the computer and electronic product manu-
facturing industry at 23 percentage points. 

This finding of a pervasive slowdown across
Canadian industries in labour productivity growth
in the post-2000 period and the widening gap with
the United States are similar to the results of other
studies (e.g. Rao et al., 2008).

MFP Growth in Canada and the 
United States

Labour productivity growth is equal to MFP
growth plus the contribution from a change in cap-
ital deepening. Thus, MFP growth is an important
part of labour productivity growth. As discussed
earlier, MFP calculations are crucially dependent
upon the accurate measurement of the capital

stock. Unfortunately, measuring capital stocks is
difficult, especially for international comparisons.
In this section, we first discuss MFP estimates with
capital stock based on both Statistics Canada and
BEA depreciation rates. 

Table 9 and Chart 3 report industry MFP growth
estimates for Canada and the United States with
capital stock estimates based on both Statistics
Canada and BEA depreciation rates. The two sets
of MFP growth estimates are generally similar,
especially for the business sector. The correlation
coefficients between the two sets of estimates are
0.99 for Canada and 1.00 for the United States.
This implies that the MFP growth estimates are
less sensitive to the choice of depreciation rates
than MFP level, especially at the aggregate level. 

At the industry level, the difference in the two
MFP growth estimates for certain industries can be
relatively large. For example in the 2000-07
period, when the capital stock is based on Statistics
Canada depreciation rates, the MFP growth esti-
mate for Canada’s administrative and waste man-
agement industry is more than 0.9 percentage
points lower than the estimate when capital stock

Chart 3
A Comparison of Business Sector MFP Growth in Canada and the United States Under Dif
Depreciation Assumptions (Average Annual Rate of Change)

(a) 1987-2000 (b) 2000-2007
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is based on BEA depreciation rates. For the United
States, petroleum and coal product manufacturing
industry, using Statistics Canada depreciation
rates results in a MFP growth estimate that is 1.5
percentage points lower than the MFP growth esti-
mate when the BEA depreciation rates are used. 

When the MFP growth estimates in Canada are
compared to the U.S. estimates, the general picture
is similar to that for labour productivity growth.
MFP growth in Canada slowed significantly
between the 1987-2000 and 2000-2007 periods. In
contrast, MFP growth significantly improved in
the United States between the two periods. As a
result, there is a substantial business sector MFP
growth gap (1.3 percentage points based on BEA
depreciation rates and 1.6 percentage points based
on Statistics Canada rates) between the two coun-
tries in the post-2000 period (Chart 3). 

Despite the general picture favouring the United
States, some Canadian industries outperformed
their U.S. counterparts in at least one of the peri-
ods. Over the post-2000 period, for example, the
MFP growth rate was significantly higher in Can-
ada in agriculture, forestry, fishing and hunting;
utilities; construction; non-metallic mineral prod-
ucts; primary metals; wholesale trade; FIRE and
management of companies; and other services. 

When MFP growth estimates (Table 9) are com-
pared to labour productivity growth estimates
(Table 8), one finds that the slowdown in labour
productivity growth in Canada between pre-2000
and post-2000 periods and the increased growth
gap in labour productivity between Canada and the
United States in the post-2000 period are mainly
due to a weaker MFP performance in Canada. The
result holds for the aggregate business sector as
well as for most industries.

Canada-U.S. Productivity 
Level Comparisons

Productivity growth is an important indicator of
improvements in production efficiency and inter-
national competitiveness of Canadian industries

compared to U.S. industries, but it does not reveal
how productive Canadian industries are relative to
their U.S. counterparts at any point in time. This
section addresses this issue. 

For the analytical framework, we follow Jorgen-
son, Kuroda and Nishimizu (1995) and Chris-
tensen, Cummings and Jorgenson (1995). They
show that differences in the logarithms of the MFP
levels between Canada and the United States, for
the ith industry, can be expressed as the value of the
difference between the logarithms of labour pro-
ductivity, less the differences between the loga-
rithms of capital intensities in the two countries: 

where

is the average compensation shares of capital in
Canada and the U.S. for the ith industry. 

To reflect price differences in output and inputs
in Canada and the United States, labour productiv-
ity as well as capital intensity for Canada in the
above equation has been converted into U.S. dol-
lars using PPPs for output and capital investment
at the industry level. A discussion of the calcula-
tion of the PPP estimates is in the Appendix .

According to the above formulation, the relative
MFP between Canada and the United States is
equal to the relative labour productivity net of the
relative contributions attributed to capital deepen-
ing. 

Canada-U.S. Labour Productivity 
Levels Comparisons

We first calculate labour productivity levels in
Canada relative to those in the United States for the
32 industries for 2002 and 2007. As shown in the
first panel “LP” of Table 10, Canada’s labour pro-
ductivity level in the business sector in 2007 was
72.1 per cent of the U.S. level, or a 27.9 per cent
gap between the two countries. The gap widened
from 22.7 per cent in 2002. 
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S Capital 
The widening gap is pervasive across industries,
with 28 out of 32 experiencing a growing gap over
this period. In 2007, Canada had a higher labour
productivity level than the United States in only 7
industries (construction, wood products manufac-
turing, primary metals manufacturing, transporta-
tion equipment, transportation and warehousing,
administrative and waste management, and other
services). On the other hand, Canada lagged the
United States substantially (more than a 20 per
cent labour productivity level gap) in 17 industries.
The largest gap was in the computer and electronic
products manufacturing industry at 77.6 per cent.
The unprecedented gap in this industry in 2007 is
due to a substantial difference in labour productiv-
ity growth since the benchmark year 2002 between
the two countries. Over this period, labour produc-
tivity growth in the industry was 4.6 per cent per
year in Canada, compared to 23.2 per cent per year
in the United States.19

Canada-U.S. MFP Level 
Comparisons

For the Canada-U.S. MFP comparison, we first
calculate Canada’s MFP levels relative to the
United States, using “official” capital stock esti-
mates for each country; that is, Canada’s capital
stock is estimated using Statistics Canada depreci-
ation rates and U.S. capital stock is estimated using
BEA depreciation rates. The results for the 32
industries for 2002 and 2007 are reported in the
second panel “MFP” of Table 10. Basically, under
this scenario, Canada is performing reasonably
well in MFP compared to the United States, and
much better than in the case of labour productivity.
In 2007, the majority of Canadian industries (18
out the 32 industries) had higher MFP levels than
their U.S. counterparts. For the manufacturing sec-
tor as a whole, Canada was doing almost as well as
its U.S. counterpart (98.7 per cent of the U.S.

level). For the business sector, Canada’s MFP
level was 84.9 per cent of the U.S. level in 2007
(Chart 4).

The problem is that the numbers fail a reality
check. It is well-established that Canada consider-
ably underperformed compared to the United
States in R&D, investment in technology (mea-
sured as investment in M&E or ICT as percentage
of GDP), and level of education of the workforce,
which are key determinants of MFP performance
(Expert Panel on Business Innovation, 2009).
Given the evidence, it seems to be reasonable to
conclude that the use of the official capital stock
estimates for Canada and the United States leads to
the overestimation of Canada’s MFP performance
and that they should not be used for MFP level
comparison between the two countries. 

Now we discuss a MFP level comparison when
the same depreciation rates are used for estimating
capital stock in both countries. The estimated rela-
tive MFP levels by industry with capital stock

19  Chan, Gu and Tang (2010) show that the dramatic decline in productivity growth in the Canadian computer and
electronic product industry in the post-2000 compared to 1997-2000 was mainly due to the slowdown in pro-
ductivity growth within industry (as opposed to composition effects), which can largely be traced to the decline
in labour productivity growth of continuing plants. 

Chart 4
A Comparison of Business Sector Canada-U
Intensity and MFP, 2007
(US=100)
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based on either Statistics Canada or BEA depreci-
ation rates are reported in Table 11. At the aggre-
gate level, the MFP level estimates based on
Statistics Canada depreciation rates for capital are
very similar to those based on BEA depreciation
rates (Chart 4). In 2007, the Canada-U.S. MFP gap
in the total business sector was about 30 per cent,
while the capital intensity was higher in Canada
(Chart 4). Thus, the MFP gap was entirely respon-
sible for the Canada-U.S. business sector labour
productivity gap.

At the industry level, however, the MFP esti-
mates based on Statistics Canada depreciation
rates for capital can be significantly different from
those based on BEA depreciation rates. The esti-
mate based on BEA depreciation rate for the pri-
mary metal  manufacturing industry is  26.7
percentage points higher than that based on Statis-
tics Canada depreciation rates. Similarly, it was
22.9 percentage points higher for petroleum and
coal manufacturing industry. On the other hand, it
was 18.6 percentage points lower for agriculture,
forestry, fishing and hunting and 9.5 percentage
points lower for other services. As discussed ear-
lier, this was mainly driven by difference in asset
composition at the industry level and between the
two countries. 

Given that most previous literature uses depreci-
ation rates similar to the BEA rates (Lee and Tang,
2000; Ho, Rao and Tang, 2004; Rao et al., 2008),
the discussion at the industry level in the remain-
der of this section will be based on the estimates
under BEA depreciation rates. 

In 2007, Canada had lower MFP levels than the
United States in 21 of the 32 industries. In particu-
lar, Canada was considerably less productive (20
per cent gap or more) in 14 industries. As for
labour productivity, the industry with the largest
MFP level gap was the computer and electronic

products manufacturing industry (74.6 per cent),
followed by mining (except oil and gas extraction)
(63.6 per cent). On the other hand, Canada was sig-
nificantly more productive than the United States
in eight industries, namely construction, wood
products, non-metallic mineral products, primary
metals, machinery, wholesale trade, administrative
and waste management, and other services. Can-
ada was also equally productive in oil and gas
extraction; transportation equipment; food, bever-
age, and tobacco products; transportation and
warehousing; education, health and social assis-
tance.

Conclusion
The main objective of this article has been to

estimate Canada and U.S. capital stock using the
same depreciation rates in order to make compara-
ble Canada-U.S. industry capital intensity and
MFP comparisons. Similar to other productivity
research, this study is subject to measurement
errors, and probably more so given that it also
deals with level comparisons.20 In addition, an
industry in Canada may not be fully comparable to
its U.S. counterpart due to differences in industry/
product composition.21 With these caveats, we
now highlight several key findings drawn from this
research.
• Canada-U.S. level comparisons for capital

intensities and MFP across industries are mis-
leading when “official” capital stock series
data, estimated using different depreciation
rates in the two countries, are used. However,
when comparisons are made in terms of
growth, the results are less sensitive, espe-
cially at the aggregate level. 

• Canada-U.S. capital intensity and MFP level
comparisons should use capital stock data

20 One possible measurement issue is that investment data series in Canada may not be totally comparable to the
U.S. counterparts. Research is on-going to document differences in the practices of collecting and estimating
investment data between the two countries, but it is not clear how the differences, if there is any, will change the
comparison results. 

21 For instance, the U.S. computer and electronic product manufacturing industry is concentrated relatively
more in computers and semiconductors than its Canadian counterpart. 
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based on either Statistics Canada or BEA
depreciation rates for both countries. 

• Canadian industries invested relatively more
in structure capital assets but less in machinery
and equipment (including information and
communications technologies) than their U.S.
counterparts.

• Canada-U.S. labour productivity level gaps as
well as the widening of these gaps over time
across Canadian industries are all due to the
MFP level gaps. 

The explanations that have been offered for Can-
ada’s relatively weak productivity performance
are numerous and often multi-faceted. The most
widely held view is that Canadian businesses
invest insufficiently in innovation, technology
adoption (M&E including ICTs), business practice
and management, and intangibles (e.g. branding,
firm-specific human capital, and modernization of
organizational structures) (e.g. Boothe and Roy,
2008; Expert Panel on Business Innovation,
2009).22 

Other factors that might contribute to Canada’s
weak productivity performance, especially since
2000, include: lower capacity utilization (allowing
buildings, equipment and the other tools Canadian
workers could use to sit idle), especially in the
manufacturing sector; and the slow response of
individual Canadian business to changes in eco-
nomic conditions. In Canada’s manufacturing sec-
tor, these issues could have emerged as a result of
a strong Canadian dollar, increased competition
from emerging markets, and decreased foreign
(primarily U.S.) demand for our products.

Over the longer term, MFP is primarily influ-
enced by three key factors: business innovation,
allocation of productive resources, and economies
of scale. Therefore, government policies and pro-
grams which would positively affect these three

key determinants of MFP would improve Canada’s
productivity and real income performance. 
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Appendix: Data Sources

Capital Stock 
Our investment and capital stock estimates pro-

vide data on chained-Fisher quantity indices as well
as real and nominal values of investment and capital
stock for the individual industries of the business
sector. The methodology for constructing the Fisher
index of investment (capital stock) uses three sets of
tables: investment (capital stock) tables in current
prices; investment (capital stock) tables valued
using prices in the previous year (called Lasypeyres
prices); and investment (capital stock) tables valued
using prices in the subsequent year (called Paasche
prices). 

We apply the Fisher aggregation to estimate the
chained-Fisher index of capital stock by four types
of assets: ICT M&E, Non-ICT M&E, Building,
and Engineering Structures.23 The nominal value
of capital stock in asset type i of industry j at time

t, , equals the total capital stock in asset type
i, where a = (1,2,...,n) i,

where i =1,2,3,4 represents the four types of assets:
ICT M&E, Non-ICT M&E, Building, and Engi-
neering Structures, and a represents sub-assets
within the group of asset type i, as each of four
asset groups include a number of sub-assets. 

The quantity index of capital stock is chained-
Fisher index that is calculated as the geometric
mean of the Laspeyres and Paasche indices:

where the Laspeyres quantity index of capital

stock, , uses the previous year’s invest-
ment prices to aggregate capital stock for industry
j and type i asset, and the Paasche quantity

23  We apply the same methodology to take capital stock aggregation across industries.
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IPQZ
index of capital stock, , uses current
year investment prices to aggregate capital stock:

where  represents the Fisher quantity of capital
stock of industry j in sub-asset a , where a i and

  is the 2002 chained price index of investment
which is provided along with the investment data
by Statistics Canada. We choose the 2002 as the
base year for the Fisher quantity index, and then
the real capital stock in 2002 Chained Fisher dollar
is expressed as:

The Fisher price index of capital stock can be
derived as the ratio of nominal capital stock to the
real capital stock in 2002 chained Fisher dollar:

Once we have the aggregated capital stock by
four types of assets for each individual industry,
we then apply the same methodology to take Fisher
aggregation across industries. The nominal value
of capital stock in asset i of industry j at time t,

, equals the total capital stock of industry j,
where ,

Value added
Industry value added for Canada is a special tab-

ulation from Statistics Canada. It is consistent with
CANSIM tables 379-0023 for value added in nom-
inal dollars and 383-0021 for real value added.
However, to make it comparable to capital stock
data, the value added data are adjusted to include
both private and non-private activities. They
exclude imputed rental income for owner-occu-
pied housing. In addition, to make it comparable to

the U.S. data, the original value added data at the
basic prices are adjusted to value added at factor
costs, using information on net indirect taxes on
production from input-output tables from Statistics
Canada. 

For the United States, value added data are from
the U.S. BEA. To make them comparable to the
Canadian data and capital stock, two adjustments
are made. First, we exclude rental imputation for
owner-occupied housing from real estate. Second,
value added at market prices are adjusted to value
added at factor cost, using information on net indi-
rect taxes on both products and production that are
also from BEA. 

Hours worked
For both Canada and the United States, hours

worked data at the industry level are hours
worked for all jobs, including both private and
non-private activities. The data from Canada are
special tabulation, which are consistent with
CANSIM table 383-0009. For the United States,
they are from the Bureau of Labor Statistics.

PPP Exchange Rates
To compare productivity and capital intensity

levels between Canada and the United States, it is
necessary to use purchasing power parities at the
industry level to control for price level differences
between the two countries. The use of the market
exchange rate is not desirable since it is highly vol-
atile and can lead to unreliable and misleading esti-
mates for country comparison across industries. 

The 2002 PPP estimates for value added by
industry are from Hao et al. (2008). For capital, we
derive 2002 capital PPPs from 1999 investment
PPPs estimates for total capital, M&E and struc-
tures as found in Rao et al. (2004), using invest-
ment price deflators. 

The PPP estimates for value added as well as for
total capital, M&E and structures are reported in
Table 12. 
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Asset
Class
on-ICT
on-ICT
on-ICT
on-ICT
on-ICT
ICT

on-ICT
ICT

on-ICT
on-ICT
on-ICT
on-ICT
on-ICT
on-ICT
ICT
Bldg
Bldg
Bldg
Bldg
Bldg
Bldg
Bldg
Eng
Eng
Eng
Eng
Eng
Eng
Table 1
BEA and Statistics Canada (Productivity Accounts) Depreciation Rates by Asset Type

Source: Statistics Canada, 2007, Depreciation Rates for the Productivity Accounts; Bureau of Economic Analysis,
2003, Fixed Assets and Consumer Durable Goods in the U.S., 1925-97.

Asset 
Code Canadian Asset Type

Implicit BEA 
Depreciation Rates

Statistics Canada 
Depreciation Rates

1 Office Furniture, Furnishing & Fixtures 0.29 0.24 N
2 Non-Office Furniture, Furnishings & Fixtures 0.14 0.21 N
3 Motors, Generators, and Transformers 0.14 0.13 N
4 Computer-assisted Process 0.16 0.17 N
5 Non-computer-assisted Process 0.16 0.16 N
6 Communication Equipment 0.14 0.22
7 Tractors and Heavy Construction Equipment 0.16 0.17 N
8 Computers, Hardware & Word Processors 0.50 0.47
9 Trucks, Truck Tractors, Truck Trailers & Parts 0.22 0.23 N
10 Automobiles and Major Replacement Parts 0.22 0.28 N
11 Other Machinery and Equipment 0.18 0.20 N
12 Electrical Equipment and Scientific Devices 0.16 0.22 N
13 Other Transportation Equipment 0.07 0.10 N
14 Pollution Abatement & Control Equipment 0.07 0.15 N
15 Software 0.49 0.55
16 Plants for Manufacturing 0.03 0.09
17 Farm Building, Garages, and Warehouses 0.03 0.08
18 Office Buildings 0.03 0.06
19 Shopping Centers and Accommodations 0.03 0.07
20 Passenger Terminals, Warehouses 0.03 0.07
21 Other Buildings 0.03 0.06
22 Institutional Building Construction 0.02 0.06
23 Transportation Engineering Construction 0.02 0.07
24 Electric Power Engineering Construction 0.02 0.06
25 Communication Engineering Construction 0.02 0.12
26 Downstream Oil and Gas Engineering Facilities 0.07 0.07
27 Upstream Oil and Gas Engineering Facilities 0.07 0.13
28 Other Engineering Construction 0.02 0.08
Simple Average
ICTs 0.38 0.41
Non-ICT M&E 0.16 0.19
Building Construction 0.03 0.07
Engineering Construction 0.04 0.09
Total Assets 0.13 0.16
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rs Worked
U.S.
2.7
0.7
0.1
0.6
0.5
7.7
12.7
0.4
0.5
0.4
1.4
1.1
1.2
0.4
1.5
1.1
1.6
0.3
0.2
1.0
0.1
0.8
0.7
5.3
11.4
4.8
2.6
8.9
7.2
6.8
14.8
1.4
7.2
5.3
100
Table 2: Industry Classification and Industry Shares of Nominal Value Added and Hours 
Worked in Canada and the United States, 2008* (per cent)

* 2007 for value added for U.S. sub-industries in the mining and manufacturing sectors. 
** Share of nominal value added. 
***FIRE stands for Finance, Insurance, Real Estate, Rental and Leasing. 
Source: Statistics Canada, U.S. Bureau of Economic Analysis and U.S. Bureau of Labor Statistics.

NO. Industry
NAICS 
Codes

Value Added** Hou
Can U.S. Can

1 Agriculture, forestry, fishing, and hunting 11 1.9 1.4 2.8
2 Mining 21 11.8 2.5 1.7

2.1 Oil and gas extraction 211 9.1 1.3 0.5
2.2 Mining, except oil and gas 212 & 213 2.7 0.9 1.1

3 Utilities 22 2.7 2.2 0.9
4 Construction 23 7.7 5.0 9.1
5 Manufacturing 321-339 13.6 13.8 12.3

5.1 Wood products 321 0.6 0.3 0.8
5.2 Non-metallic mineral products 327 0.5 0.5 0.5
5.3 Primary metals 331 1.1 0.5 0.5
5.4 Fabricated metal products 332 1.2 1.2 1.3
5.5 Machinery 333 1.1 1.1 0.9
5.6 Computer and electronic products 334 0.6 1.2 0.6
5.7 Electrical equipment 335 0.3 0.5 0.3
5.8 Transportation equipment 336 1.6 1.7 1.4
5.9 Furniture and miscellaneous manufacturing 337 & 339 0.8 0.9 1.0
5.10 Food, beverage, and tobacco products 311 & 312 2.2 1.3 1.6
5.11 Textile mills and textile product mills 313 & 314 0.1 0.2 0.2
5.12 Apparel and leather and allied products 315 & 316 0.1 0.1 0.4
5.13 Paper products and printing 322 & 323 1.2 0.8 1.2
5.14 Petroleum and coal products 324 0.5 0.6 0.2
5.15 Chemical products 325 1.2 2.1 0.7
5.16 Plastics and rubber products 326 0.6 0.6 0.8

6 Wholesale trade 41 or 42 6.3 5.6 6.0
7 Retail trade 44-45 6.2 6.1 10.9
8 Transportation and warehousing 48-49 5.1 3.4 5.9
9 Information 51 4.1 5.1 2.6
10 FIRE*** and management of companies 52-53, 55 12.2 16.0 7.2
11 Professional, scientific and technical services 54 5.7 9.4 6.9
12 Administrative and waste management 56 3.0 3.7 5.0
13 Education, health and social assistance 61-62 13.4 10.0 14.8
14 Arts, entertainment, and recreation 71 1.0 1.1 1.9
15 Accommodation and food services 72 2.5 3.0 6.1
16 Other services (except public admin) 81 3.0 2.7 5.9

Business Sector 11-81 100 100 100
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Structures
an Rate BEA Rate

-1.00 -0.51

3.91 3.74
0.65 1.08
1.74 2.59
-0.99 0.20
4.18 3.71
4.98 4.36
1.42 0.50

2.23 3.06
0.30 1.36

9.70 9.56

4.41 1.23

2.23 1.71

3.64 4.10

2.28 2.85

1.28 -0.42

1.77 1.65
Table 3
Ratio of Canadian Capital Stock with the Statistics Canada Depreciation Rates to 
Canadian Capital Stock Based on the BEA Depreciation Rates, Average for 1987-2008

* M&E includes ICT.

Table 4
Canadian Capital Stock Based on Statistics Canada and BEA Depreciation Rates, 1987-
2008 (Average Annual Rate of Change)

* M&E includes ICT.

Total Capital M&E* ICT Structures
Agriculture, forestry, fishing, and hunting 0.41 0.88 0.80 0.26
Mining 0.65 0.91 0.90 0.63
Utilities 0.53 0.93 0.89 0.48
Construction 0.84 0.96 0.97 0.59
Manufacturing 0.70 0.96 0.93 0.46
Wholesale trade 0.72 0.90 0.93 0.60
Retail trade 0.67 0.83 0.92 0.61
Transportation and warehousing 0.52 0.81 0.89 0.41
Information 0.54 0.73 0.71 0.43
FIRE and management of companies 0.71 0.88 0.91 0.63
Professional, scientific and technical services 0.88 0.95 0.95 0.78
Administrative and waste management 0.50 0.91 0.91 0.32
Education, health and social assistance 0.46 0.84 0.93 0.43
Arts, entertainment, and recreation 0.71 0.84 0.87 0.68
Accommodation and food services 0.68 0.74 0.94 0.67
Other services (except public admin) 0.28 0.89 0.93 0.21
Business Sector 0.59 0.89 0.80 0.49

Total Capital M&E* ICT
StatCan Rate BEA Rate StatCan Rate BEA Rate StatCan Rate BEA Rate StatC

Agriculture, forestry, 
fishing, and hunting

-1.51 -0.87 -1.97 -2.01 10.49 9.58

Mining 4.34 4.04 7.10 6.81 19.53 18.90
Utilities 0.53 0.95 0.11 0.07 14.72 14.82
Construction 3.72 3.66 4.43 4.30 17.94 17.45
Manufacturing 0.63 0.85 1.64 1.72 14.63 14.30
Wholesale trade 6.21 5.40 8.23 7.92 16.98 16.77
Retail trade 5.61 4.95 6.68 6.42 17.54 17.03
Transportation and 
warehousing

2.60 1.39 4.49 4.17 18.64 17.81

Information 4.63 4.28 7.30 6.62 7.40 6.70
FIRE and management of 
companies

3.06 3.19 6.85 6.85 14.68 14.23

Professional, scientific and 
technical services

14.59 14.11 16.09 15.82 17.89 17.74

Administrative and waste 
management

7.62 3.74 10.18 9.56 17.02 16.17

Education, health and social 
assistance

2.96 2.09 8.26 7.58 17.34 16.85

Arts, entertainment, and 
recreation

4.88 4.93 9.25 8.62 18.66 17.93

Accommodation and food 
services

2.52 2.99 3.41 3.47 13.36 13.19

Other services (except 
public admin)

3.89 0.50 10.25 9.77 17.51 17.27

Business Sector 2.62 2.22 4.29 4.22 12.33 11.19
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Table 5: Canada-U.S. Capital Intensity Comparisons (U.S.=100), Period Average
 (Statistics Canada Depreciation Rates for Canada and BEA Depreciation Rates for the United 
States)

* M&E includes ICT.

Total Capital M&E* ICT Structures
87-99 00-07 87-99 00-07 87-99 00-07 87-99 00-07

Agriculture, forestry, fishing, and hunting 61.0 60.3 67.9 57.8 102.0 71.7 67.5 76.4
Mining 72.8 80.9 37.2 56.2 14.1 26.2 94.7 101.2
 Oil and gas extraction 60.8 59.5 32.7 68.0 6.6 20.8 76.6 70.6
 Mining, except oil and gas 107.7 83.7 40.0 38.5 24.9 28.3 175.7 135.7

Utilities 87.6 55.2 55.0 29.3 38.2 61.1 116.8 76.1
Construction 89.1 72.5 102.5 69.8 69.1 13.1 74.5 87.5
Manufacturing 64.0 45.9 72.1 51.5 22.3 29.6 69.3 49.1
Wood products 83.3 81.4 103.0 96.5 75.2 100.1 72.0 73.5
Non-metallic mineral products 54.7 47.8 71.0 60.6 24.2 44.2 48.9 39.7
Primary metals 68.2 60.8 85.8 79.0 42.6 79.7 68.4 56.5
Fabricated metal products 40.2 29.9 47.0 35.1 20.4 25.3 40.9 28.4
Machinery 32.6 20.6 36.0 21.6 8.8 10.4 34.4 23.3
Computer and electronic products 40.2 25.4 47.3 28.8 13.5 29.9 37.3 23.7
Electrical equipment 33.0 29.9 39.4 40.3 22.5 39.9 30.3 22.0
Transportation equipment 89.5 73.2 106.9 89.0 27.9 38.0 73.5 53.3
Furniture and miscellaneous 
manufacturing 

24.4 23.5 28.5 27.4 14.9 24.5 27.6 25.7

Food, beverage, and tobacco products 38.1 41.8 48.3 53.4 29.9 48.6 35.4 36.4
Textile mills and textile product mills 56.2 40.8 75.2 54.8 55.9 101.6 39.6 29.1
Apparel and leather and allied products 40.9 16.8 60.3 23.4 55.8 41.8 35.0 14.3
Paper products and printing 109.0 69.4 110.6 67.6 68.2 57.4 112.0 80.4
Petroleum and coal products 91.0 65.1 25.0 39.2 19.3 23.8 217.5 125.4
Chemical products 70.8 54.1 75.1 52.9 20.5 25.8 79.6 68.2
Plastics and rubber products 49.1 35.9 50.7 38.7 92.8 66.4 54.0 32.9

Wholesale trade 28.6 28.5 24.4 23.1 38.3 37.5 40.6 49.1
Retail trade 28.6 34.2 48.9 51.0 47.4 57.5 29.3 35.8
Transportation and warehousing 79.3 77.2 59.3 61.7 11.7 15.2 108.4 103.1
Information 54.0 47.4 62.8 57.5 90.7 70.3 55.7 45.8
FIRE and management of companies 77.3 61.2 88.1 75.1 61.9 54.8 84.2 58.0
Professional, scientific and technical 
services

22.9 35.9 28.7 34.4 41.2 33.7 17.1 37.8

Administrative and waste management 29.4 28.2 39.9 27.5 46.1 36.6 22.2 27.7
Education, health and social assistance 54.4 52.6 23.2 26.5 5.2 14.2 68.4 69.3
Arts, entertainment, and recreation 47.3 33.2 40.9 34.2 135.0 117.5 51.2 33.9
Accommodation and food services 39.0 36.7 24.6 21.7 33.8 38.8 45.2 44.5
Other services (except public admin) 13.7 17.2 21.8 43.0 56.8 88.4 13.0 12.7
Business Sector 73.1 65.2 62.0 53.4 39.3 38.7 83.0 76.7
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Structures
87-99 00-07
156.6 194.4
136.4 149.6
108.9 102.3
275.1 236.5
412.9 265.5
131.8 189.9
149.8 115.7
170.1 201.8
136.1 117.7
214.5 225.6
90.1 72.3
67.9 47.6
67.5 45.1
54.1 44.9

144.4 110.6
58.5 62.5
81.0 100.2
107.5 100.0
74.2 38.0
238.6 204.1
569.3 354.9
157.4 143.4
105.5 73.0
65.8 96.9
51.4 66.0
307.7 256.4
116.7 100.9
125.8 99.5
26.6 63.7
34.5 51.7

125.2 131.5
91.6 53.0
78.3 83.6
27.6 27.2

159.0 155.0
Table 6
Canada-U.S. Capital Intensity Comparisons (U.S.=100), Period Average
(Statistics Canada Depreciation Rates for Both Countries)

* M&E includes ICT.

Total Capital M&E* ICT
87-99 00-07 87-99 00-07 87-99 00-07

Agriculture, forestry, fishing, and hunting 107.0 104.3 86.2 70.5 119.1 79.1
Mining 103.8 117.7 53.0 80.0 19.8 31.2
 Oil and gas extraction 86.1 85.8 47.3 100.5 9.6 25.6
 Mining, except oil and gas 157.7 126.6 59.9 57.0 35.6 35.1

Utilities 241.2 152.4 93.6 51.0 52.1 73.6
Construction 117.0 94.7 112.1 79.2 72.4 14.7
Manufacturing 118.1 85.7 128.5 91.1 28.8 36.6
Wood products 166.1 165.6 187.8 170.3 91.1 119.4
Non-metallic mineral products 115.9 95.5 128.7 102.7 30.5 53.7
Primary metals 164.0 162.7 174.0 167.1 55.0 97.5
Fabricated metal products 76.3 57.2 80.6 58.2 24.4 28.9
Machinery 57.3 33.9 60.2 33.1 11.1 12.3
Computer and electronic products 66.4 42.0 80.6 48.7 17.8 37.8
Electrical equipment 57.2 56.9 76.8 83.5 33.9 54.2
Transportation equipment 155.0 125.4 172.6 139.8 32.8 44.2
Furniture and miscellaneous manufacturing 44.8 43.8 46.8 43.7 17.9 28.4
Food, beverage, and tobacco products 71.5 85.5 76.7 89.2 36.5 57.4
Textile mills and textile product mills 119.5 101.9 136.6 112.7 71.0 125.8
Apparel and leather and allied products 79.8 36.0 111.2 43.7 70.5 51.7
Paper products and printing 193.8 136.3 208.1 137.1 91.3 73.8
Petroleum and coal products 190.1 134.5 44.9 66.2 22.6 26.8
Chemical products 124.5 97.3 112.6 79.3 22.4 27.2
Plastics and rubber products 84.5 64.0 83.9 65.1 107.9 76.0

Wholesale trade 39.8 39.7 32.0 29.9 49.3 45.6
Retail trade 47.5 57.5 69.3 70.4 62.9 72.1
Transportation and warehousing 154.6 137.3 85.6 86.8 15.4 19.7
Information 96.7 82.2 92.2 82.8 133.6 98.5
FIRE and management of companies 111.0 89.5 130.0 105.4 90.3 72.2
Professional, scientific and technical services 31.8 45.8 40.4 45.7 53.4 42.3
Administrative and waste management 42.0 41.0 58.3 39.9 66.6 49.9
Education, health and social assistance 91.0 85.3 30.6 34.2 6.6 17.8
Arts, entertainment, and recreation 78.4 48.5 48.5 39.3 184.6 128.7
Accommodation and food services 62.2 60.1 32.7 28.3 45.1 47.1
Other services (except public admin) 27.5 34.4 32.3 61.1 69.7 102.1
Business Sector 126.3 109.8 91.4 74.5 52.0 47.9
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Table 7
Canada-U.S. Capital Intensity Comparisons (U.S.=100), Period Average
(BEA Depreciation Rates for Both Countries)

* M&E includes ICT.

Total Capital M&E* ICT Structures
87-99 00-07 87-99 00-07 87-99 00-07 87-99 00-07

Agriculture, forestry, fishing, and hunting 145.2 148.6 74.7 62.8 131.7 81.2 253.4 289.4
Mining 114.9 119.5 44.2 63.6 17.1 29.4 154.7 156.6
 Oil and gas extraction 91.5 83.8 39.8 76.4 7.8 22.5 117.1 102.5
 Mining, except oil and gas 187.2 147.8 49.5 46.6 32.5 34.4 337.4 279.3

Utilities 158.6 110.3 61.0 32.9 44.1 71.2 232.4 165.8
Construction 106.8 86.8 104.5 70.2 71.6 12.6 121.1 156.1
Manufacturing 89.7 66.5 82.2 59.4 26.9 34.0 143.1 112.6
Wood products 111.3 112.1 114.2 107.3 87.7 112.3 143.5 158.4
Non-metallic mineral products 89.9 76.2 75.9 65.6 27.9 49.7 151.0 132.2
Primary metals 99.3 97.6 90.9 85.7 51.0 91.1 158.1 161.6
Fabricated metal products 56.4 41.8 48.3 36.7 22.7 27.0 91.4 68.4
Machinery 48.4 30.2 40.5 24.1 9.9 11.3 75.8 54.2
Computer and electronic products 54.1 34.5 56.3 34.7 15.8 33.8 71.5 48.3
Electrical equipment 48.9 43.7 49.4 49.6 27.6 47.9 72.1 56.2
Transportation equipment 114.5 97.2 120.6 101.6 32.1 41.1 131.4 113.7
Furniture and miscellaneous manufacturing 34.5 32.2 30.5 29.3 16.3 26.0 53.8 51.1
Food, beverage, and tobacco products 71.0 73.1 51.5 57.0 33.5 52.6 117.6 120.1
Textile mills and textile product mills 81.7 63.5 78.5 57.6 62.5 110.8 112.7 93.1
Apparel and leather and allied products 65.4 29.3 66.6 25.7 63.9 45.8 89.6 45.0
Paper products and printing 140.2 101.6 129.9 80.5 86.1 70.2 234.2 207.2
Petroleum and coal products 106.2 75.5 27.5 41.4 21.1 24.9 258.2 155.4
Chemical products 101.6 82.3 73.4 52.1 21.4 25.8 161.6 144.5
Plastics and rubber products 63.5 45.6 54.0 41.2 102.5 70.9 110.1 74.6

Wholesale trade 40.6 38.0 28.9 26.9 44.1 42.3 69.0 79.6
Retail trade 43.5 49.2 63.9 65.8 56.4 65.9 49.3 56.5
Transportation and warehousing 162.0 139.7 76.8 78.2 13.9 16.8 278.8 238.3
Information 100.8 86.3 94.2 82.2 138.7 101.8 123.4 109.6
FIRE and management of companies 107.2 87.4 120.8 103.1 84.6 70.6 126.0 100.5
Professional, scientific and technical services 26.1 39.5 34.7 41.0 50.1 39.9 22.3 47.2
Administrative and waste management 68.7 48.4 53.3 34.9 61.8 45.8 84.6 71.9
Education, health care and social assistance 124.6 109.4 31.7 33.5 6.3 16.2 163.5 156.0
Arts, entertainment, and recreation 66.4 46.8 48.4 37.7 151.1 125.0 73.5 51.0
Accommodation and food services 55.6 56.5 34.9 30.6 38.3 42.2 65.2 70.7
Other services (except public admin) 58.4 50.3 24.6 47.5 61.1 94.4 67.8 52.4
Business Sector 126.1 109.0 73.7 63.3 53.9 47.7 168.3 154.6
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 States
-08 87-08
.7 3.1
.3 -0.3
.9 0.7
.8 2.0
.7 2.9
.5 -1.8
.4 4.1
.2 0.2
.5 2.1
.6 2.8
.8 1.5
.4 2.0

9.9 22.6
.0 3.3
.3 2.6
.3 3.3
.3 0.8
.1 3.6
.8 3.9
.9 1.1
.8 0.7
.2 3.1
.6 2.8
.3 3.2
.7 4.0
.1 2.2
.7 5.2
.3 1.7
.3 1.8
.3 0.5
.8 -0.9
.8 0.8
.7 0.7
.2 -0.4
.2 2.0
Table 8
Labour Productivity* Growth in Canada and the United States, 1987-2008**
(Average Annual Rate of Change)

* Real value added per hour worked.
** 1987-2007 for U.S. sub-industries in the mining and manufacturing sectors.

Canada United
87-00 00-08 87-08 87-00 00

Agriculture, forestry, fishing, and hunting 3.4 2.9 3.2 4.0 1
Mining 2.1 -3.9 -0.3 3.0 -5
 Oil and gas extraction 4.8 -7.9 -0.2 3.3 -3
 Mining, except oil and gas 0.4 -1.4 -0.3 4.6 -2

Utilities 0.3 -0.7 -0.1 3.7 1
Construction 0.1 -0.5 -0.1 -0.8 -3
Manufacturing 3.2 0.9 2.3 4.0 4
Wood products 2.0 1.1 1.7 -1.3 3
Non-metallic mineral products 1.4 0.1 0.9 3.0 0
Primary metals 4.7 4.0 4.4 2.8 2
Fabricated metal products 1.2 0.1 0.8 1.4 1
Machinery 2.6 1.7 2.3 0.8 4
Computer and electronic products 9.8 -3.2 4.6 24.2 1
Electrical equipment, appliances, and components 3.6 -2.3 1.3 2.4 5
Transportation equipment 5.1 0.3 3.2 0.7 6
Furniture and miscellaneous manufacturing 2.7 1.3 2.2 2.7 4
Food, beverage, and tobacco products 1.6 1.0 1.4 0.5 1
Textile mills and textile product mills 1.5 -1.8 0.2 3.4 4
Apparel and leather and allied products 2.2 -4.3 -0.3 4.0 3
Paper products and printing 1.7 -0.6 0.8 0.2 2
Petroleum and coal products 3.0 -3.4 0.5 2.1 -1
Chemical products 3.9 0.0 2.4 2.0 5
Plastics and rubber products 2.6 -0.6 1.4 3.4 1

Wholesale trade 2.1 3.4 2.6 3.8 2
Retail trade 1.5 3.4 2.2 3.6 4
Transportation and warehousing 1.0 0.0 0.6 2.3 2
Information 2.7 3.0 2.8 3.1 8
FIRE and management of companies 1.5 1.2 1.4 1.9 1
Professional, scientific and technical services 1.2 0.3 0.8 0.9 3
Administrative and waste management -1.1 0.2 -0.6 -0.6 2
Education, health care and social assistance -2.2 0.5 -1.2 -1.9 0
Arts, entertainment, and recreation -2.0 -0.9 -1.6 0.2 1
Accommodation and food services 0.5 1.0 0.7 0.6 0
Other services (except public admin) 0.7 1.3 0.9 -0.8 0
Business Sector 1.2 0.8 1.0 1.8 2
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Table 9
Multifactor Productivity Growth in Canada and the United States under Different Depreciation 
Assumptions, 1987-2007 (Average Annual Rate of Change)

StatCan Depreciation Rates BEA Depreciation Rates
Canada United States Canada United States

87-00 00-07 87-00 00-07 87-00 00-07 87-00 00-07
Agriculture, forestry, fishing, and hunting 3.5 1.7 3.4 0.7 3.1 1.5 3.2 1.0
Mining 0.7 -5.3 2.6 -4.8 0.7 -4.5 2.2 -4.1
Oil and gas extraction 0.4 -6.6 1.4 -5.8 0.4 -6.0 0.9 -5.0
Mining, except oil and gas 1.1 -1.8 4.5 -2.7 0.7 -0.9 4.2 -2.0

Utilities 1.2 0.7 2.7 -0.3 0.5 0.8 2.0 0.2
Construction -0.3 0.1 -1.7 -4.4 -0.3 0.2 -1.6 -4.6
Manufacturing 2.9 1.1 3.0 4.4 2.9 0.8 3.2 4.0
Wood products 1.4 2.3 -1.3 2.7 1.5 2.0 -1.3 2.5
Non-metallic mineral products 0.9 0.8 2.8 0.0 1.0 1.0 3.0 -0.1
Primary metals 4.2 4.2 3.1 2.5 4.2 3.4 3.0 2.1
Fabricated metal products 1.7 0.8 1.1 1.8 1.7 0.6 1.2 1.5
Machinery 2.0 1.9 -0.5 3.7 2.2 1.6 -0.2 3.4
Computer and electronic products 8.6 -4.1 22.2 19.8 8.8 -4.3 22.4 19.8
Electrical equipment 2.4 -2.6 1.7 4.1 2.5 -2.9 1.5 3.5
Transportation equipment 4.1 0.7 -0.1 5.9 4.0 0.5 0.0 5.6
Furniture and miscellaneous manufacturing 2.2 0.6 2.4 3.5 2.3 0.5 2.4 3.2
Food, beverage, and tobacco products 0.6 0.6 0.5 1.9 1.1 0.8 0.3 1.4
Textile mills and textile product mills 1.2 -0.5 3.0 4.0 1.2 -1.1 3.0 3.0
Apparel and leather and allied products 1.6 -2.1 1.9 2.4 1.7 -2.7 1.9 1.5
Paper products and printing 0.9 1.1 -0.1 2.4 0.9 0.4 -0.3 2.0
Petroleum and coal products 3.6 -4.7 1.5 -5.1 3.5 -4.2 1.1 -3.6
Chemical products 3.2 2.1 0.1 5.0 3.0 1.3 0.3 4.3
Plastics and rubber products 2.4 0.0 2.5 1.0 2.6 0.0 2.6 0.4

Wholesale trade 1.0 2.7 3.0 1.8 1.3 2.8 2.9 1.8
Retail trade 0.6 2.2 3.0 4.6 0.7 2.4 3.0 4.4
Transportation and warehousing 0.8 0.0 2.1 2.5 1.1 0.3 2.4 2.5
Information 1.5 2.5 1.6 7.4 1.8 2.3 2.0 6.6
FIRE and management of companies 0.8 1.6 0.1 1.4 0.7 1.6 0.0 1.1
Professional, scientific and technical services -0.3 -0.1 -1.0 1.3 -0.2 -0.2 -0.7 1.3
Administrative and waste management -1.7 -0.8 -0.6 1.2 -0.6 0.1 -0.6 1.0
Education, health and social assistance -1.9 0.0 -2.0 0.2 -1.9 0.3 -2.0 0.3
Arts, entertainment, and recreation -2.3 -1.1 -0.6 0.7 -2.4 -1.0 -0.1 0.6
Accommodation and food services 0.3 0.4 0.5 0.8 0.1 0.5 0.5 0.7
Other services (except public admin) 0.2 1.0 -0.8 0.0 0.7 1.4 -0.7 -0.2
Business Sector 1.0 0.4 1.2 2.0 1.1 0.6 1.3 1.9
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apital Intensity
002 2007
0.5 59.1
9.0 92.2
1.6 57.2
2.4 95.1
9.5 51.2
2.2 68.3
5.0 44.8
3.6 81.8
8.1 43.4
5.1 55.7
8.5 31.1
9.6 19.6
9.2 20.9
0.5 26.8
9.5 75.3
1.9 24.3
2.3 45.5
9.4 36.1
6.9 14.9
2.8 57.6
5.5 62.1
9.9 44.5
5.2 37.0
6.9 30.7
1.4 37.4
8.2 77.5
0.1 44.0
9.0 62.1
6.6 34.3
4.3 35.2
2.3 54.8
1.5 33.4
4.0 41.5
7.2 17.2
3.7 67.1
Table 10: Canada-U.S. Productivity and Capital Intensity Comparisons (U.S.=100)
(Statistics Canada Depreciation Rates for Canada and BEA Depreciation Rates for the 
United States)

Labour Productivity MFP C
2002 2007 2002 2007 2

Agriculture, forestry, fishing, and hunting 85.5 86.4 115.4 120.2 6
Mining 88.9 88.0 104.5 93.8 7
Oil and gas extraction 87.9 81.6 130.5 132.7 6
Mining, except oil and gas 58.1 47.3 63.0 48.8 8

Utilities 76.5 62.7 111.3 102.1 5
Construction 149.5 192.5 161.6 210.3 7
Manufacturing 84.4 73.2 115.0 98.7 4
Wood products 121.8 118.9 136.3 125.0 7
Non-metallic mineral products 96.6 94.4 132.9 136.7 4
Primary metals 106.1 121.5 130.7 161.6 5
Fabricated metal products 64.2 59.3 94.4 86.7 2
Machinery 92.5 84.0 150.6 145.4 1
Computer and electronic products 50.9 22.4 53.4 26.4 2
Electrical equipment 51.8 41.7 79.2 62.9 3
Transportation equipment 110.7 101.7 127.3 109.7 6
Furniture and miscellaneous manufacturing 51.8 42.2 88.6 70.1 2
Food, beverage, and tobacco products 89.4 85.4 139.1 124.3 4
Textile mills and textile product mills 82.2 60.9 105.3 73.3 3
Apparel and leather and allied products 38.5 30.0 67.1 42.9 1
Paper products and printing 107.8 87.0 120.6 101.5 7
Petroleum and coal products 73.4 65.4 86.5 88.7 7
Chemical products 89.2 65.1 120.2 102.4 5
Plastics and rubber products 86.9 79.8 132.2 111.1 3

Wholesale trade 73.7 90.0 108.0 134.1 2
Retail trade 81.3 75.6 108.1 99.3 3
Transportation and warehousing 123.8 108.1 133.2 118.0 7
Information 64.5 46.6 89.7 70.9 5
FIRE and management of companies 70.0 72.1 90.8 91.3 5
Professional, scientific and technical services 45.4 38.6 57.1 50.6 3
Administrative and waste management 113.5 107.6 157.0 138.6 2
Education, health care and social assistance 99.4 95.9 110.5 106.3 5
Arts, entertainment, and recreation 39.6 39.0 54.8 53.9 3
Accommodation and food services 74.1 72.2 95.6 88.3 3
Other services (except public admin) 145.3 143.8 209.1 207.4 1
Business Sector 77.3 72.1 92.0 84.9 6
I N T E R N A T I O N A L  P R O D U C T I V I T Y  M O N I T O R 45



ity

07
.2

.1
.9
.2
.1
.5
.3
.8
.5

.4

.3

.6

.5

.4
.7
.7

.5

.8

.9

.2

.1

.7

.0

.1

.7
.7

.8

.8

.4

.7

.8

.5

.1

.4

.1
Table 11
Canada-U.S. Productivity and Capital Intensity Comparisons (U.S.=100), 2002 and 2007
(Same Capital Depreciation Rates for Both Countries)

Labour 
Productivity

StatCan Depreciation Rate BEA Depreciation Rate
MFP Capital Intensity MFP Capital Intens

2002 2007 2002 2007 2002 2007 2002 2007 2002 20
Agriculture, forestry, fishing, 
and hunting

85.5 86.4 82.8 86.2 105.5 100.5 67.7 67.6 148.2 148

Mining 88.9 88.0 79.3 72.5 118.1 128.0 78.9 71.2 119.0 131
Oil and gas extraction 87.9 81.6 94.9 100.3 90.9 79.0 97.8 100.4 87.7 78
Mining, except oil and gas 58.1 47.3 52.2 39.4 128.6 135.0 48.8 36.4 150.6 154

Utilities 76.5 62.7 53.9 49.0 162.3 140.4 67.0 62.7 120.1 100
Construction 149.5 192.5 151.8 196.9 93.7 90.8 154.6 202.5 86.9 80
Manufacturing 84.4 73.2 91.1 77.2 82.2 86.7 99.8 85.3 64.9 66
Wood products 121.8 118.9 105.2 104.9 148.8 166.0 120.8 115.2 102.1 113
Non-metallic mineral 
products

96.6 94.4 98.8 100.8 95.0 86.4 107.8 112.4 77.7 67

Primary metals 106.1 121.5 93.5 98.3 143.5 154.6 110.9 125.0 88.1 94
Fabricated metal products 64.2 59.3 77.9 69.5 53.3 61.5 85.3 77.3 39.6 44
Machinery 92.5 84.0 130.8 121.5 31.4 33.5 134.6 126.6 28.5 29
Computer and electronic 
products

50.9 22.4 52.4 24.8 46.8 37.5 52.9 25.4 38.2 30

Electrical equipment 51.8 41.7 63.7 50.6 56.1 54.0 69.8 54.9 43.5 41
Transportation equipment 110.7 101.7 104.6 94.0 116.0 135.0 114.3 101.3 92.0 101
Furniture and miscellaneous 
manufacturing 

51.8 42.2 71.5 55.8 40.1 45.8 79.4 62.3 29.9 33

Food, beverage, and tobacco 
products

89.4 85.4 97.2 87.3 85.0 95.5 104.4 95.8 73.9 78

Textile mills and textile 
product mills

82.2 60.9 83.9 60.6 92.5 102.7 94.3 66.5 59.6 61

Apparel and leather and 
allied products

38.5 30.0 53.6 36.5 34.6 35.7 57.0 37.9 28.5 28

Paper products and printing 107.8 87.0 95.6 83.3 140.9 116.6 106.2 89.2 104.6 91
Petroleum and coal products 73.4 65.4 55.6 59.1 160.8 117.1 78.8 82.0 88.7 70
Chemical products 89.2 65.1 86.4 72.1 105.7 83.2 95.2 78.4 89.4 71
Plastics and rubber products 86.9 79.8 106.0 90.2 61.0 69.1 120.1 102.5 44.7 47

Wholesale trade 73.7 90.0 97.8 120.3 37.7 42.4 98.9 122.6 36.3 40
Retail trade 81.3 75.6 95.3 85.5 52.4 64.1 98.4 90.3 46.1 52
Transportation and 
warehousing

123.8 108.1 112.5 96.7 137.8 138.4 111.7 97.4 141.4 135

Information 64.5 46.6 69.9 52.3 84.5 79.9 68.0 51.7 89.6 81
FIRE and management of 
companies

70.0 72.1 75.7 74.9 85.4 92.6 76.0 76.9 84.7 87

Professional, scientific and 
technical services

45.4 38.6 54.0 47.6 46.9 43.7 56.0 49.2 39.8 38

Administrative and waste 
management

113.5 107.6 144.1 126.2 35.3 51.8 135.8 126.9 45.7 50

Education, health care and 
social assistance

99.4 95.9 102.0 98.0 85.3 87.9 97.6 94.7 111.5 107

Arts, entertainment, and 
recreation

39.6 39.0 49.4 47.9 45.6 49.6 49.7 48.9 44.8 46

Accommodation and food 
services

74.1 72.2 85.2 78.8 55.5 68.4 86.0 80.2 53.3 63

Other services (except public 
admin)

145.3 143.8 181.6 178.3 34.0 35.6 166.1 168.8 52.4 46

Business Sector 77.3 72.1 75.4 68.5 106.8 113.3 75.1 69.6 107.7 109
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Table 12
Bilateral Industry PPPs between Canada and the United States, 2002 ($CAN/$U.S.)

Source: Hao et al (2008).

Value Added Total 
capital

M&E Structures

Agriculture, forestry, fishing, and hunting 1.74 1.28 1.48 0.94
Mining 2.16 1.06 1.36 0.86
Oil and gas extraction 2.16 1.05 1.37 0.85
Mining, except oil and gas 2.16 1.04 1.27 0.86

Utilities 1.32 1.16 1.42 0.93
Construction 0.72 1.35 1.47 1.04
Manufacturing 1.37 1.49 1.45 1.03
Wood products 1.46 1.46 1.52 1.04
Non-metallic mineral products 1.14 1.52 1.51 1.04
Primary metals 1.52 1.56 1.57 1.04
Fabricated metal products 1.78 1.54 1.62 1.05
Machinery 1.27 1.44 1.46 1.04
Computer and electronic products 1.67 1.38 1.30 1.05
Electrical equipment 1.62 1.41 1.29 1.05
Transportation equipment 1.39 1.46 1.55 1.05
Furniture and miscellaneous manufacturing 1.74 1.51 1.53 1.04
Food, beverage, and tobacco products 1.28 1.46 1.54 1.05
Textile mills and textile product mills 1.79 1.46 1.53 1.05
Apparel and leather and allied products 2.15 1.46 1.43 1.05
Paper products and printing 1.22 1.41 1.36 1.04
Petroleum and coal products 1.57 1.37 1.59 0.97
Chemical products 1.11 1.41 1.64 1.03
Plastics and rubber products 1.26 1.51 1.59 1.05

Wholesale trade 1.07 1.29 1.24 1.03
Retail trade 1.10 1.32 1.37 1.02
Transportation and warehousing 0.97 1.26 1.47 0.97
Information 1.30 1.21 1.21 1.00
FIRE and management of companies 1.20 1.28 1.22 1.04
Professional, scientific and technical services 1.37 1.14 1.07 1.02
Administrative and waste management 0.96 1.12 1.07 1.02
Education, health care and social assistance 1.22 1.17 1.23 1.03
Arts, entertainment, and recreation 1.79 1.11 1.32 1.03
Accommodation and food services 1.21 1.12 1.28 1.03
Other services (except public admin) 0.63 1.08 1.27 1.03
Business Sector 1.17 1.17 1.38 0.99
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Insights into Canada’s Abysmal 
Post-2000 Productivity 
Performance from Decompositions 
of Labour Productivity Growth by 
Industry and Province

Andrew Sharpe and Eric Thomson1

Centre for the Study of Living Standards

ABSTRACT
The Centre for the Study of Living Standards has released new estimates of labour, capital and
multifactor productivity growth and levels at the market sector, two-digit, and three-digit
NAICS industry level for the Canadian provinces during the 1997-2007 period. This article
exploits this database to shed light on the nature of the slowdown in labour productivity growth
in Canada after 2000. It identifies manufacturing as the sector that has accounted for most of the
slowdown. Within manufacturing, transportation equipment and computers and electronics are
found to be the industries that accounted for the lion’s share of the sector’s fall-off in labour
productivity growth. Ontario was the province that contributed proportionately the most to the
slowdown because of the concentration of manufacturing in this province. A fall in
manufacturing output growth is identified as the factor most responsible for the decline in
productivity growth in the sector.

RÉSUMÉ
Le Centre d’étude des niveaux de vie a publié récemment de nouvelles estimations de la
main-d’œuvre, du capital et de la croissance de la productivité multifactorielle et des
estimations nivelées pour les provinces canadiennes selon les branches d’activité pour la
période de 1997 à 2007 au niveau des industries à deux chiffres et à trois chiffres du secteur
du marché du SCIAN. Dans cet article, cette base de données est utilisée pour expliquer
partiellement la nature du ralentissement de la croissance de la productivité du travail au
Canada après 2000. L’article conclut que la fabrication est le secteur responsable pour la
plupart du ralentissement. Dans la fabrication, les branches du matériel de transport, ainsi que
de l’information et de l’électronique, sont celles qui sont largement en tête de liste pour la
chute de la croissance de la productivité du travail. Ontario était la province qui a contribué
proportionnellement le plus au ralentissement de la productivité en raison de la concentration
de la fabrication dans cette province. Les auteurs trouvent qu'une chute dans le taux de
croissance de la production du secteur de la fabrication  est responsable pour le déclin dans le
taux de croissance de la productivité du secteur.

1 Andrew Sharpe is the Executive Director of the Centre for the Study of Living Standards (CSLS). Eric Thom-
son was an economist at the CSLS when this article was written. An earlier draft was presented at the annual
meeting of the Canadian Economics Association (CEA) at Université Laval, Quebec, Quebec, May 28-30, 2010
and at an Industry Canada seminar on October 15, 2010. The authors would like to thank Doug May, discussant
at the CEA session, for comments. Email: andrew.sharpe@csls.ca.
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CANADA’S LABOUR PRODUCTIVITY GROWTH has
been very slow by historical standards since 2000.
Since productivity growth is the main driver of liv-
ing standards growth in the long run, this develop-
ment has important implications for Canada’s
economic future. In order to develop public policy
and private sector actions that address Canada’s
weak productivity performance, one must first
understand the nature of the productivity slowdown
and the reasons for it. The objective of this article is
to develop insights into Canada’s abysmal post-2000
productivity performance through the decomposition
of labour productivity growth by industry and prov-
ince.

Two key questions need to be answered to shed
light on the nature of the productivity slowdown.
First, which sectors and provinces were largely
responsible for the slowdown? Second, what is the
relative importance of within-sector and within-
province productivity developments compared to
sectoral reallocations of labour among provinces
and industries to aggregate productivity growth
and the aggregate productivity slowdown? Sharpe
(2010b) found that for the two-digit NAICS indus-
tries, manufacturing was responsible for all of the
fall in labour productivity growth between the
1973-2000 and 2000-2007 periods and that sec-
toral reallocations of labour were not a major con-
tributing factor. This article uses a new three-digit
NAICS data base for the 1997-2007 period devel-
oped by Statistics Canada for the Centre for the
Study of Living Standards to decompose labour
productivity growth at this more disaggregated
level (Sharpe and Thomson, 2010).

The goal of the decomposition is to break
down overall labour productivity growth into
the  componen t s  caused  by  wi t h in - s ec t o r
changes in labour productivi ty growth and
labour reallocation effects. There are two types
of reallocation effects to take into consideration.
The first is the reallocation level effect. This
effect is positive when the labour input share is

growing in industries that have above average
labour productivity levels or when the labour
input share is falling in industries with below
average productivity levels. It is negative when
labour is moving into industries with below
average productivity levels or leaving industries
with above average productivity levels. The sec-
ond is the reallocation growth effect. This effect
is positive if the growth rate of labour produc-
tivity is above average and the labour input
share of the industry is increasing or if the
growth rate is below average and the labour
share is decreasing. It is negative if the growth
rate of labour productivity is above average and
the labour input share is decreasing or if the rate
of growth is below average and the labour input
share is rising.

This article is divided into four sections. The
first presents the analytical framework for the
decomposition of labour productivity. The second
provides the results of the decompositions at the
provincial, two-digit industry, and the three-digit
industry level. The third section discusses devel-
opments in manufacturing, the key sector responsi-
ble for slower productivity growth since 2000. The
fourth section, summarizes the key results.

Analytical Framework2

To begin we note that at any given point in time.

 (1)

where
P = Aggregate labour productivity level
Pi = Labour productivity level in sector i
H = Aggregate hours worked
Hi = Hours worked in sector i
hi = Share of hours worked in sector i
Q = Aggregate real output
Qi = Real output of sector i

Equation (1) states that aggregate labour pro-
ductivity P is equal to the weighted average of

2 This section is based on Sharpe (2010a).

P Q
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ΣHiPi
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labour productivity in each of the sectors that make
up the economy. The weight for each sector is its
share of the total number of hours worked in the
economy.

Since we are interested in how shifts in hours
worked across sectors affect aggregate labour pro-
ductivity growth, we must move beyond a single
point in time. Equation (2) expresses the absolute
change in aggregate labour productivity from
period 0 to period 1,  where super-
scripts denote the period.

 (2)

In equation (2)  and  are respectively the
share of total hours worked in sector i and the level
of labour productivity in sector i in period 0,
expressed in dollars.

In order to obtain economically meaningful sec-
toral contributions to aggregate productivity
growth, we adjust the second term of equation (2)
by subtracting the average level of labour produc-
tivity  from the level of labour productivity in
each sector in period 0, . In the third term, we
subtract the average change in labour productivity

 from the change in labour productivity in each
sector, . The first adjustment ensures that an
increase in the share of hours in a sector with a
below-average labour productivity level makes a
negative contribution to aggregate labour produc-
tivity growth.3 The second adjustment also ensures
that an increase in the share of hours in a sector
with below-average absolute growth in labour pro-
ductivity makes a negative contribution to aggre-
gate labour productivity growth. The result of
these adjustments is equation (3):

(3)
We are able to subtract  and  from equa-

tion (2) because the terms  and  each
sum to zero across all sectors, since  and

are constant and all changes in the share of hours,
, sum to zero across sectors.

The three terms in equation (3) represent the
within-sector, reallocation level and reallocation
growth effects, respectively. The within-sector
effect captures the change in labour productivity
within a sector. The reallocation level effect indi-
cates whether changes in the share of hours have
favoured sectors with above- or below-average
labour productivity levels.  The reallocation
growth effect is the sum of the product of the abso-
lute change in the share of hours worked and the
absolute change in the labour productivity level for
each of the i sectors. It measures whether an econ-
omy is subject to a phenomenon akin to Baumol’s
cost disease, i.e. the tendency of labour to move
towards sectors with relatively small absolute
increases in labour productivity. A negative reallo-
cation growth effect at the aggregate level means
that labour is moving to sectors with relatively
smaller absolute labour productivity increases.

There are some limitations to this analysis. First,
the analysis assumes that differences in technolog-
ical, institutional, and market structures across
sectors lead to differences in average levels of
labour productivity, even if marginal products are
the same. It also assumes that when a sector loses
or gains labour, the changes in output per hour are
equal to the sector’s average output per hour
worked. Second, these results are sensitive to the
level of disaggregation. For instance, we use 12
sectors at the two-digit level. If within a sector,
resources shift from one subsector to another, and
these subsectors have different levels of labour
productivity, then the measured impact of the real-
location effect on aggregate labour productivity
growth would be different.

There is also a small issue with the estimates
from the Statistics Canada database used in the
decomposition. Real GDP used in the calcula-
tion of labour productivity is estimated using a

3 It is this adjustment for the average productivity level that differentiates our decomposition formula from that of
Tang and Wang (2004).

P∆ P1 P0–=

∆P Σhi
0 Pi∆ ΣPi

0
∆hi Σ∆hi∆Pi+ +=

hi
0 Pi

0

P0

Pi
0

∆P
∆Pi

∆P Σhi
0 Pi∆ Σ Pi

0 P0
–( )∆hi Σ∆hi ∆Pi ∆P–( )+ +=

P0
∆P

∆P∆hi P0
∆hi

P0
∆P

∆hi
5 0 N U M B E R  2 0 ,  F A L L  2 0 1 0  



dw
ard

 Is
lan

dk
ou

nd
lan

d a
nd

 La
bra

do
r

c
d L

ab
rad

or
Alb

ert
a

n Market 
 1997-

te Slowdown

own

dw
ard

 Is
lan

dk

ou
nd

lan
d a

nd
 La

bra
do

r

-1.55
-1.35
-1.15
-0.95
-0.75
-0.55
-0.35
-0.15
0.05
0.25

On
tar

io

Man
ito

ba
Sa

sk
atc

he
wa

n

Pri
nc

e E

No
va

 Sc
ot

ia

Br
iti

sh
 Co

lum
bia

Ne
w 

Br
un

sw
ic

Qu
eb

ec

Ne
wf

Alb
ert

a

-3.5
-3

-2.5
-2

-1.5
-1

-0.5
0

On
tar

io
Man

ito
ba

Sa
sk

atc
he

wa
n

Pri
nc

e E
dw

ard
 Is

lan
d

No
va

 Sc
ot

ia

Br
iti

sh
 Co

lum
bia

Ne
w 

Br
un

sw
ick

Qu
eb

e

Ne
wf

ou
nd

lan
d a

n

chain-weighted index. By definition, the mathe-
matics of the decomposition requires the real
GDP estimates across industries to sum to the
real GDP estimate at the aggregate level. How-
ever, estimates of chain-weighted indices of
sub-sectors of real GDP generally do not sum to
the chain-weighted estimate of the aggregate
measure. However, this difference is generally
very small for periods that are close to the base
year and should have only a small effect on the
decomposition presented in section two (Diew-
er t  (1978) ,  Ehemann e t  a l .  (2002)) .  St i l l ,
because we use the aggregation of the chain-
weighted GDP to calculate labour productivity
levels, the labour productivity growth rates are
somewhat different depending on the level of
aggregation.

Results
The results section is divided into four parts

based on the level of the decomposition. The first
decomposes Canada’s market sector labour pro-
ductivity growth by province. The second decom-
poses Canada’s labour productivity by two-digit
NAICS industries at the national level. The third
decomposes labour productivity at the two-digit
level by province. The fourth decomposes Can-
ada’s labour productivity by three-digit NAICS
industry in the market sector at the national level.
All of the tables relating to the results are found at
the end of the article.

Market Sector at the Provincial 
Level

Labour productivity growth slowed in Canada
after 2000. From 1997 to 2000, labour productivity
growth was robust at 3.18 per cent per year. It fell
to a meager 1.09 per cent per year in the 2000-2007
period, a drop of 2.10 percentage points. The slow-
down was primarily due to a fall-off in within-
province productivity growth, not reallocation
effects among provinces. The within-effect con-
tributed -2.06 percentage points to the fall in Can-

Chart 1
Contributions by Province to the Slowdown i
Sector Labour Productivity Growth Between
2000 and 2000-2007
(a) Absolute Change

(b) Percentage Point Contribution to Aggrega

(c) Per Cent Contribution to Aggregate Slowd

Source: Table 1.
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(c) Per Cent Co

Source: Table 1
*Administrative 

Chart 2
Contributions
Slowdown in M
Between 1997-
(a) Absolute Pe

(b) Percentage
ntribution to Aggregate Slowdown

and Support, Waste Management and Remediation Services

ada’s labour productivity growth rate (Table 1).
Changes in the reallocation of labour across prov-
inces, both reallocation level and growth effects,
were relatively small contributors to the change in
labour productivity, only -0.02 percentage points
each. The very low reallocation effects were due to
the relatively limited amount of interprovincial
labour mobility. Alberta had the largest change in
labour input as its share of Canada’s total hours
worked increased by 1.4 percentage points from
1997 to 2007. It also had the largest reallocation
level effect: 0.03 percentage points between the
1997-2000 and 2000-2007 periods.

Chart 1 shows that Ontario experienced the larg-
est falloff in labour productivity growth after
2000: 3.11 percentage points. Given that contribu-
tions to aggregate productivity are a function of a
province’s share of total hours worked and the
change in productivity growth. Ontario made by
far the greatest contribution of -1.31 percentage
points, which is 62 per cent of Canada’s labour
productivity growth fall of -2.10 percentage
points. Quebec made the second largest contribu-
tion of -0.26 percentage points (12 per cent), and
British Columbia made the third largest contribu-
tion of -0.25 percentage points (12 per cent).

Two-Digit Industries at the 
National Level

Between the 1997-2000 and 2000-2007 periods
Canada’s labour productivity growth rate fell by
2.10 percentage points as noted above. Using a
two-digit NAICS industry decomposition, the
within-sector effect contributed -2.21 percentage
points, the reallocation level effect contributed
0.18 percentage points, and the reallocation
growth effect contributed -0.06 percentage points
(Table 2). The reallocation effects were higher than
in the provincial decomposition because there was
significantly more labour reallocation between
two-digit industries than between provinces.

The drop in Canada’s labour productivity was
broadly based. Labour productivity fell in 13 of 15

 by Two-Digit NAICS Industries to the 
arket Sector Labour Productivity Growth 

2000 and 2000-2007
rcentage Point Change

 Point Contribution to Aggregate Slowdown
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industries (Chart 2). Over half of the fall in Can-
ada’s labour productivity was attributed to the
manufacturing industry which contributed -1.11
percentage points, or 53 per cent. Manufacturing’s
within-sector effect contributed -0.93 percentage
points to the change in market sector labour pro-
ductivity growth between periods. Its reallocation
level effect contributed -0.16 percentage points
and its reallocation growth effect -0.01 percentage
points. The negative reallocation level effect
reflected its falling labour share combined with
above average labour productivity relative to other
Canadian industries. The industry with the second
largest contribution to Canada’s fall in labour pro-
ductivity was the agriculture, forestry, fishing and
hunting industry that contributed -0.31 percentage
points or 15 per cent.

Another point of interest is that the mining and
oil and natural gas extraction industry played only
a minor role in the post-2000 slowdown in labour
productivity; it contributed only -0.10 percentage
points (4.8 per cent) despite a drop of 8.22 percent-
age points in its labour productivity growth rate. It
had the second largest within-sector effect contri-
bution of -0.40 percentage points, yet the highest
contribution from reallocation level effect, 0.36
percentage points. Its reallocation growth effect
contr ibut ion was  -0 .06 percentage points .
Although sectoral reallocation level effects were
generally small, the mining and oil and gas extrac-
tion industry had a very large positive effect
because its labour input share was increasing com-
bined with its well above average level of labour
productivity.
Two-Digit Industries at the 
Provincial Level

The next step in the analysis is to combine the
information on the post-2000 labour productivity

slowdown by the 10 provinces with that by the 15
industries. The resulting matrix of 150 industry-
province contributions to the slowdown is further
disaggregated into within-sector effects, realloca-
tion level effects and reallocation growth effects.
Results for the four largest provinces (Ontario,
Quebec, British Columbia, and Alberta) are pre-
sented in Table 3.

Despite the large number of province and indus-
try combinations, several made major contributors
to the change in Canada’s productivity growth.
Between the two periods, Ontario’s manufacturing
industry contributed 0.76 percentage points to the
decline in Canada’s labour productivity growth of
2.10 percentage points, or 36.3 per cent of the fall,
despite accounting for only 6.9 per cent of the
hours worked in Canada in 2007.4 Quebec’s manu-
facturing industry played a similar role; it contrib-
uted 0.29 percentage points (13.8 per cent) to the
fall in Canada’s labour productivity growth rates
between periods. The fall in productivity growth in
Quebec and Ontario’s manufacturing sectors
explains half of the fall in productivity growth in
Canada between the 1997-2000 and 2000-2007
periods. The third most important industry-provin-
cial combination was Ontario’s finance, real estate,
renting and leasing industry (FIRE) contributed
0.18 percentage points (8.6 per cent) to the fall in
Canada’s labour productivity.

Labour productivity growth fell between the two
periods for 96 of the 150 province-industry combi-
nations. Eighty-six of 150 industries contributed to
the slowdown in Canada’s productivity growth.
Although 64 of the 150 combinations made a posi-
tive contribution to the change in Canada’s labour
productivity (a negative contribution to the slow-
down), the contributions were generally very
small.5 

4 Ontario’s labour productivity growth fell from 3.91 per cent per year in the 1997-2000 period to 0.81 per cent
per year in the 2000-2007 period, a slowdown of 3.11 percentage points. The largest falls in labour productivity
growth were in mining and oil and gas extraction (13.80 percentage points), agriculture, forestry, fishing, and
hunting (10.99 points), utilities (6.61 points), and manufacturing (5.83 points). In percentage points contribu-
tion to the 3.11 point market sector labour productivity slowdown, manufacturing was by far the largest contrib-
utor (-1.73 points or 56 per cent of the slowdown). Thirteen of 15 industries in Ontario experienced a slowdown
in labour productivity growth.
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Three-digit Industries
This section decomposes Canada’s labour pro-

ductivity at two-digit NAICS industries by their
three-digit NAICS industry subsectors. This pro-
vides more insight into the change in Canada’s
labour productivity growth rate by analyzing the
contributions of subsectors to industries.6

The contributions to the change in Canada’s
labour productivity growth rate by subsector were
estimated using a three-digit level decomposition
of Canada’s labour productivity growth which
included a total of 50 subsectors.

Manufacturing
Labour productivity growth fell from 4.68 per

cent per year in 1997-2000 to 1.14 per cent in
2000-2007, a slowdown of 3.55 points. Sixteen of
the 20 subsectors experienced a drop in labour pro-
ductivity growth rates between the two periods
(Table 4).

Decomposing the manufacturing industry into its
20 subsectors shows that the within-sector effect
contributed -4.61 percentage points, the reallocation
level effect contributed 0.86 percentage points, and
the reallocation growth effect contributed 0.21 per-
centage points to the fall in manufacturing’s labour
productivity growth rate between the two periods.
The positive reallocation effects show that despite a
very large decline in the labour productivity growth
in each subsector of manufacturing, the share of
labour input in manufacturing was growing in
industries which had higher levels of labour produc-
tivity and higher growth rates.7 The subsector that
made the largest contribution to the fall in manufac-

turing’s labour productivity growth rate was the
computer and electronic subsector, which contrib-
uted 1.06 percentage points. This was closely fol-
l o w e d  b y  t h e  t r a n s p o r t a t i o n  e q u i p m e n t
manufacturing industry, which contributed 1.04 per-
centage points. The computer and electronics sub-
sector and transportation and equipment subsector
together contributed 2.10 percentage points of the
3.55 percentage point fall or 59 per cent.

At the three-digit NAICS level, both the trans-
portation equipment and computer and electronic
subsectors made large contributions to the fall in
Canada’s labour productivity growth rate. The
transportation equipment subsector contributed
-0.31 percentage points and the computer and elec-
tronic subsector contributed -0.27 percentage
points. These two subsectors account for over a
quarter of the post-2000 slowdown in Canada’s
labour productivity growth.

Mining, and Oil and Gas Extraction
All three of the subsectors in mining and oil and

gas extraction had negative labour productivity
growth in the 2000 to 2007 period, and all of them
had a slowdown in the productivity growth rate
between the two periods (Table 5). 

Nearly all of the change was due to the within-
sector effect which contributed -13.14 percentage
points to the change in mining, and oil and natural
gas’s labour productivity growth rate. The reallo-
cation level effect was quite large at 5.39 percent-
age points as was the reallocation growth effect
which was -1.31 percentage points. The oil and gas
sector was largely responsible for these three

5 A sector can experience a fall in its productivity growth yet make a negative contribution to the slowdown in
aggregate productivity growth. This is possible when there is a large positive reallocation level effect. For
example, the utilities sector productivity growth fell 1.9 percentage points between 1997-2000 and 2000-2007
yet this sector made a negative contribution of 2.9 per cent (0.06 points) to the post-2000 slowdown due to a
0.13 percentage points positive reallocation level effect. The increase in labour input share of this very high pro-
ductivity level sector more than offset the negative within-sector effect.

6 It should be noted that the estimates of the rates of change in labour productivity growth at the two-digit
industry level in the previous section are slightly different than those calculated based on the three-digit
industries in this section. The difference is due to summing the chain-weighted index values of output to
calculate labour productivity as discussed earlier.

7 Ironically the share of labour input in high productivity subsectors may be growing not because of any
absolute employment increase but because employment levels are falling at a slower rate than those of low
productivity level subsectors.
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effects. It contributed -10.62 percentage points to
the within sector effect, 3.97 percentage points to
the reallocation level effect, and -1.24 percentage
points to the reallocation growth effect. Support
activities for mining and oil and gas extraction
actually had a reallocation growth effect (1.46 per-
centage points) that was larger than its within-sec-
tor effect  (-0.57 percentage points) ,  which
happened in very few industries.

Although the sum of the contributions by the
three subsectors of mining and oil and natural gas
was only -0.13 percentage points, there were some
interesting effects within the subsectors.8 The oil
and gas extraction sector contributed only -0.02
percentage points to the change in Canada’s labour
productivity, because its reallocation level effect
of 0.89 percentage points largely mitigated its
within-sector effect (-0.70 percentage points) and
its reallocation growth effect (-0.20 percentage
points). The negative labour productivity growth
in oil and gas extraction is not contributing signif-
icantly to the post-2000 slowdown in Canada’s
aggregate labour productivity growth because of
the very large positive reallocation level effects.

Agriculture, Forestry, Fishing 
and Hunting

Output per hour growth in agriculture, forestry,
fishing, and hunting fell 6.58 percentage points
from an average annual rate of 8.78 per cent in
1997-2000 to 2.20 per cent in 2000-2007 (Table 5).
Labour productivity growth fell in 3 out of 4 sub-
sectors between periods. Only fishing, hunting and
trapping had a positive change in labour productiv-
ity growth between 1997-2000 and 2000-2007.
The decline in the labour productivity growth rate
of the agriculture, forestry, fishing and hunting
industry was primarily due to the within-sector
effect which contributed -6.08 percentage points
and the reallocation level effect which contributed

-0.46 percentage points. The fall in crop and ani-
mal production’s labour productivity growth rate
contributed -5.69 percentage points to the fall in
the sector’s labour productivity growth between
periods and accounted for 0.29 percentage points,
or 13.8 per cent of the post-2000 slowdown in Can-
ada’s market sector labour productivity growth.

Other Services
Table 5 shows that in the other services industry,

all three subsectors had falling labour productivity
growth rates between the two periods. The decline
in the other services industry’s labour productivity
was primarily due to the within-sector effect which
contributed 1.31 percentage points of the 1.58
point fall and to a lesser extent the reallocation
level effect which contributed 0.20 percentage
points. Religious, grant-making and similar insti-
tutions contributed 0.78 percentage points, per-
sonal and laundry services contributed 0.60
percentage points and repair and maintenance con-
tributed 0.21 percentage points to the post-2000
decline in the labour productivity growth of the
other services industry.

The laundry and personal services subsector was
the largest contributor in the other services indus-
try to the change in Canada’s market sector labour
productivity growth rate at the three-digit NAICS
industry level. It contributed -0.04 percentage
points (2 per cent of the slowdown).

Administration Services, Waste 
Management and Remediation 
Services (ASWMR)

Table 5 shows that both the subsectors of admin-
istration services, waste management and remedia-
tion services (ASWMR) industry had a positive
change in their labour productivity growth rates
between the two periods. The growth within the
entire industry was primarily due to the within-

8 The number differs from the 0.10 percentage point contribution of the mining and oil and natural gas extraction
sector to the slowdown found in Table 2 because it is the summation of the subsector contributions. As noted in
footnote 5, when measured in chain dollars two-digit industry growth rates calculated directly differ from those
calculated by aggregating the output of the three-digit industries.
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sector effect which contributed 0.34 percentage
points and the reallocation level effect which con-
tributed 0.24 percentage points. The waste man-
agement and remediation subsector contributed
0.46 percentage points to the change in the indus-
try’s labour productivity growth rate and the
administration and support services contributed
0.26 percentage points.

Information and Cultural Industries
Table 5 shows that in the information and cul-

tural industries sector, only the motion picture and
sound recording subsector had a negative change
in labour productivity growth between 1997-2000
and 2000-2007. The 2.04 percentage point acceler-
ation in the information and cultural industry
labour productivity growth rate was primarily due
to the within-sector effect which contributed 1.96
percentage points. The increase in the labour pro-
ductivity growth rate of broadcasting and telecom-
munications contributed 1.11 percentage points to
the acceleration in the sector’s labour productivity
growth between periods.

At the three-digit NAICS decomposition level,
the contribution by all subsectors of the informa-
tion and cultural industry to the market sector was
small. The publishing, data processing, and infor-
mation services industry contributed -0.04 per-
centage points (-2 per cent) to the slowdown in
Canada’s labour productivity growth, the largest of
all information and cultural industry subsectors.

Transportation and Warehousing
Output per hour in the transportation and ware-

housing sector fell from an average annual rate of
1.65 per cent in 1997-2000 to 0.24 per cent in
2000-2007, a slowdown of 1.41 percentage points.
Four of the six subsectors experienced a prodcutiv-
ity growth slowdown between periods (Table 5).
The decline in the labour productivity growth of
the entire industry was primarily due to the within-
sector effect, which contributed -1.79 percentage
points. The reallocation level effect of the entire

industry contributed 0.30 percentage points due to
an increase in the share of labour in the high pro-
ductivity level pipeline transportation subsector,
which contributed 0.68 percentage points to the
reallocation level effect.

The air, rail, water, and sight-seeing and support
transportation subsector, which enjoyed more
rapid labour productivity growth after 2000, con-
tributed the most to Canada’s change in labour pro-
duct ivi ty  growth among subsectors  in  the
transportation and warehousing industry at 0.04
percentage points (-1.9 per cent of the slowdown).
The truck transportation subsector contributed the
most to the slowdown at -0.05 percentage points or
2.4 per cent.

Utilities
Table 5 shows that the labour productivity

growth in both subsectors of utilities, the electric
power, generation and distribution subsector and
the natural gas distribution, water and other sys-
tems sub sector, fell between the 1997-2000 and
2000-2007 periods. The change in labour produc-
tivity growth of the industry was primarily due to
the within-sector effect which contributed -1.90
percentage points of the -1.86 point change. The
reallocation level effects were negligible because
there was very little change in the share of labour
between the electric power, generation and distri-
bution subsector and the natural gas distribution,
water and other systems sub sector.

At the three digit NAICS decomposition level,
the electric power, generation and distribution sub-
sector contributed -0.08 percentage points to the
decline in Canada’s labour productivity growth of
2.10 percentage points offsetting 3.8 per cent of
the slowdown.

Explaining the Manufacturing 
Productivity Slowdown

Given the important role manufacturing played
in the post-2000 labour productivity slowdown in
Canada, it is useful to discuss the reasons for this
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development. This article makes the case that the
slowdown in manufacturing productivity can be
linked to a significant fall in the output growth of
the sector. This relationship is known as Ver-
doorn’s law, which states that the higher the rate of
output growth, the higher the rate of labour pro-
ductivity growth. Verdoorn (1949) argued that
increases in output result in further divisions of
labour, higher specialization, lower overhead
costs, and ultimately increased labour productiv-
ity. Verdoorn’s original specification was simply
defined as:
∆Labour Productivity = µ+ β ∆Output

He estimated that every 10 per cent increase in
output is associated with a roughly 4.5 per cent
increase in labour productivity.

Kaldor (1966) further specified Verdoorn’s law
for the manufacturing sector, stating that higher
output growth in the manufacturing sector led to
higher labour productivity growth in manufactur-
ing and the entire economy. Kaldor found that the
relationship within the United Kingdom’s manu-
facturing sector was:
∆Labour Productivity = 1.035 + 0.484 ∆Out-
put

His result for manufacturing was very similar to
that of Verdoorn’s. However, he failed to find evi-
dence of Verdoorn’s law in any other industries
except for the construction and public utilities
industry.

Kaldor further expanded his hypothesis to say
that export demand was the primary constraint on
manufacturing growth, assuming that output is not
constrained on the supply side by either labour or
commodity inputs. Thus, his expanded hypothesis
is that export demand affects labour productivity
growth because increased export demand increases
output.9

Since Kaldor, other economists have empirically
tested for increasing returns to scale in a variety of
countries. Leon-Ledesma (1998) found over-

whelming support for increasing returns at the
regional level in Spain from 1962 to 1991 using
Kaldor’s hypothesis and alternative specifications
of Verdoorn’s law.

More recently, Angeriz et al. (2008) estimated
the Verdoorn law for European Union regional
manufacturing, and instead of labour productivity,
estimated the relationship between total factor pro-
ductivity and output growth. Their demand-side
specification estimated a range for the Verdoorn
coefficient of 0.502 to 0.673.

McCombie and Roberts (2007) found that all 11
studies that estimated the dynamic version of Ver-
doorn’s law found increasing returns to scale.10

They further assert that static versions suffer from
spatial aggregation bias and the results are biased
towards constant returns to scale.

Chart 3 shows that the estimates of Canada’s
labour productivity in manufacturing subsectors
are consistent with a dynamic version of Ver-
doorn’s law and has a coefficient of 0.67, higher
than Kaldor’s estimates but consistent with the
manufacturing sectors in other developed coun-
tries found by Angeriz et al. (2008). The chart is
based on the changes in output growth rate and
changes in the productivity growth rate between
1997-2000 and 2000-2007. In the manufacturing
industries where output growth between the two
periods declined substantially, labour productivity
growth declined as well. Many manufacturing
industries were unable to maintain their productiv-
ity growth rate as demand growth fell.

An additional piece of evidence that supports the
application of Verdoorn’s law to Canadian manu-
facturing is that capacity utilization was falling
dramatically as output fell in the subsectors of
manufacturing. Capacity utilization fell in 16 out
of 20 subsectors of manufacturing and fell most
dramatically in the subsectors with the largest
change in productivity and output, computer and
electronics and electric equipment (Chart 4). Fall-

9  Kaldor’s growth laws from his 1966 lecture are summarized in Thirlwall (1983).
10 The dynamic version of Verdoorn’s law uses the growth rates of labour productivity and output rather than

absolute the change in levels.
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ing capacity utilization affects productivity in at
least two important ways. First, a certain amount
of overhead labour will be required independent of
the rate of capacity utilization, such as for mainte-
nance, or administrative purposes. This base level
of labour means that as output growth falls, labour
will not fall by an equivalent amount. Second, fall-
ing capacity utilization may increase the number of
tasks and responsibilities per worker. Workers will
no longer be able to focus and specialize in specific
tasks; therefore, their productivity in the tasks they
perform will be reduced. In the entire manufactur-
ing sector, capacity utilization grew from 83.6 to
86.0 per cent between 1997 and 2000, but fell to
82.9 per cent in 2007. The capacity utilization of
computer and electronic equipment manufactur-
ing, which had the largest fall in output and labour
productivity growth rate, rose from 79.3 to 96.6
per cent between 1997 and 2000 and then fell to 88
per cent in 2007.

There is also evidence that Canada fits into the
Kaldorian model of export led growth, particularly
in Canada’s manufacturing sector. The domestic
components of aggregate demand were stable in
the 2000-2007 period relative to 1997-2000. In
both periods, real consumption advanced at an
annual rate of 3.5 per cent, government spending
grew 2.7-2.8 per cent, and business investment
increased around 5 per cent. Despite this stability
of domestic demand, real GDP fell from an aver-
age annual rate of advance of 5.0 per cent in 1997-
2000 to 2.5 per cent in 2000-2007. All of this slow-
down was due to the plunge in export growth from
9.6 per cent per year to 0.6 per cent.

Chart 5 shows that between the 1997-2000 and
2000-2007 period, the growth in export volume
fell dramatically in many commodities directly
tied to the subsectors of manufacturing with the
largest falls in productivity growth. Furthermore,
Chart 6 shows that Canada’s exports as a share of
GDP fell from 45.6 per cent to 34.9 per cent from
2000 to 2007. This is evidence that a decline in
output growth in the manufacturing sector was

int Change between 1997–2000 and 2001-
ity Utilization and Productivity Growth

ics Canada.

int Change in Productivity Growth 
he Percentage Point Change in Output 
en in Manufacturing in Canada 1997-2000 
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caused by a decline in the demand for manufactur-
ing exports.

It is clear that both output growth and labour
productivity growth in manufacturing stagnated in
the period after 2000. Applying Verdoorn’s law, it
seems that the fall in output demand in manufac-
turing is what led to a fall in labour productivity by
reducing the capacity utilization in much of manu-
facturing’s subsectors. Furthermore, the fall in out-
put was not caused by a fall in the domestic
demand for manufactured goods, but due to a fall
in the demand for manufacturing exports after
2000.

Conclusion
The new productivity database allowed us to

decompose Canada’s productivity in the 1997-
2000 and 2000-2007 periods to shed light on the
nature of the post-2000 productivity slowdown by
province, by industry and by industry-province.
Below we present the key conclusions to our anal-
ysis.

The within-sector effect, that is the change in
labour productivity growth rate of a particular
province or industry, was much more important
than the reallocation effects for both provincial
and industrial decompositions of labour productiv-
ity growth. Essentially, sectoral reallocations can-
not  expla in  much of  the  change in  labour
productivity growth in Canada.11 The within-sec-
tor effects were particularly important for the pro-
vincial decomposition because there was very little
labour mobility between provinces. 

Ontario made the largest contribution to the
decline in Canada’s labour productivity growth
rate between the 1997-2000 and 2000-2007 peri-
ods. Sixty-two per cent of the fall in Canada’s
labour productivity growth rate can be attributed to
Ontario. 

Manufacturing was the industry that made the
largest contribution to Canada’s falling productiv-
ity growth. It contributed -1.11 percentage points

to the -2.10 percentage point change in Canada’s
labour productivity growth between the two peri-
ods or 53 per cent. Within manufacturing, 16 of the
20 subsectors had falling productivity levels. The
transportation manufacturing subsector and the
computer and electronic manufacturing subsector

11 This is consistent with the results for the slowdown between the 1973-2000 and 2000-2007 periods (Sharpe
2010b).

Chart 6
Nominal Exports as a Share of Nominal GDP
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Source: Statistics Canada.

Chart 5
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were responsible for approximately a quarter of the
fall in Canada’s labour productivity growth.

It is clear that output growth and labour produc-
tivity growth in manufacturing stagnated in the
period after 2000. Applying Verdoorn’s law, it
appears that the fall in growth of demand for man-
ufacturing products led to a fall in output growth
and hence in productivity growth. Furthermore,
the fall in output was not caused by a fall in the
domestic demand for manufactured goods, but due
to a fall in the demand for manufacturing exports.
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Table 
A Com 000 and 2000-2007 
Decom

Source: da measure of output was
calcu sults in slight differences
in th

uctivity Growth 
vince
on 
 

Total

Canada N/A
Newfoundl
Labrador

0.04

Prince Edw
Island

0.00

Nova Scoti 0.04
New Bruns 0.03
Quebec 0.37
Ontario 0.71
Manitoba 0.07
Saskatchew 0.08
Alberta 0.21
British Col 0.14
Sum Total 1.71

ds

on 
 Total

Per Cent 
Contribution 

to the 
Slowdown in 

Labour 
Productivity

Canada N/A N/A
Newfoundl
Labrador

-0.01 0.29

Prince Edw
Island

-0.01 0.31

Nova Scoti -0.03 1.63
New Bruns -0.02 1.12
Quebec -0.26 12.15
Ontario -1.31 62.21
Manitoba -0.09 4.26
Saskatchew -0.08 3.78
Alberta -0.05 2.58
British Col -0.25 11.68
Sum Total -2.10 100
Tables

1
parison of Provincial Contributions to Market Sector Labour Productivity Growth in 1997-2
posed into Within-sector, Reallocation Level Effects, and Reallocation Growth Effects

These estimates have been calculated by the CSLS using unpublished Statistics Canada data. Note that the aggregate Cana
lated using the sum of the provincial components, which are the sum of the real industrial output in each province. This re

e labour productiivty growth rates presented here and the database available on the CSLS website.

Labour Productivity Output Growth
Contribution to Aggregate Labour Prod

in the Market Sector by Pro

1997-2007 1997-2000 2000-2007

Difference 
between 
periods 1997-2007 1997-2000 2000-2007

Difference 
between 
periods

Within-
Province 

Effect

Reallocation 
Level 
Effect

Reallocati
Growth
Effect

1997 to 2007
(compound annual growth rate) (compound annual growth rate) (percentage points)

1.71 3.18 1.09 -2.10 3.61 5.99 2.61 -3.37 N/A N/A N/A
and and 4.02 4.83 3.68 -1.15 6.68 8.70 5.83 -2.87 0.04 0.00 0.00

ard 1.63 3.01 1.04 -1.97 2.95 4.62 2.25 -2.37 0.00 0.00 0.00

a 1.95 3.24 1.40 -1.84 3.22 5.73 2.16 -3.57 0.04 0.00 0.00
wick 1.79 2.89 1.33 -1.56 3.08 5.52 2.05 -3.46 0.03 0.00 0.00

1.74 2.62 1.36 -1.26 3.33 6.23 2.11 -4.12 0.37 0.00 0.00
1.72 3.91 0.80 -3.11 3.71 7.64 2.07 -5.56 0.71 0.00 0.00
2.12 3.75 1.43 -2.32 2.86 3.72 2.49 -1.23 0.07 0.01 0.00

an 2.17 3.64 1.55 -2.09 1.98 2.70 1.68 -1.02 0.07 0.00 0.00
1.41 1.83 1.24 -0.59 4.06 4.32 3.95 -0.37 0.19 0.02 -0.00

umbia 1.20 2.36 0.71 -1.65 3.29 3.04 3.39 0.35 0.15 -0.00 -0.00
1.68 0.04 -0.00

Contribution to Aggregate Labour Productivity Growth in the Market Sector by Province
1997 to 2000 2000 to 2007 Difference Between Perio

Within-
Province 

Effect

Reallocation 
Level Effect

Reallocation 
Growth 
Effect 

Total
Within-
Province 

Effect

Reallocation 
Level Effect

Reallocation 
Growth 
Effect 

Total
Within-
Province 

Effect

Reallocation 
Level Effect

Reallocati
Growth
Effect 

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
and and 0.05 0.00 0.00 0.05 0.04 0.00 0.00 0.04 -0.01 0.00 0.00

ard 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 -0.01 0.00 0.00

a 0.06 0.00 0.00 0.07 0.03 0.00 0.00 0.03 -0.04 0.00 0.00
wick 0.05 0.00 0.00 0.05 0.02 0.00 0.00 0.03 -0.03 0.00 0.00

0.56 0.00 0.00 0.55 0.29 0.01 0.00 0.30 -0.26 0.01 0.00
1.62 0.01 0.01 1.65 0.34 -0.01 0.00 0.34 -1.28 -0.02 -0.01
0.12 0.01 0.00 0.13 0.04 0.00 0.00 0.04 -0.08 -0.01 0.00

an 0.12 0.01 0.00 0.13 0.05 0.00 0.00 0.05 -0.07 -0.01 0.00
0.25 0.00 0.00 0.25 0.16 0.02 0.00 0.19 -0.08 0.03 0.00

umbia 0.29 0.01 0.01 0.31 0.08 -0.01 0.00 0.06 -0.21 -0.02 -0.01
3.12 0.05 0.01 3.18 1.06 0.03 0.00 1.08 -2.06 -0.02 -0.02
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Utilities
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Technical Services
Administrative and Support, 
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Accommodation and Food 
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Other Services (Except Public 
Administration)
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Market Sector
Agriculture, Forestry, Fishing 
and Hunting
Mining and Oil and Gas 
Extraction
Utilities
Construction
Manufacturing
Wholesale Trade
Retail Trade
Transportation and 
Warehousing
Information and Cultural 
Industries
Finance, Insurance, Real Estate 
and Renting and Leasing
Professional, Scientific and 
Technical Services
Administrative and Support, 
Waste Management and 
Remediation Services
Arts, Entertainment and 
Recreation
Accommodation and Food 
Services
Other Services (Except Public 
Administration)
Sum Total
ctoral Contributions to Market Sector Labour Productivity Growth in 1997-2000 and 
sed into Within-sector, Reallocation Level Effects, and Reallocation Growth Effects, 

ave been calculated by the CSLS using unpublished Statistics Canada data. Note that, the aggregate Canada measure of
using the sum of the provincial components which are the sum of the real industrial output in each province. This results
 the labour productivity growth rates presented here and the database available on the CSLS website.

Labour Productivity Output Growth
Contribution to Aggregate Labour Productivity 

Growth
in Market Sector by Industry 1997-2007

97-2007 1997-2000 2000-2007

Difference 
between 
periods 1997-2007 1997-2000 2000-2007

Difference 
between 
periods

Within-
Sector 
Effect

Reallocation 
Level 
Effect

Reallocation 
Growth 
Effect Total

(compound annual growth rate) (compound annual growth rate) (percentage points)

1.71 3.18 1.09 -2.10 3.61 5.99 2.61 -3.37 N/A N/A N/A N/A
4.21 8.70 2.34 -6.36 1.28 4.34 -0.01 -4.35 0.16 0.08 -0.06 0.18

-2.24 3.58 -4.64 -8.22 1.49 1.30 1.58 0.28 -0.11 0.08 -0.02 -0.05

-0.93 0.39 -1.49 -1.88 0.74 -0.14 1.12 1.26 -0.04 -0.01 0.00 -0.04
1.75 2.09 1.60 -0.49 5.54 4.43 6.02 1.59 0.13 -0.02 0.03 0.13
2.25 4.94 1.11 -3.83 1.95 7.72 -0.43 -8.15 0.56 -0.09 -0.11 0.36
3.73 4.75 3.29 -1.46 5.23 7.04 4.47 -2.57 0.30 0.00 -0.01 0.29
3.35 4.10 3.03 -1.07 5.06 5.76 4.77 -1.00 0.26 0.01 -0.01 0.27
0.69 1.74 0.24 -1.50 2.88 4.72 2.10 -2.62 0.04 0.00 0.00 0.04

3.00 1.59 3.62 2.03 5.60 9.39 4.02 -5.37 0.14 0.01 0.01 0.16

1.51 2.52 1.09 -1.44 4.08 4.94 3.72 -1.22 0.23 0.05 0.02 0.30

1.33 3.31 0.49 -2.82 5.49 11.08 3.18 -7.90 0.07 -0.03 0.02 0.05

0.34 -0.18 0.57 0.75 6.20 7.51 5.65 -1.86 0.01 -0.07 0.00 -0.05

-1.20 -1.13 -1.23 -0.10 2.91 3.92 2.48 -1.44 -0.01 -0.01 0.00 -0.03

1.08 1.83 0.76 -1.06 2.52 4.35 1.75 -2.60 0.03 0.02 0.00 0.05

2.13 3.03 1.74 -1.29 4.01 5.78 3.26 -2.52 0.05 0.00 0.00 0.05

1.83 0.02 -0.14 1.71
Contribution to Aggregate Labour Productivity Growth in Market Sector by Industry

1997 to 2000 2000 to 2007 Difference Between 1997-2000 and 2000-2007

ithin-
Sector 
Effect

Reallocation 
Level Effect

Reallocation 
Growth 
Effect Total

Within-
Sector 
Effect

Reallocation 
Level Effect

Reallocation 
Growth 
Effect Total

Within-
Sector 
Effect

Reallocation 
Level Effect

Reallocation 
Growth 
Effect Total

Per Cen
Contribu

to the
Slowdown

Labou
Productiv

(percentage points)

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
0.31 0.14 -0.02 0.42 0.08 0.05 -0.01 0.12 -0.23 -0.09 0.02 -0.31 14.83

0.20 -0.17 -0.02 0.01 -0.19 0.19 -0.08 -0.09 -0.40 0.36 -0.06 -0.10 4.78

0.02 -0.10 0.00 -0.08 -0.05 0.03 0.00 -0.02 -0.07 0.13 -0.01 0.06 -2.87
0.15 0.00 0.00 0.15 0.11 -0.03 0.01 0.08 -0.04 -0.04 0.00 -0.07 3.35
1.22 0.00 0.00 1.21 0.28 -0.16 -0.01 0.10 -0.93 -0.16 -0.01 -1.11 53.11
0.36 0.00 0.00 0.36 0.27 0.00 0.00 0.26 -0.09 0.00 0.00 -0.09 4.31
0.30 0.07 0.00 0.37 0.23 -0.01 0.00 0.22 -0.07 -0.08 0.00 -0.15 7.18
0.11 0.00 0.00 0.11 0.01 0.00 0.00 0.01 -0.10 0.00 0.00 -0.10 4.78

0.07 0.09 0.00 0.15 0.19 -0.02 -0.01 0.16 0.12 -0.11 -0.01 0.00 0.00

0.39 -0.02 0.00 0.36 0.16 0.08 0.01 0.25 -0.23 0.10 0.01 -0.12 5.74

0.17 -0.07 -0.01 0.09 0.03 -0.02 0.00 0.01 -0.14 0.05 0.00 -0.09 4.31

0.00 -0.08 -0.02 -0.10 0.02 -0.08 -0.01 -0.07 0.02 0.00 0.01 0.03 -1.44

-0.01 -0.01 0.00 -0.03 -0.01 -0.02 0.00 -0.03 0.00 0.00 0.00 0.00 0.00

0.06 0.01 0.00 0.07 0.02 0.02 0.00 0.05 -0.04 0.02 0.00 -0.02 0.96

0.07 0.00 0.00 0.07 0.04 0.00 0.00 0.04 -0.03 0.00 0.00 -0.03 1.44

3.40 -0.15 -0.07 3.18 1.19 0.03 -0.13 1.09 -2.21 0.18 -0.06 -2.09 100
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Table 3
Industry Contributions of the Four Largest Provinces to the Change in Canada’s Labour Productivity Growth between 
1997-2000 and 2000-2007 Decomposed into Within-sector, Reallocation Level Effects, and Reallocation Growth Effects

Source: These estimates have been calculated by the CSLS using unpublished Statistics Canada data.

Contribution to Aggregate Labour Productivity Growth in Canada's Market Sector by Province and Industry  

 
Labour 

Productivity 1997 - 2000 2000 - 2007 Difference Between 1997 - 2000 and 2000 - 2007  

 

1997 - 
2000

2000 - 
2007

Within-
Sector 
Effect

Realloc-
ation 
Level 
Effect

Realloc-
ation 
Growth 
Effect

Total
Within-
Sector 
Effect

Realloc-
ation 
Level 
Effect

Realloc-
ation 
Growth 
Effect

Total
Within-
Sector 
Effect

Realloc-
ation 
Level 
Effect

Realloc-
ation 
Growth 
Effect

Total

Per Cent 
Contribution 

to the 
Slowdown in 

Labour 
Productivity 

(compound annual 
growth rate) (percentage points) (percentage points) (percentage point differences)

Canada 3.18 1.09 3.12 0.05 0.01 3.18 1.06 0.03 0.00 1.08 -2.06 -0.02 -0.02 -2.10 100
                
Ontario                
Agriculture, 
Forestry, Fishing 
and Hunting

10.84 -0.16 0.08 0.05 -0.01 0.12 0.00 0.01 0.00 0.01 -0.08 -0.04 0.01 -0.11 5.18

Mining and Oil and 
Gas Extraction 5.80 -8.00 0.03 -0.01 0.00 0.01 -0.03 0.02 -0.02 -0.02 -0.06 0.03 -0.01 -0.03 1.60

Utilities 3.76 -2.85 0.06 -0.08 -0.01 -0.02 -0.03 0.03 -0.01 -0.01 -0.10 0.11 0.00 0.01 -0.62

Construction 2.16 1.47 0.06 -0.01 0.00 0.05 0.04 -0.01 0.00 0.03 -0.02 0.00 0.00 -0.02 0.90

Manufacturing 6.28 0.75 0.79 -0.03 -0.02 0.74 0.09 -0.12 0.00 -0.02 -0.69 -0.09 0.02 -0.76 36.28

Wholesale Trade 6.25 3.28 0.22 0.00 0.00 0.22 0.13 0.00 0.00 0.13 -0.09 0.00 -0.01 -0.09 4.46

Retail Trade 4.17 2.65 0.12 0.01 0.00 0.12 0.08 0.00 0.00 0.08 -0.04 -0.01 0.00 -0.05 2.26
Transportation and 
Warehousing 0.94 -0.09 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 -0.02 0.00 0.00 -0.02 0.96

Information and 
Cultural Industries 1.40 3.22 0.02 0.06 0.00 0.08 0.07 -0.01 0.00 0.06 0.05 -0.07 0.00 -0.02 0.90

Finance, Insurance, 
Real Estate and 
Renting and 
Leasing

3.66 0.56 0.27 0.01 0.00 0.28 0.04 0.06 0.00 0.10 -0.23 0.05 0.00 -0.18 8.58

Professional, 
Scientific and 
Technical Services

3.96 0.43 0.09 -0.04 0.00 0.06 0.01 0.00 0.00 0.01 -0.08 0.04 0.00 -0.05 2.18

Administrative and 
Support, Waste 
Management and 
Remediation 
Services

0.54 0.65 0.01 -0.03 -0.01 -0.03 0.01 -0.03 0.00 -0.03 0.00 0.00 0.00 0.00 -0.21

Arts, Entertainment 
and Recreation 0.45 -0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.17

Accommodation 
and Food Services 2.51 -0.34 0.03 -0.04 0.00 -0.01 0.00 0.01 0.00 0.01 -0.03 0.05 0.01 0.02 -1.11

Other Services 
(Except Public 
Administration)

3.42 0.70 0.03 -0.01 0.00 0.02 0.01 0.00 0.00 0.00 -0.02 0.01 0.00 -0.01 0.69

                
Quebec                
Agriculture, 
Forestry, Fishing 
and Hunting

6.99 2.40 0.04 0.01 0.00 0.05 0.01 0.00 0.00 0.02 -0.03 -0.01 0.00 -0.03 1.46

Mining and Oil and 
Gas Extraction 6.15 -2.32 0.02 0.00 0.00 0.01 0.00 0.00 0.00 -0.01 -0.02 0.00 0.00 -0.01 0.67

Utilities -1.59 -1.49 -0.02 -0.01 0.00 -0.03 -0.01 0.01 0.00 -0.01 0.00 0.02 0.00 0.02 -1.03

Construction 1.99 2.30 0.03 0.00 0.00 0.03 0.03 0.00 0.00 0.03 0.00 0.00 0.00 0.01 -0.29

Manufacturing 4.92 1.30 0.32 0.01 0.00 0.33 0.09 -0.04 -0.01 0.04 -0.23 -0.05 -0.01 -0.29 13.89
Wholesale Trade 1.27 4.30 0.02 0.00 0.00 0.01 0.07 0.00 -0.01 0.07 0.05 0.01 0.00 0.06 -2.71
Retail Trade 3.43 2.67 0.06 0.02 0.00 0.08 0.05 0.00 0.00 0.04 -0.01 -0.02 0.00 -0.03 1.58
Transportation and 
Warehousing -0.54 0.84 -0.01 0.00 0.00 -0.01 0.01 0.00 0.00 0.01 0.02 0.00 0.00 0.02 -1.14

Information and 
Cultural Industries -3.98 3.62 -0.04 0.04 -0.02 -0.01 0.04 -0.01 0.00 0.03 0.08 -0.05 0.01 0.04 -2.13

Finance, Insurance, 
Real Estate and 
Renting and 
Leasing

2.41 0.52 0.07 -0.01 0.00 0.06 0.01 0.01 0.00 0.03 -0.06 0.02 0.00 -0.04 1.76

Professional, 
Scientific and 
Technical Services

1.60 1.34 0.02 -0.02 0.00 -0.01 0.01 0.00 0.00 0.01 0.00 0.02 0.00 0.02 -0.92

Administrative and 
Support, Waste 
Management and 
Remediation 
Services

0.30 1.48 0.00 -0.03 -0.01 -0.03 0.01 -0.01 0.00 0.00 0.01 0.02 0.01 0.03 -1.47

Arts, Entertainment 
and Recreation -0.43 -0.36 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 -0.24

Accommodation 
and Food Services 3.28 1.10 0.02 0.04 0.00 0.06 0.01 0.00 0.00 0.00 -0.01 -0.04 0.00 -0.06 2.75

Other Services 
(Except Public 
Administration)

3.99 2.96 0.02 0.00 0.00 0.02 0.02 0.01 0.00 0.02 0.00 0.01 0.00 0.00 -0.05



Table 3, continued
Industry Contributions of the Four Largest Provinces to the Change in Canada’s Labour Productivity Growth between 
1997-2000 and 2000-2007 Decomposed into Within-sector, Reallocation Level Effects, and Reallocation Growth Effects

Source: These estimates have been calculated by the CSLS using unpublished Statistics Canada data.

 Contribution to Aggregate Labour Productivity Growth in Canada's Market Sector by Province and Industry  
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Total
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Per cent 
Contribution 

to the 
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Labour 
Productivity

 
(compound annual 

growth rate) (percentage points) (percentage points) (percentage point differences)

British Columbia                
Agriculture, Forestry, 
Fishing and Hunting -6.14 2.55 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.02 0.00 0.00 0.02 -0.74

Mining and Oil and Gas 
Extraction 0.00 -3.06 0.05 -0.02 -0.01 0.01 -0.01 0.02 -0.01 0.00 -0.06 0.04 0.00 -0.01 0.52

Utilities 4.96 4.96 -0.02 0.01 0.00 0.00 0.02 -0.01 -0.01 0.00 0.04 -0.02 0.00 0.01 -0.33
Construction -0.20 -1.23 0.01 0.01 0.01 0.03 -0.01 -0.02 -0.01 -0.04 -0.01 -0.03 -0.02 -0.07 3.19
Manufacturing 9.45 1.75 0.11 0.00 0.00 0.12 0.04 -0.01 0.00 0.03 -0.07 -0.01 0.00 -0.09 4.24

Wholesale Trade -4.17 3.44 0.05 0.00 0.00 0.05 0.03 0.00 0.00 0.03 -0.02 -0.01 0.00 -0.02 0.93

Retail Trade 0.51 1.93 0.05 0.03 0.00 0.09 0.02 -0.01 0.00 0.01 -0.03 -0.04 0.00 -0.08 3.71
Transportation and 
Warehousing 5.65 -0.18 0.04 0.00 0.00 0.04 0.00 0.00 0.00 0.00 -0.04 0.00 0.00 -0.04 1.98

Information and Cultural 
Industries 5.46 4.33 0.02 0.00 0.00 0.02 0.03 0.00 0.00 0.03 0.01 0.00 0.00 0.00 -0.23

Finance, Insurance, Real 
Estate and Renting and 
Leasing

5.08 1.88 -0.02 -0.01 0.00 -0.02 0.04 0.00 0.00 0.03 0.05 0.01 0.00 0.06 -2.70

Professional, Scientific and 
Technical Services 3.80 0.27 0.01 0.00 0.00 0.00 0.00 -0.01 0.00 -0.01 0.00 0.00 0.00 -0.01 0.24

Administrative and Support, 
Waste Management and 
Remediation Services

3.75 -1.71 -0.01 0.00 0.00 -0.02 0.00 -0.02 -0.01 -0.03 0.01 -0.02 0.00 -0.01 0.51

Arts, Entertainment and 
Recreation -0.82 -3.10 -0.01 0.00 0.00 -0.01 0.00 -0.01 0.00 -0.01 0.00 0.00 0.00 0.00 0.02

Accommodation and Food 
Services 0.89 1.10 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.01 -0.01 0.00 0.00 0.04

Other Services (Except 
Public Administration) -4.28 1.58 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 -0.01 0.31

                
Alberta                            
Agriculture, Forestry, 
Fishing and Hunting 3.64 4.40 0.08 0.04 -0.01 0.11 0.02 0.01 -0.01 0.03 -0.05 -0.03 0.01 -0.08 3.78

Mining and Oil and Gas 
Extraction 1.83 -6.19 0.01 -0.08 0.00 -0.06 -0.15 0.14 -0.08 -0.08 -0.15 0.22 -0.08 -0.02 0.75

Utilities 2.36 -1.85 0.00 -0.01 0.00 -0.01 -0.01 0.01 0.00 0.00 -0.01 0.01 0.00 0.01 -0.31
Construction 14.38 3.15 0.03 0.00 0.00 0.03 0.04 0.00 0.01 0.05 0.01 0.00 0.01 0.02 -0.97
Manufacturing 0.25 2.73 0.02 0.01 0.00 0.03 0.05 -0.01 0.00 0.04 0.04 -0.02 0.00 0.02 -0.81

Wholesale Trade -0.17 3.17 0.01 0.00 0.00 0.01 0.03 0.00 0.00 0.03 0.01 0.00 0.00 0.01 -0.67

Retail Trade 2.79 5.16 0.03 0.00 0.00 0.03 0.04 -0.01 0.00 0.04 0.01 -0.01 0.00 0.01 -0.37
Transportation and 
Warehousing 0.84 0.18 0.04 0.00 0.00 0.04 0.00 0.00 0.00 0.00 -0.04 0.00 0.00 -0.04 1.69

Information and Cultural 
Industries 1.53 4.91 0.03 0.00 0.00 0.03 0.03 0.00 0.00 0.02 0.00 0.00 0.00 -0.01 0.38

Finance, Insurance, Real 
Estate and Renting and 
Leasing

4.23 2.65 0.01 0.00 0.00 0.01 0.04 0.01 0.00 0.06 0.03 0.01 0.00 0.05 -2.17

Professional, Scientific and 
Technical Services 4.02 0.62 0.03 0.00 0.00 0.03 0.00 -0.01 0.00 0.00 -0.03 0.00 0.00 -0.03 1.66

Administrative and Support, 
Waste Management and 
Remediation Services

6.20 1.18 0.00 -0.01 0.00 -0.01 0.00 -0.01 0.00 -0.01 0.00 0.00 0.00 0.00 -0.16

Arts, Entertainment and 
Recreation 0.55 -0.44 -0.01 0.00 0.00 -0.01 0.00 -0.01 0.00 -0.01 0.00 0.00 0.00 0.00 -0.02

Accommodation and Food 
Services 4.76 3.47 0.00 -0.01 0.00 -0.01 0.02 0.01 0.00 0.02 0.02 0.02 0.00 0.03 -1.63

Other Services (Except 
Public Administration) -0.19 0.61 0.01 0.01 0.00 0.02 0.00 -0.01 0.00 -0.01 -0.01 -0.02 0.00 -0.03 1.44

                               

Sum Total of Four Largest 
Provincial Industries   2.94 -0.09 -0.10 2.75 1.07 -0.01 -0.16 0.89 -1.88 0.08 -0.06 -1.86 88.61
6 4 N U M B E R  2 0 ,  F A L L  2 0 1 0  



r Cent 
tribution 
o the 
down in 

abour 
ductivity

0.58
3.31

2.72

-4.21
1.28

4.73
11.63
2.26

-0.83

9.69
2.15

-0.40

3.46
2.45

1.67
29.90

6.91

29.31

-1.31

-5.30

00.00

Table 4
A Comparison of Sub-Sector Contributions to Labour Productivity Growth in Manufacturing between 
1997-2000 and 2000-2007 Decomposed into Within-Sector, Reallocation Level Effect, and Reallocation 
Output Labour Productivity
Contribution to Labour Productivity Growth in 

Manufacturing Sector by Sub-Sector

1997-2007 1997-2000 2000-2007
Difference 
between 
periods

1997-2007 1997-2000 2000-2007
Difference 
between 
periods

Within-
Sector 
Effect

Reallocation 
Level 
Effect

Reallocation 
Growth 
Effect Total

1997 to 2007
(compound annual growth rate) (compound annual growth rate) (percentage points)

Manufacturing Sector 1.80 7.82 -0.68 -8.50 2.19 4.68 1.14 -3.55
Food manufacturing 2.67 3.62 2.26 -1.37 3.03 2.78 3.14 0.36 0.00 0.00 0.00 0.00
Beverage and tobacco 
product manufacturing

-2.98 0.00 -4.23 -4.23 -0.79 4.36 -2.92 -7.28 0.30 0.00 0.00 0.30

Textile and textile product 
mills

-3.18 6.96 -7.23 -14.19 0.25 5.77 -2.03 -7.80 -0.03 -0.03 0.01 -0.05

Clothing manufacturing -4.63 4.81 -8.41 -13.22 -1.30 -0.02 -1.85 -1.83 0.00 0.02 0.01 0.04
Leather and allied product 
manufacturing

-7.83 1.13 -11.42 -12.55 -1.74 7.45 -5.44 -12.89 -0.02 0.05 0.03 0.05

Wood product 
manufacturing

2.31 7.46 0.17 -7.29 3.08 5.07 2.24 -2.83 0.00 0.01 0.01 0.02

Paper manufacturing -0.73 3.53 -2.50 -6.02 -0.09 4.78 -2.11 -6.88 0.19 0.00 0.00 0.20
Printing and related support 
activities

0.63 5.27 -1.30 -6.57 1.08 2.75 0.37 -2.39 -0.01 0.00 0.00 0.00

Petroleum and coal 
products manufacturing

1.03 1.19 0.97 -0.22 -2.76 -3.17 -2.58 0.59 0.03 0.00 0.00 0.04

Chemical manufacturing 2.57 5.42 1.38 -4.04 2.28 7.16 0.25 -6.90 -0.04 0.05 -0.03 -0.02
Plastics and rubber 
products manufacturing

3.02 8.81 0.63 -8.18 1.39 2.86 0.76 -2.10 0.18 0.02 0.00 0.20

Non-metallic mineral 
product manufacturing

4.45 6.33 3.65 -2.68 2.32 2.06 2.44 0.38 0.06 -0.02 -0.01 0.03

Primary metal 
manufacturing

2.44 6.26 0.84 -5.42 4.42 5.89 3.79 -2.09 0.06 0.00 0.00 0.06

Fabricated metal product 
manufacturing

3.59 12.12 0.14 -11.98 1.65 3.61 0.83 -2.79 0.29 -0.01 -0.03 0.25

Machinery manufacturing 2.54 4.83 1.57 -3.26 2.77 3.28 2.55 -0.74 0.11 -0.03 -0.02 0.06
Computer and electronic 
product manufacturing

2.04 25.44 -6.61 -32.05 3.43 20.40 -3.09 -23.49 0.21 0.00 0.00 0.21

Electrical equipment, 
appliance and component

-0.65 11.24 -5.35 -16.59 0.24 8.21 -2.99 -11.19 0.14 0.01 0.00 0.15

Transportation equipment 
manufacturing

2.04 8.03 -0.42 -8.45 3.28 7.75 1.43 -6.32 0.00 0.00 0.00 0.01

Furniture and related 
product manufacturing

3.34 14.85 -1.23 -16.09 2.66 5.35 1.53 -3.81 0.64 -0.05 -0.03 0.56

Miscellaneous 
manufacturing

4.58 7.95 3.18 -4.77 3.16 -0.36 4.71 5.07 0.07 -0.01 0.00 0.05

Sum Total 2.25 0.01 -0.05 2.15
Contribution to Manufacturing Labour Productivity Growth by Sub-Sector

1997 to 2000 2000 to 2007 Difference Bewtween Periods

Within-
Sector 
Effect

Reallocation 
Level Effect

Reallocation 
Growth 
Effect Total

Within-
Sector 
Effect

Reallocation 
Level Effect

Reallocation 
Growth 
Effect Total

Within-
Sector Effect

Reallocation 
Level Effect

Reallocation 
Growth 
Effect Total

Pe
Con

t
Slow

L
Pro

(percentage points)
Food manufacturing 0.26 0.03 0.01 0.30 0.29 -0.01 0.01 0.28 0.03 -0.04 -0.01 -0.02
Beverage and tobacco 
product manufacturing

0.17 -0.12 -0.02 0.04 -0.08 0.00 0.00 -0.08 -0.26 0.13 0.01 -0.12

Textile and textile product 
mills

0.09 0.01 0.00 0.11 -0.03 0.03 0.01 0.01 -0.12 0.01 0.01 -0.10

Clothing manufacturing 0.00 -0.04 -0.01 -0.05 -0.04 0.10 0.03 0.10 -0.03 0.14 0.04 0.15
Leather and allied product 
manufacturing

0.02 0.02 0.00 0.05 -0.01 0.01 0.00 0.00 -0.03 -0.01 0.00 -0.05

Wood product manufacturing 0.31 0.00 0.00 0.31 0.14 0.00 0.00 0.14 -0.17 0.00 0.00 -0.17
Paper manufacturing 0.34 -0.04 -0.01 0.29 -0.12 0.01 -0.01 -0.12 -0.46 0.05 -0.01 -0.41
Printing and related support 
activities

0.09 0.00 0.00 0.09 0.01 0.00 0.00 0.01 -0.08 0.00 0.00 -0.08

Petroleum and coal products 
manufacturing

-0.06 0.02 -0.01 -0.04 -0.04 0.04 -0.02 -0.01 0.02 0.02 -0.01 0.03

Chemical manufacturing 0.58 -0.10 -0.04 0.44 0.02 0.08 -0.01 0.09 -0.56 0.19 0.03 -0.34
Plastics and rubber products 
manufacturing

0.13 -0.03 -0.01 0.09 0.04 -0.02 0.00 0.02 -0.10 0.01 0.01 -0.08

Non-metallic mineral 
product manufacturing

0.05 0.00 0.00 0.05 0.06 -0.01 0.01 0.06 0.01 -0.01 0.01 0.01

Primary metal manufacturing 0.35 -0.01 -0.01 0.33 0.24 -0.01 -0.02 0.21 -0.12 0.00 -0.01 -0.12
Fabricated metal product 
manufacturing

0.24 -0.08 -0.02 0.13 0.06 -0.02 0.00 0.04 -0.18 0.07 0.02 -0.09

Machinery manufacturing 0.23 0.00 0.00 0.24 0.18 0.00 0.00 0.18 -0.06 0.00 0.00 -0.06
Computer and electronic 
product manufacturing

0.90 -0.02 0.03 0.91 -0.16 -0.02 0.03 -0.15 -1.06 0.00 0.00 -1.06

Electrical equipment, 
appliance and component 
manufacturing

0.19 0.00 0.00 0.19 -0.06 0.00 0.01 -0.06 -0.25 0.00 0.01 -0.25

Transportation equipment 
manufacturing

1.47 -0.13 -0.06 1.29 0.27 -0.02 0.00 0.25 -1.20 0.11 0.06 -1.04

Furniture and related product 
manufacturing

0.14 -0.10 -0.01 0.02 0.05 0.02 0.00 0.07 -0.09 0.12 0.01 0.05

Miscellaneous 
manufacturing

-0.01 -0.06 -0.03 -0.09 0.10 0.00 0.00 0.10 0.10 0.06 0.03 0.19

Sum Total 5.52 -0.66 -0.17 4.68 0.90 0.20 0.03 1.14 -4.61 0.86 0.21 -3.55 1

Source: These estimates have been calculated by the CSLS using unpublished Statistics Canada data.

Growth Effect
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Table 5
Contributions by Three-Digit NAICS Sub-Sector to Labour Productivity Growth between 1997-2000 and 
2000-2007 Decomposed into Within-sector, Reallocation Level Effect, and Reallocation Growth Effects by 
Sub-Sector

Source: These estimates have been calculated by the CSLS using unpublished Statistics Canada data.

 
Labour Productivity Contribution to Aggregate Labour Productivity Growth in the Sector by Sub-Sector

 

1997 - 
2007

1997-
2000

2000 - 
2007

Difference 
between 
periods

1997 to 2000 2000 to 2007

 

Within-
Sector 
Effect

Realloc-
ation 
Level 
Effect

Realloc-
ation 

Growth 
Effect Total

Within-
Sector 
Effect

Realloc-
ation 
Level 
Effect

Realloc-
ation 

Growth 
Effect Total

 (compound annual growth rate) (percentage points)

 A B C D E F G H I J K L
Mining and Oil and Natural Gas Extraction -2.01 4.42 -4.65 -9.06 N/A N/A N/A N/A N/A N/A N/A N/A

Oil and gas extraction -3.96 6.81 -8.23 -15.04 5.16 -1.10 -0.28 3.78 -5.46 2.88 -1.52 -4.11
Mining (except oil and gas extraction) -0.61 7.42 -3.87 -11.30 1.29 0.45 0.02 1.75 -0.67 0.40 -0.13 -0.40
Support activities for mining and oil and gas 
extraction -2.27 1.99 -4.04 -6.03 0.18 -1.11 -0.18 -1.11 -0.39 0.35 -0.10 -0.14

Sum Total     6.62 -1.76 -0.44 4.42 -6.52 3.63 -1.76 -4.65

Agriculture, Forestry, Fishing and Hunting 4.13 8.78 2.20 -6.58 N/A N/A N/A N/A N/A N/A N/A N/A

Crop and animal production 4.58 10.11 2.29 -7.82 7.20 0.10 -0.01 7.29 1.62 -0.02 0.00 1.60
Forestry and logging 2.98 4.94 2.15 -2.79 1.03 0.26 -0.01 1.28 0.45 -0.07 -0.01 0.37
Fishing, hunting and trapping 6.59 1.73 8.75 7.02 0.07 0.01 -0.01 0.07 0.40 0.00 -0.08 0.32
Support activities for agriculture and forestry 0.27 5.26 -1.79 -7.05 0.19 -0.01 -0.05 0.14 -0.07 -0.01 -0.02 -0.10

Sum Total     8.49 0.36 -0.07 8.78 2.41 -0.09 -0.11 2.20
Other Services 1.73 2.84 1.26 -1.58 N/A N/A N/A N/A N/A N/A N/A N/A

Repair and maintenance 2.68 3.14 2.49 -0.66 1.29 0.05 0.01 1.36 1.14 0.00 0.01 1.15
Religious, grant-making, civic, and professional and 
similar organizations 3.00 7.83 1.00 -6.83 0.81 0.01 0.01 0.83 0.11 -0.06 0.00 0.05

Personal and laundry services and private 
households 0.44 1.10 0.16 -0.94 0.53 0.08 0.05 0.66 0.07 -0.01 0.00 0.06

Sum Total         2.63 0.14 0.07 2.84 1.32 -0.06 0.00 1.26
Administration, Waste Management and Removal 
Services 0.32 -0.14 0.52 0.66 N/A N/A N/A N/A N/A N/A N/A N/A

Administrative and support services -0.02 -0.16 0.04 0.20 -0.15 -0.01 0.00 -0.16 0.04 0.00 0.00 0.04
Waste management and remediation services 4.24 2.89 4.82 1.93 0.23 -0.18 -0.04 0.01 0.38 0.05 0.04 0.48

Sum Total         0.08 -0.19 -0.04 -0.14 0.42 0.05 0.04 0.52

Information and Cultural Industries 2.99 1.56 3.61 2.04 N/A N/A N/A N/A N/A N/A N/A N/A

Motion picture and sound recording industries 1.27 1.49 1.17 -0.32 0.13 0.04 0.00 0.17 0.09 0.06 0.04 0.19
Broadcasting and telecommunications 4.00 2.91 4.47 1.56 1.82 -0.07 -0.02 1.73 2.89 -0.03 -0.02 2.84
Publishing industries, information services and data   
processing services 1.56 -0.73 2.55 3.28 -0.21 -0.10 -0.03 -0.34 0.71 -0.09 -0.04 0.58

Sum Total         1.73 -0.13 -0.04 1.56 3.69 -0.07 -0.02 3.61

Transportation and Warehousing 0.66 1.65 0.24 -1.41 N/A N/A N/A N/A N/A N/A N/A N/A
Air, rail, water and scenic and sightseeing 
transportation and support activities for 
transportation 

1.26 -0.37 1.96 2.33 -0.13 0.11 -0.02 -0.05 0.75 -0.10 -0.08 0.57

Truck transportation 0.34 2.39 -0.52 -2.91 0.62 -0.12 0.00 0.50 -0.14 -0.13 -0.02 -0.28
Transit and ground passenger transportation 1.26 4.19 0.03 -4.16 0.45 0.08 -0.02 0.51 0.00 0.01 0.00 0.02
Pipeline transportation 1.21 6.53 -0.98 -7.52 0.75 -0.60 -0.14 0.02 -0.10 0.08 -0.01 -0.02
Postal service and couriers and messengers 1.01 4.06 -0.27 -4.34 0.52 0.12 -0.02 0.62 -0.03 0.02 0.00 -0.01
Warehousing and storage -0.26 1.44 -0.98 -2.42 0.04 0.00 0.00 0.05 -0.03 0.01 -0.01 -0.04

Sum Total         2.25 -0.41 -0.19 1.65 0.46 -0.10 -0.12 0.24

Utilities -0.94 0.37 -1.50 -1.86 N/A N/A N/A N/A N/A N/A N/A N/A
Electric power generation, transmission and 
distribution -0.97 -0.18 -1.31 -1.13 -0.16 -0.01 0.00 -0.16 -1.14 0.00 0.00 -1.13

Natural gas distribution, water and other systems -0.71 4.35 -2.80 -7.16 0.54 -0.03 0.01 0.53 -0.37 0.01 0.00 -0.36
Sum Total         0.39 -0.03 0.02 0.37 -1.51 0.01 0.00 -1.50
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Table 5, continued
Contributions by Three-Digit NAICS Sector to Labour Productivity Growth between 1997-2000 and 2000-
2007 Decomposed into Within-sector, Reallocation Level Effect, and Reallocation Growth Effect by Sector 
and Sub Sector

Source: These estimates have been calculated by the CSLS using unpublished Statistics Canada data.

 
Contribution to Labour Productivity Growth in the 
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Contribution to the Change in Labour 

Productivity Growth in Canada's Market 
Sector between periods by Sub-Sector

Per Cent 
Contribution 

to the 
Slowdown in 

Market Sector 
Labour 

Productivity

 Difference Between 1997- 2000 and 2000 - 2007

 

Within-
Sector 
Effect

Realloc-
ation 
Level 
Effect

Realloc-
ation 

Growth 
Effect Total

Within-
Sector 
Effect

Realloc-
ation 
Level 
Effect

Realloc-
ation 

Growth 
Effect Total

 (percentage points)

 M = I - E N = J - F O = K -G P = L - H Q R S T  U = T / -2.10

Mining and Oil and Natural Gas Extraction N/A N/A N/A N/A N/A N/A N/A N/A N/A

Oil and gas extraction -10.62 3.97 -1.24 -7.88 -0.70 0.89 -0.20 -0.02 0.95
Mining (except oil and gas extraction) -1.96 -0.04 -0.15 -2.15 -0.14 0.06 0.01 -0.07 3.33
Support activities for mining and oil and gas 
extraction -0.57 1.46 0.08 0.97 -0.04 0.00 -0.01 -0.05 2.38

Sum Total -13.14 5.39 -1.31 -9.06 -0.87 0.94 -0.20 -0.13 6.19

Agriculture, Forestry, Fishing and Hunting N/A N/A N/A N/A N/A N/A N/A N/A N/A

Crop and animal production -5.58 -0.11 0.00 -5.69 -0.22 -0.10 0.02 -0.29 13.81
Forestry and logging -0.57 -0.33 0.00 -0.91 -0.02 0.00 0.00 -0.03 1.43
Fishing, hunting and trapping 0.33 -0.01 -0.07 0.25 0.01 0.00 -0.01 0.01 -0.48
Support activities for agriculture and forestry -0.26 0.00 0.03 -0.23 -0.01 0.00 0.00 -0.01 0.48

Sum Total -6.08 -0.46 -0.04 -6.58 -0.24 -0.10 0.02 -0.32 15.24

Other Services N/A N/A N/A N/A N/A N/A N/A N/A N/A

Repair and maintenance -0.16 -0.04 -0.01 -0.21 0.00 0.02 0.00 0.02 -0.95
Religious, grant-making, civic, and professional 
and similar organizations -0.69 -0.07 -0.01 -0.78 -0.02 0.00 0.00 -0.01 0.48

Personal and laundry services and private 
households -0.46 -0.08 -0.05 -0.60 -0.01 -0.03 0.00 -0.04 1.90

Sum Total -1.31 -0.20 -0.07 -1.58 -0.03 0.00 0.00 -0.04 1.90
Administration, Waste Management and Removal 
Services N/A N/A N/A N/A N/A N/A N/A N/A N/A

Administrative and support services 0.19 0.01 0.00 0.20 0.01 0.00 0.01 0.02 -0.95
Waste management and remediation services 0.15 0.23 0.08 0.46 0.00 0.00 0.00 0.01 -0.48

Sum Total 0.34 0.24 0.08 0.66 0.01 0.01 0.01 0.03 -1.43

Information and Cultural Industries N/A N/A N/A N/A N/A N/A N/A N/A N/A

Motion picture and sound recording industries -0.04 0.01 0.04 0.01 0.00 0.00 0.00 0.00 0.00
Broadcasting and telecommunications 1.08 0.04 0.00 1.11 0.06 -0.06 -0.01 -0.01 0.48
Publishing industries, information services and 
data processing services 0.92 0.01 -0.02 0.92 0.04 -0.01 0.01 0.04 -1.90

Sum Total 1.96 0.06 0.02 2.04 0.10 -0.07 -0.01 0.03 -1.43

Transportation and Warehousing N/A N/A N/A N/A N/A N/A N/A N/A N/A

Air, rail, water and scenic and sightseeing 
transportation and support activities for 
transportation 

0.89 -0.21 -0.05 0.62 0.05 -0.01 0.00 0.04 -1.90

Truck transportation -0.76 -0.01 -0.02 -0.79 -0.05 0.00 0.00 -0.05 2.38
Transit and ground passenger transportation -0.45 -0.06 0.02 -0.49 -0.03 0.00 0.00 -0.03 1.43
Pipeline transportation -0.85 0.68 0.13 -0.03 -0.05 0.04 0.01 0.00 0.00
Postal service and couriers and messengers -0.55 -0.10 0.02 -0.63 -0.03 -0.01 0.00 -0.04 1.90
Warehousing and storage -0.08 0.00 -0.01 -0.09 0.00 0.00 0.00 -0.01 0.48

Sum Total -1.79 0.30 0.08 -1.41 -0.11 0.02 0.00 -0.09 4.29

Utilities N/A N/A N/A N/A N/A N/A N/A N/A N/A

Electric power generation, transmission and 
distribution -0.98 0.01 0.00 -0.97 -0.03 0.12 -0.01 0.08 -3.81

Natural gas distribution, water and other systems -0.92 0.04 -0.01 -0.89 -0.04 0.01 0.00 -0.02 0.95
Sum Total -1.90 0.04 -0.01 -1.86 -0.07 0.13 -0.01 0.06 -2.86
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ABSTRACT
The marked acceleration of Finnish productivity growth since the mid-1980s is attributable to
intensifying creative destruction, understood as the joint effect of market entry and exit as
well as resource reallocation between continuing plants and firms. This acceleration
coincided with the economy-wide deregulation, liberalization, and the opening up of Finland,
which provided new incentives and opportunities, thus enabling individuals and businesses to
capitalize on intangible capital accumulated via sustained investment since World War II. The
“Nokia effect” was particularly important in the latter half of the 1990s, but productivity-
enhancing restructuring has been more widespread. Developments in Finland are contrasted
to those in Japan, Sweden, and the United States.

RÉSUMÉ
L'accélération marquée de la croissance de la productivité en Finlande depuis le milieu des 
années 80 est attribuable à l'intensification de la destruction créatrice, c'est à-dire l'effet 
conjoint de l'entrée et de la sortie sur le marché, de même que de la nouvelle répartition des 
ressources entre les usines et les entreprises qui se maintiennent. Cette accélération coïncide 
avec la déréglementation de l'ensemble de l'économie, la libéralisation et l'ouverture de la 
Finlande, facteurs qui procurent de nouveaux stimulants et possibilités, de sorte que les 
particuliers et les entreprises sont en mesure de tirer profit du capital incorporel accumulé par 
des investissements soutenus depuis la Seconde Guerre mondiale. L'"effet Nokia" a été 
particulièrement important dans la deuxième moitié des années 90, mais la restructuration 
favorable à la productivité a été plus répandue. L'évolution en Finlande est mise en parallèle 
ave celle qui s'est produite au Japon, en Suède et aux États-Unis.

FROM 1970 TO 2007, FINLAND’S real GDP per
capita grew 2.6-fold and labour productivity grew
3.0-fold; in the market sector, labour productivity
grew 4.0-fold.2 The country’s stellar performance

partly reflects success in catching up from an ini-
tially poor starting point. Even the manufacturing
sector, with more exposure to global competition
and more intense cross-border technology trans-

1 Maliranta is a Research Director at ETLA and contributed to this paper in the context of the project funded by
Tekes, the Finnish Funding Agency for Technology and Innovation (project 441/31/08). Rouvinen and Ylä-
Anttila are also Research Directors at ETLA and contributed as part of the collaborative research of ETLA and
BRIE, The Berkeley Roundtable on the International Economy at the University of California, Berkeley. Email:
mika.maliranta@etla.fi, petri.rouvinen@etla.fi, pekka.yla-anttila@etla.fi

2 Data sources: OECD and EU KLEMS (www.euklems.net).
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fer, suffered from competitive weakness in terms
of productivity: in 1970, the level of labour and
total factor productivity (TFP) in manufacturing
was only 60 per cent of the level in the United
States (Maliranta, 1996). Since the mid-1980s,
plant- and firm-level creative destruction has
played an important role in the catch-up process,
particularly in manufacturing but also in the mar-
ket sector as a whole.

Creative destruction, the term initially coined
by Schumpeter (1942), is a popular concept to
describe the micro-level dynamics of economic
growth. In this article, the term refers to productiv-
ity-enhancing restructuring at the plant or firm
level through entry and exit as well as resource
reallocation among continuing plants or firms.

We acknowledge that Schumpeter’s concept
misleadingly suggests that “destruction” is “cre-
ative”. Modern Schumpeterian growth theories
state that innovations bring about new business
opportunities and eventually create new jobs in the
units (plants or firms) exploiting them; in the pro-
cess, innovations also make some of the old units
and their technologies obsolete and destroy jobs
(e.g. Aghion and Howitt,  2009). Therefore,
“destructive creation” (induced by innovations)
might be a more appropriate term.

As an empirical matter, we find that productiv-
ity-enhancing restructuring was already intense
before the Finnish great recession of the early
1990s and during the recovery after the recession.
Destruction per se is not a necessary or sufficient
condition for creation when it comes to innovation;
it is rather an outcome.

Without its intense restructuring since the mid-
1980s, Finland would have replicated Japan’s lost
decade instead of having its now stellar perfor-
mance. Whereas the role of Nokia, and the Finnish
information and communication technology ICT
industry more generally, has been justly empha-
sized (Hyytinen et al., 2006; Lind, 2008), creative
destruction has been more widespread. Indeed, the

extent of its role is fully revealed only by studying
the micro-level plant data.

The change in Finnish productivity growth
dynamics coincides with economy-wide deregula-
tion, liberalization, and the opening up of Finland.
While mismanagement of this process also con-
tributed to the bust of the early 1990s (Honkapohja
et al., 2009; Jonung et al., 2009), this policy shift
is a key explanatory factor of the subsequent boom
(Honkapohja et al., 2009). By intensifying compe-
tition in both input and output markets, it provided
new incentives for both individuals and compa-
nies; by relaxing resource constraints, improving
allocative efficiency, and expanding markets, it
brought about new opportunities.

However, incentives and opportunities are not
enough. The thrust of Finland’s ability to make the
most of the changing circumstances is in the
steadily deepening intangible capital accumulated
via an increasing stream of public and private
investments in education and research since World
War II (Asplund and Maliranta, 2006; Dahlman et
al., 2006). Public support for private innovative
efforts was consolidated with Tekes, the National
Technology Agency, established in 1983. Since
then, Finland has been quite active in enterprise-
side innovation policy (Ylä-Anttila and Palmberg,
2007).

Creative destruction necessarily induces adjust-
ments involving shorter-term personal costs.
Cumulative longer-term (net) costs relate to how
these changes are handled and what kind of oppor-
tunities they open. Despite becoming more mar-
k e t - o r i e n t e d  a n d  h a v i n g  m o r e  i n t e n s e
restructuring, Finland has maintained its egalitar-
ian values, active social dialogue, and extensive
social safety nets,  which have undoubtedly
reduced the immediate costs of market-induced
turmoil. Besides the obvious longer-term eco-
nomic gains, there is also some indication of
broader benefits. Finnish life satisfaction has not
gone down in the era of more intense restructuring,
and Finland has steadily improved its position in
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international rankings of perceived happiness (e.g.
the World Values Survey). Despite the Finnish
economy contracting by 8 per cent in 2009, a
recent survey by the European Commission
(Eurobarometer 72) suggests that Finns are the
most optimistic about their future among the EU-
27 countries.

In this article, we extend in three ways the earlier
analysis by Lind (2008), who studies the role of
ICT production in explaining productivity trends
in Finland and Sweden. First, to obtain a broader
picture, we include Japan and the United States in
our comparison. Japan is a particularly interesting
case because it demonstrates that a crisis is not
necessarily followed by a recovery. Instead, a cri-
sis might result in prolonged stagnation in produc-
tivity development and economic growth when
some vital ingredients of growth are missing. Sec-
ond, while Lind (2008) emphasizes restructuring
between industries, we study changes hidden in
micro-structures, that is, in plant and firm dynam-
ics. Lind attributes an important part of the Finnish
productivity catch-up to the reallocation of
employment towards Nokia-dominated electrical
engineering. Our analysis shows that productivity-
enhancing micro-level restructuring was in fact
considerably more widespread. Third, we demon-
strate that the mid-1980s was a fundamental turn-
ing point in the Finnish productivity trajectories.
Indeed, we argue that the foundations of the late
1990s productivity surge date back to the early
1980s and even to earlier decades.

Our findings point to the importance of educa-
tion and innovation policies as longer-term factors
and to the importance of financial development
and market competition as more immediate causes
of productivity and economic growth. In three of
the related four policy domains, Finland forged
important new paths in the early 1980s. We will
not discuss in detail the relatively stable education

policy at that time, even if we wish to acknowledge
its crucial impact in postwar Finland.

Lind  (2008) ,  Ja lava  (2007) ,  and  Aul in-
Ahmavaara (2009) have recently considered
restructuring and productivity performance in Fin-
land. Contrasting their findings to those of
Maliranta (2003) suggests that, even at a quite
detailed industry-level, productivity-enhancing
restructuring has been stronger within the Finnish
manufacturing industries than between them. This
is in line with the recent job creation and destruc-
tion literature, which documents the prevalence of
simultaneous job increases and losses among pro-
ducers in the same industry (e.g. Davis and Halti-
wanger, 1999).

The rest of this article is organized as follows. In
the first section, we study the development of
aggregate productivity levels in Finland. In the
second section, we employ the traditional growth-
accounting approach. In the third section, we con-
sider an alternative micro-level decomposition
approach. The fourth section discusses develop-
ments in three policy domains. The fifth section
concludes our analysis.

Aggregate Productivity 
Development

In this section, we focus on the market sector
because the inclusion of the non-market sector dis-
torts international comparisons (Smith, 2004;
Hartwig, 2006). We consider manufacturing and
services separately due to differences in, for exam-
ple, the competitive environment.

Chart 1 illustrates the “great leap” in the Finnish
manufacturing labour productivity (indicated by
the thick solid line).3 In the mid-1980s, Finland
and Japan had much lower levels of labour produc-
tivity compared to Sweden and the United States,
which at that time were clearly at the global fore-
front (van Ark, 1993). Both Finland and Japan
advanced well in the latter half of the 1980s, but in

3 The relative productivity levels of these countries in the year 1987 were obtained from the comparisons of
Groningen University (see http://www.ggdc.net/databases/icop87.htm). Other years were extrapolated by using
a productivity time series obtained from the EU KLEMS database (see http://www.euklems.net/).
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the early 1990s, only Finland forged ahead and
caught up with the global productivity frontier.

Table 1 presents the same data as in Chart 1 as
annual averages over three periods. The accelera-
tion of the Finnish productivity in the mid-1980s is
remarkable both against the country’s own history
and in the international comparison. While still
being brisk by international standards, the growth
rate since the mid-1990s has been somewhat more
modest, even with the peaking “Nokia effect” in the
latter half of the 1990s.

Chart 2 considers market services.4 Finland and
Japan, the latter having a clearly lower productiv-
ity level, narrowed the gap to Sweden and the
United States until the early 1990s. Since then,
however, the gap for Finland seems to be widen-
ing, which is in part attributable to issues with the
EU KLEMS da ta  and  under ly ing  na t iona l
accounts; particularly in financial intermediation,

there are great difficulties in measuring nominal
output (not to mention volume).

As can be seen in Chart 3, in financial intermedi-
ation, Finland narrowed the gap up until the late
1990s, which is consistent with intensifying com-
petition and restructuring as well as with the adop-
tion of new information and communication
technologies in the sector.5 In our opinion, how-
ever, the subsequent developments are implausi-
ble. According to the EU KLEMS, the volume of 

4 The relative productivity levels in the year 1995 were obtained from the study by Inklaar and Timmer (2008).
Other years were extrapolated by using the productivity time series obtained from the EU KLEMS database
(see http://www.euklems.net/).

5 The relative productivity levels in the year 1995 were obtained from the study by Inklaar and Timmer
(2008). Other years were extrapolated by using the productivity time series obtained from the EU KLEMS
database (see http://www.euklems.net/).

Table 1
Labour Productivity Growth in Manufacturi
(average annual rate of change in per cent) 

Source: EU KLEMS database.

Finland Sweden USA

1970-1984 3.9 2.8 3.0
1984-1994 7.1 3.3 3.3
1994-2007 5.6 6.0 4.4

Chart 2
Labour Productivity Levels in Market Servic
(Finland 1995=100)
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output (value added) decreased 8.4 per cent from
1999 to 2007, while our observations point to
simultaneous improvements in customer offerings
and efficiency gains in providing them. It seems
likely that,  in this particular sector, quality
improvements are not fully captured in the Finnish
National Accounts. In the same period, the Swed-
ish output volume in financial intermediation
increased 45.2 per cent. This cross-country diver-
gence becomes especially puzzling after observing
that several major financial institutions operate in
both countries with similar business concepts.
Against this backdrop, also Chart 2 has to be taken
with a grain of salt.

A careful study on international productivity
differences in distributive trades by Timmer and
Ypma (2006) shows that Finland’s strong produc-
tivity performance is not restricted to only a few
manufacturing industries. The results for the total
trade sector in 2002 indicate that Finland’s level of

Table 2
Growth Accounting Decomposition of Labour Productivity Growth in the Market Sector 
(per cent or percentage points per year)

Source: EU KLEMS. Note that the components may not always add up due to rounding.

Labour productivity

Contribution of (percentage points)

Labour 
composition

ICT capital 
per hour

Non-ICT capital 
per hour TFP

(1)=(2)+(3)+(4)+(5) (2) (3) (4) (5)
Finland

1970-84 3.2 0.7 0.4 1.1 1.1
1977-84 3.4 0.8 0.5 0.7 1.4
1984-94 3.2 0.5 0.4 0.4 1.8
1994-07 3.5 0.1 0.6 0.2 2.5

United States
1977-84 1.6 0.1 0.8 1.0 -0.4
1984-94 2.6 0.2 0.7 0.6 1.1
1994-07 2.9 0.3 1.0 0.5 1.1

Sweden
1994-07 3.5 0.3 0.7 1.2 1.4

Japan
1977-84 4.1 0.5 0.4 1.1 2.1
1984-94 3.9 0.2 0.4 1.6 1.6
1994-06 1.9 0.4 0.4 0.6 0.5

tivity Levels in Financial Intermediation
100)

 Timmer (2008), EU KLEMS, and authors’ calculations.
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labour productivity was 16 per cent higher than
that of the United States, 35 per cent higher than
that of Sweden, and 147 per cent higher than that of
Japan. Only Luxembourg and the Netherlands
were found to be ahead of Finland. The trade sector
is particularly interesting for two reasons. First, in
this sector, international productivity comparisons
are more reliable than in most of the other service
industries. Second, it is among the sectors where
the use of ICT plays a decisive role in determining
productivity (van Ark et al., 2003). Observing that
Finland has been able to the exploit the productiv-
ity potential of ICT in different (non-ICT) indus-
tries is comforting, because ICT can still be
expected to be among the key drivers of future eco-
nomic growth.

Macro-level Sources of 
Productivity Growth

Table 2 presents a breakdown of how various
factors – labour composition, capital intensity
(both ICT and non-ICT), and total factor produc-
tivity (TFP) – contribute to labour productivity
growth (e.g. Jorgenson et al., 2002).6 Five aspects
are noteworthy.7 First, Finland has had high and
reasonably stable labour productivity growth in the
market sector since the early 1970s (the first col-
umn). Second, the contribution of TFP has been
high and growing (the fifth column). Third, both
labour productivity growth and the contribution of
TFP have continuously been higher in Finland than
in the United States. Fourth, in contrast to Finland,
the contribution of TFP has continuously declined
in Japan. In fact, the recent miserable labour pro-
ductivity growth in Japan can largely be attributed
to the depressed contribution of TFP. Fifth, the
contribution of ICT has been important across all
countries and periods and particularly so in the
Unites States.

6 An internationally comparable growth accounting information on the components of labour productivity growth
is readily available in the EU KLEMS database.

7 Sub-periods were partly determined by data availability. For the United States and Japan, growth account-
ing information has been available since 1978 and for Sweden since 1994 in the EU KLEMS database.

Chart 4
TFP Levels in Manufacturing (Excluding Ele
Electrical) 
(Finland 1995=100)

Sources: O'Mahoney and Timmer (2009), the EU KLE
authors calculations.

Chart 5
TFP Levels in the Market Service Sector (Ex
and Telecommunication)
(Finland 1995=100)

Sources: O'Mahoney and Timmer (2009), EU KLEMS, an
tions.
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Rapid TFP growth may be an indication of a
catch-up process. Chart 4 suggests that this is
indeed the case for Finnish manufacturing, even
after eliminating the “Nokia effect”. By the new
millennium, Finland had reached the frontier in
terms of TFP as well.

As a comparison of Chart 4 and 5 confirms, TFP
growth tends to be lower in services than in manu-
facturing. In services (Chart 5), the Finland–US
gap has remained about the same in recent decades,
although the aforementioned data concerns also
apply here.

While growth accounting is a useful descriptive
tool, it has some inherent problems: it does not
convincingly identify causal relations. Many
important contributing factors, such as various
forms of intangible capital, are not (explicitly)
considered. Furthermore, by embodying the idea
of a representative firm, the potentially important
and highly policy-relevant role of creative destruc-
tion is ignored; that is, the effect of entry of new
units (plants or firms), exit of older units, and real-
location of resources between continuing units
remain unrecognized. In the following section, we
explicitly isolate the contributions of these factors.

Micro-level Sources of 
Productivity Growth
Digging Beneath the Aggregate 
Productivity Numbers

As shown above, labour productivity growth in
Finnish manufacturing accelerated in the mid-
1980s, and the new steeper trajectory was sus-
tained throughout our remaining observation
period, which is primarily attributable to TFP
growth. Japan, however, has suffered from weak
productivity growth for almost two decades.

In this section, we exploit two recent micro-
level decompositions (Maliranta, 2009; Hyytinen
and Maliranta, 2010) to gain insights into the
forces driving favorable developments in Finland
that seem to have been absent in Japan.

Micro-level Decomposition
The results for micro-level sources of labour

productivity growth are based on the method orig-
inally proposed by Vainiomäki (1999), who uses it
to analyze skill upgrading. In productivity analy-
ses, similar methods have been used in previous
studies (Maliranta, 1997, 2003; Böckerman and
Maliranta, 2007; Diewert and Fox, 2009). They
differ from alternative methods (e.g. Baily et al.,
1992; Griliches and Regev, 1995; Haltiwanger,
1997; Balk, 2003) in three ways: First, in comput-
ing the entry component, the productivity level of
the new producers is compared to that of the
incumbents in the same year. Second, the within
component indicates the (weighted) average pro-
ductivity growth of the producers staying in the
industry. Third, the between component indicates
the contribution of restructuring among the incum-
bents. In addition to sound economic interpreta-
tion, the method used here has a solid theoretical
justification (Diewert, 2005).

The index of the industry productivity level is

defined as , where

is the index of unit’s i labour produc-

tivity,8 which is the log of value added  per

labour input ,and  is the weight of

unit i as measured by its labour input share. We

define the industry productivity index in the initial

year correspondingly:

. Because productivity

is measured in log-units, the difference in the

industry productivity index 

reflects the productivity growth rate of the indus-

try.

External Restructuring
Units that can be found either in year t and/or t-

1 can be classified into three mutually exclusive

8 A unit may refer to either a firm or a plant depending on which type of data are used.
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sub-groups (C,E,D): the sub-group of the continu-
ing (or incumbent) units (C) consists of those
found in the both years, the sub-group of the
entrant units (E) consists of those found in year t
but not in t-1, and the sub-group of the exiting (or
disappearing) units (D) consists of those found in
t-1 but not in t.

For the surviving units ( ), it is possible to
d e f i n e  a  p r o d u c t i v i t y  g r o w t h  r a t e

. To obtain a measure of
productivity growth within units, denoted here by
WH, we use a discrete Divisia index and in this
way link the productivity decomposition to the
index number literature:

, (1)
where

is the average labour input share of unit i in
years t-1 and t among the continuing units ( ).
When defined as a weighted average productivity
growth as above, the within component captures
the productivity growth rate of an average labour
input in the industry. The difference between the
industry productivity growth ( ) and the
within component indicates the effect of external
restructuring, denoted here by STR, on industry
productivity growth:

(2)
STR is the sum of three components (see Vaini-

omäki 1999):

 (3)
    Between

where is the change

in the labour input share of continuing unit i among

all continuing units,  is

the average productivity of unit i in years t-1 and t,

is the aggregate

(i.e., weighted average) productivity level of the

sub-group  in year t,

 is the aggre-

gate productivity level of the sub-group

 in year t-1,  is the
labour input share of the entrants among all of the

units in year t, and  is the

labour input share of the exiting units among all of
the units in year t-1.

The first component on the right-hand side of
(3) is the entry component, which is positive
when the weighted average productivity level of
the entrants is larger than that of the continuing
units in year t (i.e., ). The magnitude
of the effect depends on the labour input share of
the new units . The entry component indi-
cates how much higher (or lower) industry pro-
ductivity growth would have been if none of the
new units had made their entry in the period
from t-1 to t.9 The second component is the exit
component, which is positive when the weighted
average productivity level of the exiting units is
lower than that of the continuing units in year t-
1 (i.e., ). The third component is
the between component, which measures the
productivity-enhancing restructuring of labour
input shares among the continuing units. It is
positive when those units that increase their
share (i.e., ) have a higher productivity
level (the average in year t-1 and t) than the
weighted average of  the  incumbents  ( i .e . ,

) or when those producers that lose
their share (i.e., ) have a lower produc-
tivity level (the average in year t-1 and t) than 
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Creative Destruction in Finnish 
Manufacturing

Maliranta (2009) applies formula (2) in two
ways; first, he does so by performing a decomposi-
tion of labour productivity growth for all manufac-
turing plants together. In this case, the STR
component (that is, the entry, exit and between
components together) captures plant-level restruc-
turing both within and between industries. The
contribution of this component to annual labour
productivity growth is shown in Chart 6 (the line
with cubic markers). Three points are noteworthy.
First, the productivity growth effect of creative
destruction, which is measured by the STR compo-

nent  f rom equat ions  (2)  and (3) ,  began to
strengthen in the early 1980s, that is, before the
crisis. Second, in manufacturing, the effect was
also very strong both before (1987–1990) and after
the recession (1994–1995).11 Third, the effect of
creative destruction decreased considerably by the
end of the 1990s but was still considerable, varying
around 1 percentage point per year.

The computation using formula (2) was also per-
formed separately for fifteen manufacturing indus-
tr ies .  The industry-level  results  were then
aggregated to the level of the total manufacturing
industry by using the industry’s share of the total
hours worked as a weight.12 In this way, the pro-
ductivity effect of changing industry structures
was eliminated. These results are also shown in
Chart 6 (the line with diamond markers). The most
important additional finding that can be made now
is that productivity-enhancing restructuring
between plants within industries has been more
important than productivity-enhancing restructur-
ing between industries, which represents the dif-
ference between the two series shown in Chart 6.

Earlier analyses (Maliranta, 2003, 2005, 2009)
have shown that similar patterns in creative
destruction can be found in several manufacturing
industries. Furthermore, it has been found that that
creative destruction is positively related to the
industry’s R&D intensity with a lag of a few years
and to international trade with a somewhat shorter
lag. The results for selected industries in Chart 7
show that, although some differences can be found
in the intensity and time patterns, productivity-
enhancing restructuring has clearly been an impor-

10 It should be noted that the term appearing in the between component is here redundant because here it

holds by definition that . However, this formulation helps in interpreting the component; for

instance, a firm contributes positively to the between component when its average productivity level (i.e.,

) exceed that of the industry (i.e., ), and the firm increases its input share among the continuing

firms (i.e., ). 
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11 At its peak, the annual contribution of creative destruction was 3 percentage points. According to the EU
KLEMS data, the average annual labour productivity growth rate in Finnish manufacturing was 5.4 per
cent in 1970–2007.

12 To be more precise, each industry is weighted on the basis of its average share of total hours in t-1 and t.

ctivity-Enhancing Restructuring in the 
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(2009) and authors’ calculations.
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tant mechanism of labour productivity growth in
different industries. Due to its importance in Fin-
land, Nokia, and the manufacturing of telecommu-
nication equipment in general, deserves special
attention (Chart 8). Creative destruction has shown
an increasing tendency since the mid-1980s, that
is, also before Nokia’s global breakthrough in the
latter half of the 1990s.

Chart 9 shows the sub-components of creative
destruction in manufacturing, which show strong
year-to-year variation. The exit and between com-
ponents are positive and increasing until the mid-
1990s. The negative contribution of the entry com-
ponent decreased until the early 1990s and has

increased (i.e. become more negative) since then.
Overall creative destruction and thus productivity
dynamics have changed considerably in the obser-
vation period.

Maliranta (2009) as well as Hyytinen and
Maliranta (2010) find that younger plants and
firms (especially those that have been in existence
for five years or less) have disproportionally large
positive contributions to the exit component. This
is due to both a high exit rate (as measured by
employment share) and a relatively low productiv-
ity level of younger units. All in all, findings for
the entry and exit components partly reflect a
“revolving-door” mechanism, which may be con-

Chart 7
Contribution of Creative Destruction (STR component) to Labour Productivity Growth 
in Selected Industries
(percentage points)

Source: Maliranta (2009) and our own calculations.
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sidered an indication of intense market experimen-
tation. The process, however, is time-consuming; a
unit’s contribution to the exit component seems to
decline steadily over the first 10-15 years of the
life cycle. In other words, there is also a learning
process in the early part of the life cycle. Some
younger units find themselves to be competitive
and thus expand, while less successful ones shrink

(and eventually disappear). Because these mecha-
nisms take place among continuing units, they are
captured by the between and within components.
The above explains the strong co-movement of the
exit and between components in Chart 9; both are
indications of creative destruction, even if they
capture somewhat different aspects of it. Finally,
Chart 9 shows that the entry component has grown
more negative and the exit component more posi-
tive since the mid-1990s. In accordance with mod-
ern growth theory (Acemoglu et al., 2006), we
interpret this as intensifying experimentation in
the Finnish manufacturing sector.

Similar to Table 1, Table 3 shows within-indus-
try labour productivity growth rates and their
micro-level sub-components. Four aspects are
noteworthy. First, echoing Table 1, labour produc-
tivity growth picked up between 1975-1983 and
1983-1994.1 3  Second, now we observe that
increased creative destruction (that is, the STR
component) has substantially contributed to the
acceleration of industry productivity growth.
Third, both the exit and the between components
are important aspects of productivity-enhancing
restructuring. Fourth, a decrease in the entry com-
ponent in the years from 1995-2007 has made an
important contribution to the slowing-down in
industry productivity growth.

Chart 10 replicates Chart 1, with an additional
line indicating what the development in Finland
would have been without creative destruction.14 It
indeed seems that the mid-1980s was a decisive
point as far as productivity dynamics in Finland
are concerned. Since strictly comparable decom-
positions are not available for other countries, we
are unable to add their counterfactual trajectories.
However, as for the between component, Baily et
al. (2001) present comparable results for the
United States (see, in particular, their Figure 2).

13 Note that Table 1 and 3 are not strictly comparable; Table 1 originates from the Finnish National Accounts,
whereas Table 3 employs plant-level data, which naturally is the basis of compiling the National Accounts.

14 The index of the within component is defined as  with

 (the actual relative productivity level in 1975).
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The between component in US manufacturing was
close to zero with some cyclicality but without any
other distinctive time-patterns from 1973 to 1989;
a comparison to Chart 9 suggests that productivity-
enhancing restructuring between continuing plants
has been much more intense in Finland. Addition-
ally, an OECD study15 suggests that creative
destruction has made a much larger contribution to
productivity growth in Finland than in the United
States (or in a number of other countries included
in the study) (OECD, 2003).16 Evidence on cre-
ative destruction in Japan is briefly discussed
below.

The within plants component constitutes two
thirds and creative destruction the remaining one
third of the overall labour productivity growth in
Finnish manufacturing, when between-industries
restructuring is taken into account in addition to
within-industry developments. While the within
component is plainly more important, its contribu-
tion is far from the 100 per cent implicitly assumed
in growth accounting. Furthermore, as can be seen
from Chart 10, virtually none of the acceleration of
the Finnish productivity growth since the mid-
1980s is attributable to the within component.

Maliranta (2009) also performed analyses with a
TFP measure. On the whole, the results were simi-
lar, except that creative destruction components
were somewhat larger both in absolute and relative
terms, indicating that reallocation of both labour
and tangible capital play a role in the micro-level
restructuring.

Creative Destruction in Finnish 
Services

In Finnish manufacturing, global competition
destroyed low-productivity jobs and supported the
global expansion of high-productivity firms. This
does not seem to be the case in services, although
data constraints limit our analysis somewhat (we

resort to firm-level data, which are only available
since 1995).17

15 A methodological caveat of the OECD study is the following: the within component of the methods employed
in the study (and in many others) gives a downwardly biased estimate of the average productivity growth of the
continuing units because the sum of the weights is less than one.

16 Unfortunately, Sweden and Japan were not included in the OECD (2003) study.

Chart 9
Components of Creative Destruction within 
Manufacturing Industries
(percentage points)

Source: Maliranta (2009) and authors’ calculations.

Chart 10
The Role of Creative Destruction in Internat
Comparisons of Aggregate Labour Productiv
Manufacturing
(Finland 1995=100)

Source: Maliranta (2009) and authors’ calculations.
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Table 4 shows that, in services, the overall
labour productivity growth rate (1.2 percentage
points) is below the within-firm productivity
growth (1.7 percentage points), implying a nega-
tive contribution of creative destruction (-0.4 per-
centage points).18 This is mainly due to a negative
entry component (-1.2 percentage points). Addi-
tionally, Table 4 suggests that the “Nokia effect”
has had an important role since the mid-1990s but
is not the whole story in Finnish manufacturing.

Note that the manufacturing figures provided for
comparison differ from the ones above because
they are based on firm- rather than plant-level data.
To be more precise, firm-level analyses do not cap-
ture productivity-enhancing restructuring taking
place within multi-unit firms as they establish and
expand more productive businesses and divest less
productive ones (Maksimovic and Gordon, 2002),
a strategy that has been highly important for Nokia
and many other Finnish conglomerates.

The effect of financial deregulation and liberal-
ization is arguably symmetric in manufacturing
and services. At least in the case of Finland, how-
ever, the outcomes are quite different. We attribute

the difference to the asymmetric impacts of open-
ing-up and end-market competition in the two sec-
tors; developed financial markets seem to be a
necessary but not sufficient condition for intense
creative destruction.

Japanese Creative Destruction
Recent research has tried to find reasons for the

prolonged slow productivity growth in Japan since
the early 1990s; the lack of creative destruction is
one plausible explanation. Fukao and Ug Kwon
(2006) find that the reallocation of resources from
low to high productivity firms has been marginal in
Japan. Peek and Rosengren (2005) and Caballero,
Hoshi, and Kashyap (2008) come to similar con-
clusions, which both studies attribute to malfunc-
tioning financial markets patronizing inefficient
incumbents and discouraging entry.

Economic Policy in Finland
Major shifts in economic policy and related

changes in firms’ operating environments have a
vital role in the Finnish productivity surge. In con-
siderable part, thanks to the powerful forces

17 As compared to plant-level data considered so far, firm-level data have both strengths and weeknesses (Syver-
son, 2010). One advantage is that a firm can usually be considered to be a natural decision unit. One weakness
of firm-level data is that mergers, acquisitions, and “artificial” entries (because of the changes in firm codes in
the context of organizational restructuring) may distort decomposition results. As a robustness check, Hyytinen
and Maliranta (2010) perform decompositions with both plant-level and firm-level data (the latter results are
reported in Table 4). Both yield similar results in the Finnish case (the results with the plant-level data are avail-
able upon request). 

18 Productivity decompositions are performed separately for each pair of consecutive years and for twelve
service industries. The results are then aggregated to the total service sector level by using employment
weights so that the results gauge productivity-enhancing restructuring within industries.

Table 4
Decomposition of Labour Productivity Growth by Firm-level Sources, 1995-2007 
(percentage points per year)

Source: Hyytinen and Maliranta (2010) and authors’ calculations. The components may not always add up due to round-
ing.

Industry Firm Creative destruction
Components of creative destruction
Entry Exit Between

(1) (2) (3)=(1)-(2) (4) (5) (6)
Services 1.2 1.7 -0.4 -1.2 0.9 -0.1
Manufacturing 4.3 4.0 0.3 -0.4 0.4 0.3
Manufacturing, excluding 
electronics

3.1 2.9 0.1 -0.3 0.3 0.2
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unleashed during the late 1980s, Finland was able
to recover surprisingly quickly from the crisis of
the early 1990s, which (at that time) was the deep-
est faced by any OECD country in the postwar era.
The Finnish experiences indeed hold important
lessons for other countries, especially in these tur-
bulent times.

Between the early 1980s and early 1990s, Fin-
land went from a relatively closed mode of opera-
tion to a completely open one. Simultaneously, the
“public planning” mentality gave way to market
orientation. Major parts of these processes were
the dismantling of the heavily regulated bank-cen-
tric financial system and the removal of restric-
tions on cross-border capital and trade flows.
These factors, together with the collapse of the
Soviet Union, changed the competitive landscape,
particularly in manufacturing. The necessary
adjustments of both individuals and firms were
assisted by education and innovation policies,
which also sped up the transition from an (physi-
cal) investment-driven economy towards a leading
knowledge society, which Finland is today.

Product Market Competition
Increased product market competition influ-

ences productivity in two major ways. First, the
empirical literature suggests that there is typically
a positive relationship between competition and
innovation (for a review, see Sharpe and Currie,
2008). Second, reducing product market regulation

(PMR) has a positive effect on employment (e.g.
Nicoletti and Scarpetta, 2003).

OECD considers PMR in three domains: the
extent of state control, obstacles to entrepreneur-
ship, and barriers to investment and trade. These
indicators show a global trend towards more com-
petition. In the mid-1980s, Finland ranked poorly
among the OECD countries, and by the mid-1990s,
it ranked favorably, especially when it came to the
lack of obstacles to entrepreneurship. Therefore,
the absolute and relative change in Finland has
been exceptionally large. In more recent years,
both Finland and Japan show marked improvement
(Table 5).

Deregulation and Liberalization
The first steps towards liberalization of the

domestic financial markets were taken in the early
1980s. By the mid-1980s, bank lending rates were
deregulated, and private sector foreign borrowing
was allowed. Capital movements were liberalized,
and the central bank no longer regulated company
credit. Consequently, there was a huge influx of
foreign capital and a sizable domestic credit
expansion, as in Sweden (Jonung et al., 2009).
This led to overheating and contributed to the cri-
sis of the early 1990s, but through a wave of merg-
ers and acquisitions and new entry, it also led to
reorientation and restructuring of the business sec-
tor. Even if, in hindsight, the liberalization process
was mismanaged, there is no doubt about its

Table 5
Aggregate Product Market Regulation 
(a lower number indicates less regulation)

Source: Extracted on September 17, 2010 from OECD.Stat. The indicator represents the stringency of overall product
market regulation on a scale from 0 to 6, with higher numbers associated with policies that are more restrictive to
competition; see Wölfl et al. (2009) for details.

1998 2003 2008
Improvement 

1998–2003
Improvement 

2003–2008
Finland 2.078 1.297 1.188 0.781 0.109
United States 1.283 1.007 0.841 0.276 0.166
Sweden 1.933 1.494 1.302 0.439 0.192
Japan 2.188 1.409 1.112 0.779 0.297
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longer-term economic benefits not only in the tran-
sitory period but also more permanently because
resources continue to be mobilized more effi-
ciently (Hyytinen and Pajarinen, 2003).

Throughout the 1980s, the Finnish foreign trade
regime also experienced a major shift, particularly
when it came to the peculiar trade arrangement
with the (former) Soviet Union. Finland’s exports
to its eastern neighbor peaked at over a quarter in
the early 1980s; the share bottomed out at less than
5 per cent in the early 1990s. Despite some doubts,
the Finnish businesses with significant exports to
the former Soviet Union were able to reorient
themselves towards Western markets with relative
ease.

There is some evidence that the removal of entry
barriers and liberalization of financial markets
have increased entry and exit of plants and intensi-
fied job creation and destruction, at least in the
manufacturing sector. Maliranta (2003; 2009)
finds that an increasing number of new jobs were
created in new plants and an increasing number of
older jobs were destroyed due to exits after the
mid-1980s. In addition, Maliranta (2003) shows a
marked increase in dispersion of employment
growth rates between the continuing plants at the
same time. In other words, policy changes seem to
have been associated with increased restructuring
at the plant level. Productivity decompositions
shown in the previous section, in turn, indicate that
much of this restructuring has been productivity-
enhancing implying that many new high produc-
tivity jobs were created alongside destruction of
less productive ones.

Innovation Policy
Throughout the 1980s, diversifying the indus-

trial base became the focal point of (what at that
time was called) science and technology policy
(Ylä-Anttila and Palmberg, 2007). Tekes, the
National Technology Agency, was established to

funnel public support for private R&D. Both pub-
lic and private R&D grew rapidly, and by the late
1990s, Finland had surpassed the OECD-average
R&D intensity. Currently, the total R&D expendi-
ture in relation to GDP is approaching 4 per cent,
which puts Finland among the top three countries
in the world. While we attribute a part of this
progress to public efforts, we wish to emphasize
that the private sector finances roughly three quar-
ters of R&D conducted in Finland, which is one of
the largest shares among the OECD countries.

The role of public efforts in nurturing certain
inputs (particularly a capable pool of engineers)19

and in boosting the total amount of R&D con-
ducted is relatively easy to document. It is, how-
ever, much harder to isolate their role in promoting
longer-term productivity growth in the business
sector. The available evidence nevertheless sug-
gests that innovation policy has had a significant
independent and positive role (Ylä-Anttila and
Palmberg, 2007; Veugelers et al., 2009), although
deregulation and liberation as well as both domes-
tic and foreign competition seem to have been nec-
essary preconditions for it to materialize.

Conclusion
Finnish business sector productivity has soared

in the past few decades. In addition to macro-level
sources of productivity growth and within-unit
developments, our analysis shows that creative
destruction has a vital role.

Entry, exit, and resource reallocation among
continuing plants explain about one third of the
overall productivity growth in Finnish manufac-
turing since 1975 and virtually all of the productiv-
ity acceleration since 1985. The main explanatory
factors are increased competition and Finland’s
deepening integration into the global economy,
assisted on the “supply side” by education and
innovation policies.

19  The Finnish educational sector is almost completely public and virtually all of its services are provided free of
charge, even at the post-secondary or university level.
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In a frontier economy, creative destruction is
about experimentation, reallocation, and selection
among individuals (particularly managers) and
businesses. Consequently, it brings about some
personal discontinuities and uncertainties. It
would, however, be a mistake to assume that cre-
ative destruction would have longer-term negative
effects on life satisfaction. At least in Finland, it
seems that restructuring has rather promoted per-
ceived happiness. Finns arguably seem to under-
stand that creative destruction provides new
opportunities.
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Indian Manufacturing 
Productivity: What Caused 
the Growth Stagnation 
before the 1990s?

Abhay Gupta1
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ABSTRACT
This article addresses the question of why productivity growth in Indian manufacturing was
slow in the pre-reform period and analyzes how economic reforms in the 1990s accelerated
productivity growth. The answer lies in two subtle but important distortion-inefficiency
mechanisms, which affected productivity growth by distorting intermediate input allocation.
The interaction of quantitative restriction policies and inflexible labour laws resulted in lower
than optimal materials per worker usage. The combination of high inflation and unavailability
of credit exacerbated this factor distortion and lowered productivity growth further. Using a
panel dataset on Indian industries, this article finds widespread underutilization of materials
compared to labour until recently, and this sub-optimal materials per worker usage lowered
productivity growth.

RÉSUMÉ
Cet article cherche à déterminer pourquoi la croissance de la productivité dans la fabrication
en Inde a été lente dans la période préalable à la réforme et il analyse comment les réformes
économiques des années 90 ont accéléré la croissance de la productivité. La réponse tient à
deux mécanismes subtils mais importants de manque d'efficacité et d'effet de distorsion, qui
ont eu des répercussions sur la croissance de la productivité en créant un effet de distorsion
sur la répartition des intrants intermédiaires. L'interaction entre les politiques de restrictions
quantitatives et les lois rigides sur la main-d'œuvre ont entraîné une utilisation inférieure au
niveau optimal des matériaux par travailleur. L'inflation élevée et la non-disponibilité du
crédit ont ensemble exacerbé cet effet de distorsion des facteurs et ont fait diminuer
davantage la croissance de la productivité. Au moyen d'un ensemble de données recueillies au
moyen de panels sur les industries indiennes, on constate une sous-utilisation généralisée des
matériaux comparativement à la main-d'œuvre jusqu'à récemment, et cette utilisation sous-
optimale des matériaux par travailleur a fait diminuer la croissance de la productivité.

THE SLOW PRODUCTIVITY GROWTH in Indian man-
ufacturing before the late 1990s is cited as one of
the major reasons why the Indian economy could
not achieve high rates of economic growth. Indian

manufacturing productivity growth was slower
compared to that in other Asian economies like
China and Vietnam, as shown in Fernandes and
Pakes (2008). But more interestingly, the relative

1 The author is an analyst for Mathematics of Information Technology and Complex Systems (MITACS)
research network. This article draws from the author’s PhD thesis submitted to the Department of Economics at
the University of British Columbia. Email: abhayg@abhayg.com.
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performance of the manufacturing sector in India
was poor compared to the Indian services sector.
Chart 1 shows output and output shares of manu-
facturing and services in India for 1960-2002.
Manufacturing output grew during these 42
years, but that growth was slower than the
growth in services output, which starts
growing exponentially in the 1990s. The
contrast between these two sectors becomes
clearer when looking at their shares of total
output. The share of services jumped from
0.29 in 1960 to 0.50 in 2002, while the
share of manufacturing went from 0.11 to
0.18 in 2002.

Why is it that under a similar economic
environment the service sector grew at
remarkable rates while the manufacturing
sector did not? How did reforms in the 1990s
spur productivity growth in the manufactur-
ing sector? This article differs from previ-
ous articles2 in its approach to answering
these questions by introducing two new fac-
tors. First, the role of intermediate inputs is
examined, as this is missing from the dis-
cussion despite being the most important
difference between manufacturing and ser-
vices production processes. Second, this
article studies the effects arising from the
combination and interaction of policies,
which can be totally different from the indi-
vidual effects of policies. Adding these two
dimensions provides new insights into the
Indian economic growth experience.

By taking this appraoach, this article finds that
the difference between the growth performance of
the manufacturing and the service sector is caused
by the greater reliance of the former on intermedi-
ate inputs. Interactions and combinations of poli-
cies (inflexible labour laws in the presence of a
quota-permit system) and economic conditions
(high inflation in the presence of credit unavail-

ability) in India created distortions resulting in
production inefficiency. These mechanisms ham-
pered productivity growth in manufacturing by
forcing firms to operate at non-optimal intermedi-

ate input allocation. Economic reforms in the
1990s helped reduce these distortions by removing
many of these restrictions and, as a result, the
mechanisms that caused inefficiency disappeared.
This article discusses the economic mechanisms
through which government policies affected man-
ufacturing productivity at the firm level. 

To estimate the effect of a given policy, one
needs to isolate it from other policies. But the cet-

2 See Basu and Maertens (2007) for a survey of some of the explanations for economic growth in India after the
reforms.

Chart 1
Output and Output Shares of Manufacturing and
Services in India, 1960-2002
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eris paribus assumption comes at a cost, because
the interaction of different economic conditions
may give rise to mechanisms or incentives that are
totally different from the predicted outcomes of
any single policy. This is especially true in the case
of India, where different policies are not always
coordinated or synchronized. Rajan et al (2006)
argue that the development policies adopted after
India’s independence can be described as “idio-
syncratic”. In fact, the reason manufacturing
growth is relatively slower lies in the way the
Indian economy has evolved. By the time indus-
trial growth started to become the focus of five-
year plans, India had already embraced the social-
ist model of planning. Government regulations and
control greatly influenced Indian industry through
the notorious “license-raj” (the quota-permit sys-
tem) and rigid labour laws. Besley and Burgess
(2004) show that pro-worker industrial dispute
regulation tend to lower output, investment, pro-
ductivity and employment in manufacturing.
Fernandes and Pakes (2008) also find that labour is
underutilized in states with more restrictive labour
laws (e.g. an amendment to the Industrial Disputes
Act which made the firing of workers illegal
except with previous permission from the appro-
priate state government). 

Why do these worker-friendly labour laws end
up reducing product ivi ty and inducing the
underutilization of labour? This article shows that
it is because of the presence of the additional (and
often ignored) policy of a quota system. The inter-
action of the quota system with existing conditions
and labour laws created economic mechanisms
that distorted the usage of intermediate inputs,
which are very important in manufacturing pro-
duction (a share of 60 per cent of gross output).
This non-optimal allocation of intermediate inputs
resulted in inefficiencies in the manufacturing sec-
tor.

Unfortunately, the effect of the quota-permit
system on Indian industry has not received its due
attention. Mohammad and Whalley (1984) discuss

some of those licenses and other controls. Their
estimates of the welfare losses from rent seeking in
India are as high as 30-45 per cent of GNP. The
main sources of rent seeking were price controls
and rationing. Das (2004) finds that the structure of
import licensing remained restrictive and compli-
cated throughout the 1980s and even in the early
1990s. In general, labour laws have not changed
dramatically and economic reforms have focused
on removing these license regulations rather than
labour rigidities. This indicates that the observed
improvements in productivity performance stem
mostly from the removal of the quota-permit sys-
tem and the reason for differences in pre-reform
and post-reform performance is directly related to
this quota system. 

This article argues that the combination of the
two distortions caused by labour-rigidity and the
materials-quota were impeding productivity
growth. An optimizing firm has to equate its labour
and material ratio such that marginal returns are
equal to the respective prices. But if a firm cannot
fire extra workers due to the labour laws, it ends up
requiring more material to reach its optimal alloca-
tion. However, the firm cannot buy extra materials
because of quota-permit restrictions. Hence, the
firm ends up operating at non-optimal levels. In
isolation, none of these policies would have
resulted in a distorted allocation. 

This  mechanism also explains the resul t
observed by Chand and Sen (2002) that the liberal-
ization of intermediate-good sectors is better for
TFP growth than the liberalization of final-good
sectors.

This article also provides another perspective on
the role of inflation in affecting growth in Indian
manufacturing. Inflation combined with credit
unavailability forced firms to operate at non-opti-
mal input allocation because they could neither
reduce labour (due to labour laws) nor afford to
buy materials (due to credit constraints and signif-
icant increase in materials prices due to inflation).
This article finds a strong relationship between
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materials inflation and real wages (labour produc-
tivity) indicating the presence of this channel. 

These results provide new perspectives for poli-
cymakers regarding two widely used industrial
policies: labour market regulations and import
substitution regimes. Ahsan and Pages (2007) find
that in India pro-worker labour policies are associ-
ated with reduced productivity growth. Kruger
(1997) discusses how it was thought that import
substitution in manufactures would be the key to
development. Earlier explanations about both
these observations, i.e. labour laws slowing
growth and import substitution policies slowing
growth, are based on calculating implicit costs or
wasted resources. This article finds a direct chan-
nel (intermediate inputs) and the distortion mecha-
nisms through which productivity is affected. 

One of the major impacts of economic reforms
in India was to break these interactions by removal
of permit quotas and by increasing credit availabil-
ity. The distortion-inefficiency mechanisms
described above no longer remain relevant because
the firms are not restricted when choosing their
material input allocation (layoff restrictions have
still not been removed). This article finds that the
distortions in input allocation and their effect on
productivity growth fell significantly after the
reforms in the 1990s. It also shows that firms have
started over-substituting materials relative to
labour. This explains the phenomenon of jobless
growth in Indian manufacturing. The firms are pro-
ducing more output because of this material-deep-
ening, but they are avoiding hiring additional
workers to avoid future inflexibilities and legal
issues. Like many other studies, these findings call
for the policy makers to take another look at the
existing labour market regulations in India. 

Industrial Economic Policies 
in India before 1991

The industrial sector became the focus and one
of the early goals of the Indian government’s five-
year plans. Just like every other part of the econ-

omy, Indian manufacturing has experienced an
evolution of policies in the last three decades. It
has been the subject of many productivity and pol-
icy research studies, but often for the wrong rea-
sons. Unlike other sectors in India and unlike
manufacturing sectors in other developing coun-
tries, the manufacturing sector in India did not reg-
ister many years of consistent high growth until
very recently. GDP (at 1993-94 prices) in manu-
facturing grew almost 10 times between 1960 and
2002. But the unimpressive labour productivity
and TFP growth estimates from various studies
have portrayed Indian manufacturing as a stagnant
sector that is little affected by the early stages of
policy reform. Das (2004) finds the TFP growth
over the period of 1980-2000 to be negative and
attributes this to structural factors.

Inflexible Labour Laws
The Industrial Disputes Act of 1947 states that

the “discharge, dismissal, retrenchment or termi-
nation” of an individual workman by an employer
“shall be deemed to be an industrial dispute''. This
law has motivated many studies on the role of
labour market regulation in India. Labour regula-
tion has become a standard part of the explanations
for India's poor growth performance before the
1990s. Besley and Burgess (2004) show that
Indian states which made additional amendments
to this act in favour of workers experienced lower
output and productivity in manufacturing. They
also find that pro-worker labour regulation is asso-
ciated with increases in urban poverty. Fernandes
and Pakes (2008) use World Bank Investment Cli-
mate Survey data to show that conditional on firm
productivity, factor costs and other factors faced
by firms, labour was underutilized in Indian manu-
facturing in 2001 and 2004. The supposed explana-
tion is that these inflexible labour laws restricting
the firing of workers in India resulted in firms low-
ering their demand for labour. Ahsan and Pages
(2007) discuss various types of labour laws in
India, including Chapter V(b) of the amendment to
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the Industrial Disputes Act which prohibits firms
that employ 100 or more workers from retrenching
without permission from the state. There are
around 45 pieces of central legislation covering
various aspects of employment as well as a large
number of state laws. Even shifting the weekly
schedules or days offs without notice could be in
non-compliance to the labour legislation. Ahsan
and Pages (2007) find that regulations that impede
employment adjustment are associated with nega-
tive effects on output.

Quantitative Restrictions:
Import Permit Quota

Jagdish Bhagwati (1978) examined in detail the
quantitative restrictions which were the building
blocks of industrial policy in India. These were
guided by the principle of import substitution and
were justified by the aim of protecting domestic
producers. Commodities were divided into various
categories and producers needed to apply for spe-
cific licenses for items not under open general
license (OGL). Licenses were required for produc-
ing new products or expanding production capaci-
ties. Mohammad and Whalley (1984) estimate that
the cost of these rent seeking policies in India was
as high as 30-45 per cent of GNP and it “put India
in a different category altogether” in terms of the
extent of distortions. 

Despite being one of the most widely criticized
policy choices, not many studies have tried to iden-
tify and estimate how this quota system affected
the growth in Indian manufacturing. Bhagwati and
Desai (1970) document the industrial licensing
scheme adopted in India after the passage of the
Industries (Development and Regulation) Act of
1951. There were several separate license catego-
ries. A capital goods (CG) license was required to
import necessary capital goods, while actual user
(AU) licenses, issued to producers for imports of
raw materials and intermediate goods, had items
specified in considerable detail to ensure that only
the approved production would be made feasible.

This also required that value and/or quantity limits
were specified for the listed importables on each
license. These licenses even specified the compo-
sition and the source of the goods and were non-
transferable between firms and even between
plants within a firm. This licensing system was
inefficient since it lacked any evaluation criteria
and there were large administrative costs and
delays.

Other Economic Conditions: 
High Inflation and Low Credit 
Availability

Inflation has been consistently high in India.
Annual average CPI inflation has been 8.2 per cent
per year between 1970 and 2003. The pre-1990s
and post-1990s inflation rate averages were 8.6 per
cent and 7.4 per cent respectively, both much
higher than average inflation in industrialized and
newly industrialized countries. In China, the aver-
age retail price inflation between 1978 and 2003
was around 5 per cent. Intermediate input prices
have also experienced the same kind of high infla-
tion throughout the last three decades. The average
annual inflation rate of materials prices was 7.5 per
cent.

Using industry specific price index data from
India’s Central Statistical Organization, we calcu-
late average inflation rates for output in all 58
industries. The average inflation is higher than 7
per cent per year for 53 industries, with a few
industries experiencing price increases averaging
more than 11 per cent per year between 1973 and
2003. During this period, the annual nominal wage
inflation in Indian manufacturing was 9.6 per cent;
11.1 per cent per year before 1990 and 7.1 per cent
per year after 1990.

It was the currency crisis of 1991 in India that
paved the way for a broad set of reforms including
capital market reforms. Prior to that, credit mar-
kets in India were unorganized and underdevel-
oped. Chart 2 shows the lending rates of various
countries using data from the IMF’s International
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Chart 2
Lending Rates
Financial Statistics. For India, lending rates were
16.5 per cent for the entire decade of the 1980s.
They were not only higher than in developed coun-
tries such as United States and Germany, but also
higher than other Asian economies like Singapore
and Malaysia. Interest rates, which denotes the
cost of borrowing, remained very high in India
until late 1990s. Capital markets were also under-
developed. Table 1 shows stock market capitaliza-
tion in 1990 for different countries. For India,
market capitalization as percentage of GDP was
much lower than for other countries.

Role of Intermediate Inputs 
in Manufacturing Growth

To see the role of the materials-per-worker ratio
in output growth in manufacturing, let us consider
a simple extension of Solow's growth accounting
model by including materials as an input in the
constant return to scale production function. 

(1)
where Y stands for output, K for capital, L for

labour, A is a measure of the production technol-
ogy and other unobservable inputs, α is the capital
share in output and β is the materials share in out-
put.

This can be rearranged in per-worker terms as
 (2)

where k stands for capital per worker and m is 
materials per worker.

Hence labour productivity growth between two
periods can be expressed as following.

(3)
Hence, labour productivity growth is the sum of

TFP growth and the contributions of capital per
worker growth and materials per worker growth.
The last term in Equation 3 denotes materials-
deepening, which receives little attention in the lit-
erature, even though it can be of crucial impor-
t ance  in  exp l a in ing  ou tpu t  g rowth  of  t he
manufacturing sector. The estimated values of
input shares for Indian manufacturing are 
and , indicating that materials per worker

Y AKαMβL 1 α– β–( )=

Y
L
--- Α K

L
----⎝ ⎠

⎛ ⎞ α M
L
-----⎝ ⎠

⎛ ⎞ β
y Akαmβ=≡=

∆ yln ∆ Aln α ∆ kln β ∆ mln×+×+=

α 0.2=

β 0.4=

Table 1
Stock Market Indicators in 1990, India and Other Countries, 1990
.

Market Capitalization 
(billions US$)

Market Cap. / GDP 
(per cent)

Value Traded / GDP 
(per cent)

India 38.6 12.2 6.9
Malaysia 48.6 110.4 24.7
Korea 110.6 43.8 30.1
Singapore 34.3 93.6 55.4
Hong Kong 83.4 111.5 46.3
Germany 355.1 22.2 21.4
United States 3,059.4 53.3 30.5

 in India and Other Countries, 1978-2000
9 0 N U M B E R  2 0 ,  F A L L  2 0 1 0  



is very important for the gross output of the Indian
manufacturing sector.

Value-added (VA), which is widely used as the
output measure in industry-wide analysis, is
obtained by subtracting the real intermediate
inputs (M) from real gross output (Y). 

(4)
or in per-worked terms,

(5)
where va stands for value added per worker, and

m is materials-per-worker.
Hence the labour productivity growth (using

value-added) is given by 
(6)

The above equation contradicts the notion that
value added productivity growth is independent of
materials used. A change in the materials-per-
worker ratio between two time-periods affects
labour productivity growth even if the output is
measured using a value-added concept. In fact,
some methodologies try to highlight the impor-
tance of intermediate inputs, e.g. Domar weights
and terms-of-trade decomposition. But the general
consensus is that if we are measuring the output as
value added, we do not have to worry about the
intermediate inputs. As shown in Equation 6, this
is clearly a simplification, as it assumes that the
materials-per-worker ratio remains constant
between periods. 

The importance of raw materials has not been
studied widely in the Indian manufacturing pro-
ductivity literature. The reason is that ideally this
materials input should have been allocated to
equate the returns between the materials and
labour; and hence value-added productivity
growth should have been independent of the mate-
rials input. But this has not been the case with
Indian manufacturing. Government policy, or to be
more specific the interaction of government poli-
cies, distorted the materials input allocation com-
pared to the labour input and this had a negative
effect on productivity growth. This article defines
and estimates some measures of this distortion by

comparing the observed materials-per-worker
ratio to the (hypothetical) optimal materials-per-
worker ratio for the given materials’ prices and
wage levels. 

Input Distortions and Productivity  
The presence of channels that transfer the effect

of policy interactions (labour laws in the presence
of quantitative restrictions) and economic condi-
tions (high inflation with low credit access) to the
production process in Indian manufacturing can be
verified using the data. From production function
estimates, one can identify whether the value of
materials-per-worker is higher than or lower than
the optimal . A lower  means the firm is
either operating with less than the desired materi-
als input (due to a quota) or with more than opti-
mum number of workers (since the firms cannot
lay-off workers). 

We can see how these distortion-inefficiency
channels work in different scenarios by consider-
ing a simple production model Y = F (A, K, L, M);
where output Y is produced using capital K, labour
L and materials M. A is the measure of production
technology and other unobservable inputs. The
optimization gives the following first order condi-
tions for input allocation in terms of price of labour
w and price of materials PM. 

 (7)

For the Cobb-Douglas production function, this
condition can be written as

(8)

In response to a positive technology shock, there
is upward pressure on wages due to increased pro-
ductivity. Since imported materials prices (PM) are
determined in the world market, the optimality can
only be achieved by either using more materials or
using less labour. In India, however, the quantita-
tive restrictions do not allow a firm to use more
materials, and the inflexible labour laws prohibit a
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firm from using fewer workers. As a result, the
optimal materials-per-worker ratio is not achieved.
Due to these frictions, the gains from technological
progress are not fully realized and firms are forced
to operate at non-optimal factor allocations.  

The distortion worsens in the presence of rising
prices and limited access to credit markets. Let us
consider the effect of high inflation in materials on
the factor allocation choice of a firm. In absence of
credit, the firms may find it difficult to buy the
same amount of materials as in the last period due
to increased prices. The firm can still operate effi-
ciently by shrinking its scale and reducing labour
input according to its budget. But even that is not
possible. Since it is difficult to layoff workers, the
firms have to compromise on materials and must
operate at a lower materials per worker ratio than
in the last period. This causes the output to go
down and hence reduces productivity growth.

Substitutability between Materials 
and Labour: An Example 

One of the main differences between manufac-
turing industries and services industries is that
manufacturing primarily changes the physical
characteristics of a good. Unlike the substitutabil-
ity between capital and labour, materials and
labour have limited substituability in manufactur-
ing. The increased capital input in the form of
machinery makes some of the workers redundant.
But one cannot use labour input in place of the
materials that are required to create the final out-
put. Materials and labour inputs are still substitut-
able in the sense that firms can outsource some of
the process of converting to the final good. Rather
than producing some intermediate materials them-
selves, they might directly buy it from other firms.
For most of the manufacturing industries, how-
ever, the actual production function of their final
output is Leontief in terms of the intermediate
materials requirements. 

Let us consider the example of a car manufac-
turer. The final good, a car, is made by combining
different intermediate goods like engines, airbags,
and tires. The production function would be 

(10)
 where,  = Scale of Production

 = Maximum number of Cars that
could be made using M.

The function N(M) has the following Leontief
form:
N(M) = min (engines, , steering wheel,
brake pedal, , ...) (11)

This materials upper-bound function N(M) is
not relevant in cases where the material input is not
the limiting factor and hence only the scale S(K,L)
matters. In these cases, the concept of value-added
by capital and labour can explain the output growth
correctly. But in the case of India, N(M) had an
upper bound due to import quota restrictions.
Indian manufacturing firms could have reduced
their scales S(K,L) accordingly, but labour laws
made that difficult.  

Table 2 provides a simple example of how these
restrictions would harm a typical car manufacturer
by denying i t  the benefi t  of  technological
advances. Note that even after the reforms the
manufacturer is not reaching the growth potential.
The firms are not hiring more workers even when
it is optimal to do so, because they are worried
about firing restrictions and extra costs.

Productivity Estimation 
Methodology

The estimates used in this article are based on
the Annual Survey of Industries (ASI) data version
2 released by the Economic and Political Weekly
Research Foundation. 

The Annual Survey of Industries is the principal
source of industrial statistics in India. It provides
data on various vital aspects of registered factories
such as employment, wages, invested capital, cap-
ital formation, inputs, gross output, depreciation

(9)
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and value added, etc. It covers all factories regis-
tered under Sections 2m(i) and 2m(ii) of the Facto-
ries Act, 1948 i.e. those factories employing 10 or
more workers using power, and those employing
20 or more workers without using power. The
dataset is created from these surveys and has 31
variables for the years from 1973 to 2003. The arti-
cle uses both aggregate level data and industry
level data for 58 industries based on the 3-digit
national industry classification (NIC) code. 

Industry-specific price deflators are taken from
the wholesale price index series provided by
India’s Central Statistical Organization (CSO).
GDP, GDCF deflators and interest rate series were
available from the Reserve Bank of India publica-
tion titled Handbook of Statistics of the Indian
Economy.

Real value added is calculated using double-
deflation. Gross output is deflated using sector-
specific price indexes, materials inputs are
deflated using the wholesale price index for manu-
facturing and fuels are deflated using the fuel and
energy price index available from CSO. The busi-
ness services input is estimated by subtracting the
sum of materials and fuel from the total value of
inputs. This business services input is deflated
using the consumer price index. The capital input
is generated using the user-cost approach. 

This article estimates the unit-input require-
ment, which is the amount of each factor that is
required to produce one unit of output in each year.

It also estimates the productivity growth measures
based on an index number method which has the
advantage of incorporating the effect of changes in
factor shares. A Fisher index is used for aggregat-
ing the input quantities. TFP growth is estimated as
the ratio of output growth and input quantity index
growth. For gross output all three inputs (capital,
labour and materials) are used, while for value
added only capital and labour inputs are used. 

(12)

The above set of estimates are calculated for all-
industries data (time period 1970-2003) and for
panel dataset using 3-digit National Industrial
Classification (NIC) codes (time period 1973-
2003).

Estimating Distortions 
There have been few studies which estimate the

extent of distortions in factor allocation. Hsieh and
Klenow (2007) quantify this factor misallocation
by comparing marginal products of labour and cap-
ital in industries in India and China with those in
the United States. Fernandes and Pakes (2008)
estimate the underutilization of labour and capital
across states for Indian manufacturing in 2001.
This article uses a similar concept, but rather than
estimating absolute values, it measures the distor-

X t 1 t,+( ) Fisher Quantity Index
Qt 1+ Pt 1+ Qt Pt

, , ,( )

=

TFP Y t 1 t,+( )
X t 1 t,+( )
-------------------------=

Table 2
Productivity Growth in Indian Manufacturing – An Example 
  

Scenario Optimal Response L & M Restrictions 
(Pre-Reform)

Only L Restrictions 
(Post-Reform)

Baseline L-Prod. = 1 Car/Worker.
L ¦ = 100 Workers. 
M = 100 Engines. 400 Tires. 
Y = 100 Cars.

Positive
Technology
Shock.

L-Prod. = 1.2 Cars/Worker.
L ? (depending on wage
increase and labour supply,
assume 110).
M = 132 Engines. 528 Tires.
Y = 132 Cars.
Y Growth = 32%.

 = 100 Engines. 400 Tires.
(fixed due to permit quota)
L ´ (no incentive to increase
the workers) 
Y = 100 Cars.
L-Prod. = 1 Car/Worker.
Y Growth = 0%

L ´ (still many disincentives
to increase the workers) 
M = 120 Engines. 480 Tires.
Y = 120 Cars. 
L-Prod. = 1.2 Cars/Worker.
Y Growth = 20%.

M
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Chart 3
Actual and Op
Indian Manufa
tions (under- or overutilization) relative to the
other factors. 

We believe this is a superior approach. If one
tries to measure the misallocation or underutiliza-
tion of factors by the amount of extra labour that
will be required to justify the wages, one is assum-
ing that capital is already optimally allocated,
which defeats the purpose of this counter-factual
exercise. Measuring the relative distortions does
not depend on these assumptions and, as shown
earlier for a Cobb-Douglas specification, this
ratio-based relative underutilization measure is
directly related to productivity growth. 

Another problem with earlier approaches is the
implicit assumption that TFP estimates represent
the unit-production-values, i.e. if one amount of
each input is employed, the output will be equal to
the value of estimated TFP for that period. This is
hard to justify since there are measurement errors
and many of the unmeasured inputs such as educa-
tion and economic conditions are also included in
the TFP estimates. Therefore, it makes more sense
to base the analysis on TFP growth, as is done in
this article, rather than on the absolute values of
TFP estimates. 

Using ASI data, the production function for
Indian manufacturing is estimated using Olley-
Pakes and Levinshon-Petrin methodologies on the
panel dataset. These methods give robust estimates
for the labour, capital and material shares. The
optimal  and  ratios are calculated using
the estimated factor shares and observed factor
prices in the corresponding periods. These are
obtained by making the ratios of marginal returns
on the factors equal to their relative prices. The
estimated underutilization is the difference
between this optimal ratio and the actual ratio of
inputs used in that period. 
Underutilization = Optimal  (Prices) – Actual

(13)
Similarly, the optimal relative substitution val-

ues are calculated using observed changes in factor
prices and factor allocations between two time-
periods. The under-substitution is the difference
between the optimal and the actual changes of rel-
ative factor allocations.
Under-Substitution = Optimal  ( Prices) –
Actual (14)

Underutilization of Materials 
and Productivity Growth in 
Indian Manufacturing

Using data for all-industries, Chart 3 plots the
movement of the actual versus the optimal 
ratio. Compared to 2003, the actual materials-per-
worker index is lower than what the optimal should
have been for the existing wages and materials'
prices in each year. We find that for the entire
period (1970-2003) materials were on average 25
per cent underutilized compared to labour and this
average is reduced by half (i.e. 12 percentage
points) after the reforms in the 1990s. When esti-
mating the underutilization of materials with a 3-
digit NIC code panel dataset, the unweighted aver-
age underutilization of  over 58 industries is
almost the same as the all-industries average (24
per cent for the 1973-2003 period and 11 per cent
for the post-reform period of 1991-2003). 
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Similarly, the estimates show that compared to
labour, capital input is being over-utilized in the
later periods. These results are similar to those of
Fernandes and Pakes (2008), who found overuti-
lization of capital in 2001 and 2004. This overuti-
lization happened because capital prices dropped
significantly after 1990s and Indian manufacturing
firms started over-substituting capital relative to
labour. One explanation for this trend might be the
fact that the reforms did not change the labour
laws. A firm still needs to obtain government
approval to layoff workers and such approval is
rarely given. Expecting these issues, firms prefer
not to hire the workers and over-substitute other
factors (capital and materials) compared to what is
optimal at the existing prices. This leads to the
observed overutilization of capital.

This article finds that some industries (specified
by their 3-digit NIC code) are over-substituting the
materials input relative to labour input. This
observed presence of over-substitution of materials
relative to labour in the 1970s and 1980s does not
imply that few firms somehow got around the
licensing requirements. It simply means that even
when wages went down (relative to materials prices)
the firms did not hire more workers. The firms might
have done this for two reasons. Their input factor
allocation was already distorted and materials were
underutilized, so the firms did not want to increase
this distortion. Another reason might be that these
forward-looking firms knew that in the future they
would not be able to obtain the extra materials
required to make these workers more productive and
neither would they be able to fire these workers if
relative prices change again. Thus, they chose not to
hire extra workers even when it was optimal to do so
at the existing prices. 

The estimated average of over-substitution of
materials relative to labour for all-industries is
around 3.6 per cent per year. But this varies by
period, with the average being 0.7 per cent in the
1970s and 7.2 per cent between 1996 and 2003. For
the years after the reforms, this over-substitution

of materials relative to labour is continuously
increasing despite the fact that the materials are no
longer underutilized relative to labour. This trend
indicates that producers are unwilling to hire work-
ers due to labour market inflexibilities and firing
costs, which should be a concern for Indian policy-
makers. 

The period averages of estimated growth rates
are shown in Table 3. We can see that firms have
been continuously increasing their materials usage
much faster than their labour input usage. This

Table 3
Growth Rates in Indian Manufacturing by P
(average annual rate of change in per cent)
 

1970 – 
2003

70 – 80 80 – 90 90

Gross Output 6.0 6.4 6.6
Labour 1.1 3.6 0.4
Capital 3.6 3.8 4.4
Materials 6.5 4.8 8.8
Value-Added 4.4 6.4 4.1
Using Gross-Output
Labour Productivity 4.9 2.8 6.2
TFP 1.3 2.4 2.2 -
Using Value-Added
Labour Productivity 3.2 3.0 3.6
TFP 2.3 4.6 4.2 -

Chart 4
Change in Productivity Growth between 1981
2000 by Average Materials-Gross Output Rat
Industries 
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Chart 5
Material-p
Indian Ma
results in increased labour productivity growth,
averaging 6.2 per cent per year for the 1980-90
sub-period and 6.9 per cent for 1997-2003 as the
firms try to move towards an optimal materials-
per-worker allocation. 

The estimates in Table 3 show that the immedi-
ate impact of the reforms was negative, as both
labour productivity growth and TFP growth
slowed down in the 1990-97 period. But if we look
at the jump in labour and capital imput growth dur-
ing these years, the estimates make sense. Since
the industrial reforms coincided with the opening
of capital markets in 1991, Indian manufacturing
units started expanding due to easier access to cap-
ital irrespective of their productivity. But once

capital markets developed and competition from
foreign firms increased, the resources started flow-
ing from inefficient units and industries to more
efficient ones (this reallocation is sometimes
called churning). The government disinvestment
initiative also helped in this process. The result
was a 3.2 per cent annual average growth in gross
output between 1997 and 2003, despite using less
capital stock and fewer workers.

To verify whether the abolition of industrial
licensing helped to remove these distortions, this
article estimates the industry-wide average pro-
ductivity growth in the years preceding and fol-
lowing the reforms. Chart 4 presents the results
based on a 3-digit industrial panel data according
to the average materials to gross output (nominal)
ratio for manufacturing. The industries using more
materials should have faced higher distortions and
hence should have benefitted more from the
removal of the restrictions. The scatter-plot in
Chart 5 confirms this. It shows the increase in 10-
year average annual productivity growth rates
between post and pre reform periods (i.e. 1990 to
2000, and 1981 to 1990) is higher for industries
that use materials more heavily.

In the Indian manufacturing sector, the interac-
tion of the quota permit system and labour laws led
to sub-optimal materials-per-worker usage and
thus slowed down labour productivity growth.
This mechanism is identified by finding the corre-
lation between underutilization and productivity
growth. Similarly, the combination of high infla-
tion in materials and less developed credit markets
reduced the intermediate input usage in response to
price increases, which in turn resulted in lower
labour productivity. This second mechanism is
recognized by looking at the relationship of mate-
rials inflation with productivity and real wages.
This article estimates these two channels using
aggregate data (all-industries) and panel data con-
sisting of 58 industries based on 3-digit NIC code.
The summary of the main relationships for the

er-Labour Growth and TFP Growth in 
nufacturing
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panel data is shown in Table 4 and Table 5; and the
estimates are plotted in Chart 5. 

For both panel and aggregate data, underutiliza-
tion of materials is negatively correlated to labour
productivity levels and growth. More interest-
ingly, the underutilization of ( ) is also nega-
t ive ly  re la ted  to  TFP growth .  The  l abour
productivity relation is simply an implication of
distorted input allocations. But it is not obvious
why TFP growth should be affected by materials
and labour usage. One explanation can be that this
underutilization gives rise to other inefficiencies

as well. For example, to work with less material
input per worker, the production process needs to
be reorganized and machines run fewer hours per
week. This change in schedule can cause disrup-
tion and lower productivity. 

The distortion measures (underutilization and
under-substitution) are negatively related to TFP
growth because of the nature of the Indian govern-
ment’s policies. Labour is bounded by below and
material input has an upper bound. Since ( ) is
lower than the optimal at existing prices, any
change that makes this underutilization worse is

M
L
-----

M
L
-----

Table 4
Distortions and Productivity Correlations, 1970-2003, 3-Digit NIC Code Panel 
 

Productivity Measure (Y) Distortion Measure (X) Corr. Co-Var. Pooled OLS β
Lab. Prod. (GO) Under-Util. M/L -0.69 -0.29 -0.99***

Over-Util. K/L 0.6 0.29 0.74***
Lab. Prod. (Val-Add) Under-Util. M/L -0.26 -0.15 -0.5***

Over-Util. K/L 0.29 0.19 0.46***
∆ Lab. Prod. (GO) Under-Subs. M/L -0.42 -0.33 -0.5***

Over-Subs. K/L 0.18 0.2 0.21*
∆ Lab. Prod. (Val-Add) Under-Subs. M/L -0.3 -0.28 -0.34***

Over-Subs. K/L 0.21 0.25 0.36***
∆ TFP (GO) Under-Util. M/L -0.31 -0.27 -0.37***

Over-Util. K/L 0.2 0.13 0.23
∆ TFP (Val-Add) Under-Subs. M/L -0.26 -0.21 -0.35**

Over-Subs. K/L 0.17 0.13 0.19
*10% significance level ** 5% significance level *** 1% significance level

Table 5
Factor Inputs, Prices and Productivity, 1970-2003, 3-Digit NIC Code Panel 
 

Productivity Measure (Y) Input/Price Measures (X) Pooled OLS β
Real Wage Inflation Materials Inflation -5.91***

-8.6*** (73-90)
0.003 (91-03)

∆ Lab. Prod. (GO) Materials Inflation -0.32***
∆ Lab. Prod. (Val-Add) Materials Inflation -0.39
Lab. Prod. (Val-Add) L Growth, M Growth -0.39***, 0.11**
∆ Lab. Prod. (GO) L Growth, M Growth -0.46***, 0.33***

-0.73***, 0.7*** (91-03)
∆ Lab. Prod. (Val-Add) L Growth, M Growth -0.34***, 0.18***

-0.43***, 0.48*** (91-03)
∆ TFP (GO) L Growth, M Growth -0.22***, 0.2*** (91-03)
∆ TFP (Val-Add) L Growth, M Growth -0.23***, 0.12***

-0.31***, 0.38*** (91-03)
*10% significance level ** 5% significance level *** 1% significance level
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going to increase the inefficiencies. That is why
labour growth is negatively related to TFP growth
and materials growth is positively related to TFP
growth. 

Labour productivity measured in value-added
terms is negatively related to labour growth due to
decreasing marginal product. The estimates show
that even value-added labour productivity is posi-
tively related to materials growth. This highlights
the importance of material input for the manufac-
turing sector performance. The reason for this
finding is the widespread underutilization in mate-
rials in Indian manufacturing resulting from the
presence of restrictive industrial policies. An
increase in the growth rate of materials helps to
reduce this distortion and enables workers to
increase their value-added. 

The estimates show that the measures of produc-
tivity growth are negatively related to under-sub-
stitution of materials relative to labour and
positively related to growth in materials usage.
These results support the presence of distortion-
inefficiency channels operating through the inter-
action of policies. The under-substitution leads to
the worsening of input distortion, and hence using
less material inputs per worker, resulting in lower
productivity growth. An increase in materials
usage helps to bring the input allocation closer to
optimal and increases productivity growth. This
article also finds that intermediate input (materi-
als) price inflation is negatively related to real
wage growth. This negative correlation occurs
because in the absence of credit availability, the
rising materials prices mean fewer materials per
worker and thus reduced labour productivity. This
lower labour productivity means a drop in real
wages. The overutilization of capital relative to
labour has a positive correlation with labour pro-
ductivity, which is the usual capital-deepening
effect. 

Role of Economic Reforms
India's current phase of economic reforms began

in 1991 when the government faced an exception-
ally severe balance-of-payments crisis. The Con-
gress government at the time started short-term
stabilization processes followed by longer-term
comprehensive structural reforms. In 1991, the
government of India adopted the New Industrial
Policy. It abolished industrial licensing for almost
all industries, irrespective of the levels of invest-
ment. This industrial policy was supported by
trade policy that removed import restrictions and
liberalized foreing direct investment as part of the
multi-faceted gradual reform process. Ahluwalia
(2002) outlines and evaluates these sets of struc-
tural  reforms.  India’s reform program also
included wide-ranging reforms in the banking sys-
tem and capital markets relatively early in the pro-
cess, with reforms in insurance introduced at a
later stage. 

These reforms broke down two major links that
were responsible for distorted input usage and
lower productivity growth. The removal of quanti-
tative restrictions meant that firms were no longer
forced to operate at a sub-optimal level. Firms still
cannot reduce the number of workers, but they can
increase the intermediate inputs usage (and capital
usage) and make the allocation optimal for given
prices. Similarly, improved credit access meant
that firms could reach this optimal allocation even
in periods of high inflation. Firms can borrow
money, use the optimal inputs and repay the loan
after selling the output (because higher intermedi-
ate input prices usually mean that output prices are
also higher). 

The estimated growth rates and relationships
among them in Tables 3 and 4 clearly show the
positive impact of the reforms. After the reforms,
materials growth averaged around 7 per cent per
year between 1991 and 2003 for all-industries. The
effect of materials growth on labour productivity
growth and TFP growth amplified after 1991. The
pooled OLS coefficient between materials growth
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and labour productivity growth is 0.7 for the sub-
sample 1991-2003, more than double the value for
the entire time period of 1970-2003. The increase

in coefficient value implies that materials growth
is becoming more important in labour productivity
growth. 

Chart 6
Imports of Intermediate Inputs in India – Levels and Growth Rates, 1987-2005
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Chart 7
Input/Output Rati
1970-2003
As mentioned earlier, some of the estimation
results run contrary to the conventional wisdom
which suggests that growth in net value added
should not depend on materials at all. This article
finds that labour productivity growth and TFP
growth measured in value added terms are strongly
correlated with growth in materials usage. This
relationship becomes stronger after the reforms
(pooled OLS coefficient is 0.48 for subsample of
1991-2003 compared to 0.18 for the entire time
period). The relationship between intermediate
input inflation and real wages breaks down after
the reforms. The coefficient is close to zero and no
longer significant after 1991. The explanation is
that the inflation-productivity mechanism was
being driven by low credit availability. Reforms
increased the credit availability by liberalizing
capital markets.

Another important consequence of the economic
reforms was that one of the restrictions that only
applied to the manufacturing industry was
removed. The import quota and industrial licens-
ing policies abolished during the reforms were
more relevant to the manufacturing sector than the
service sector. In recent years, the growth rates of

the manufacturing sector have been higher than the
service sector growth rates; this was something
very uncommon in the years before the reforms. 

Did Import Quotas Lead to 
Underutilization and 
Bottlenecks?  

The quantity restrictions were only applicable to
imported goods. But there were no controls on
buying intermediate inputs from within the coun-
try. It  will  be prudent to make a distinction
between imported and domestic materials input
and then re-do the whole analysis. The underuti-
lization and its negative effect on Indian manufac-
turing productivity should exist only for imported
materials. Unfortunately, the ASI dataset does not
have the split between domestic and imported
materials. 

We can look at two different trends which indi-
cate that the imported intermediate inputs were the
real bottlenecks in Indian manufacturing. The
actual production process of many manufacturing
industries can be characterized as a Leontief spec-
ification, where production involves transforming
the input. In such industries, output - and thus
labour productivity - becomes restricted by the
least freely available input. In the presence of an
import permit-quota system, the least freely avail-
able inputs were imported intermediate goods.

If imported inputs were the bottlenecks, the
removal of these restrictions would lead to an
increase in demand for these inputs without corre-
sponding increase in the other inputs. That is
exactly what happened in Indian manufacturing.
As shown in Table 3, the materials input grew at
the average annual rate of 6.9 per cent and 5.4 per
cent for the 1990-97 and 1997-2003 periods
respectively. The corresponding average growth
rate for labour input were 2.7 per cent and -3.7 per
cent. Chart 6 shows the growth in imported raw
materials and intermediate inputs. There is a dis-
tinct jump after the reforms. The growth rates of all
the imported items other than coal increased sig-
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anufacturing 
nificantly. Indian manufacturing firms that were
previously forced to operate at less than optimal
( ) ratio due to quota restrictions started moving
towards their potential productivity by importing
and using more intermediate inputs.

The continuous increase in the material content
of output, as shown in Chart 7, indicates that
Indian manufacturing is becoming more special-
ized or high-end. But the production of (low value)
intermediate goods is not being outsourced to the
unorganized manufacturing sector in India, as both
output share and output growth rates of the unorga-
nized manufacturing sector have declined in the
years after the reforms (Chart 8). 

This reaffirms the belief that only the imported
intermediate-inputs were the bottlenecks. The
Indian manufacturing firms were not restricted in
their access to raw materials and intermediate-
inputs that were domestically available. But these
goods were not perfect substitutes for the quota-
restricted imported intermediate inputs. The pro-
duction functions of manufacturing firms (e.g.
chemical, semi-conductors, electronics, and spe-
cialized goods) often have Leontief type comple-
mentarities between intermediate inputs and
labour input. The restrictions on these goods cre-
ated a bottleneck that choked the productivity
growth in Indian manufacturing. 

In fact, the concurrent trends of the increase in
the growth rates of imported intermediate goods
and the decrease in the growth rates of unorganized
manufacturing output are consistent with the
mechanisms discussed. Since there were no
restrictions on buying domestically produced raw
materials, which were often bought by the unorga-
nized manufacturing sector, the reforms had no
direct effect on these firms. But the firms in the
organized sector, which were previously using the
(imperfect) substitutes produced domestically by
the unorganized sector, started reducing their reli-
ance on these domestic goods after the reforms and
started importing the desired intermediate inputs.

This is why the output growth rate of the unorga-
nized sector fell in the late 1990s. 

Conclusion
This article has shown how the import permit-

quota system in the presence of inflexible labour
laws resulted in input distortions in Indian manu-
facturing that had negative effects on productivity
growth. The role of intermediate inputs in the man-
ufacturing sector deserves greater attention, espe-
cially for developing countries. Even though the
reforms have abolished import restrictions in
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India, labour laws are still unchanged. Indian man-
ufacturing firms are shying away from hiring
workers, which is not socially desirable. India has
a huge pool of unskilled workers and the need to
move them out of the unproductive agricultural
sector is becoming more urgent. Policymakers
should reconsider these labour laws in view of the
fact that they are hindering employment growth
and leading to jobless output growth in Indian
manufacturing. 

The evidence of the mechanisms identified in
this article would be more robust if the data on
imported and domestic materials input were
included in the analysis. In the absence of such
data, one could try to rank the industries based on
their imported input requirements and then see
whether the effects are more severe in the indus-
tries that use a larger share of imported materials.
Another important dimension in analyzing the
results is the production function complementari-
ties between materials and labour. We should see
more prominent results in industries which have
Leontief type production processes.
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