
N U M B E R F I V E ,  F A L L 2 0 0 2 1

Readers are reminded that in addition to the

hard-copy version of the Monitor available in

English and French, all articles are available online

at www.csls.ca under Publications. Unabridged

versions of many of the articles are also posted.

Comments on the articles are welcome.

The economic development in the 1990s

which probably has had the most important long-

term consequences was the acceleration of pro-

ductivity growth in the United States after 1995.

In the first paper, Dale W. Jorgenson of Harvard

University, Mun S. Ho from Resources for the

Future, and Kevin J. Stiroh of the Federal

Reserve Bank of New York provide a detailed

account of this growth resurgence in the United

States, reflecting both an productivity accelera-

tion and greater hours worked, project U.S. out-

put growth, and comment on lessons for Canada.

They conclude that the U.S. productivity revival

is likely to remain intact for the intermediate

future. They point out that information technol-

ogy investment reflects the overall momentum of

the economy, and that there is no implication

from the U.S. experience that Canadian firms

have invested too little in this area.

Historically, per capita income in the United

States has exceeded that in Canada and this dif-

ference has reflected higher labour productivity

levels south of the 49th parallel. In the second

paper, Andrew Sharpe of the Centre for the

Study of Living Standards, provides estimates of

the size of the gap in aggregate labour produc-

tivity between the United States and Canada and

discusses possible explanation of the gap. He

points out that based on average weekly hours

estimates from the U.S. household survey, total

economy output per hour in Canada in 2002 was

89 per cent of the U.S. level, compared to 81 per

cent using estimates from the establishment sur-

vey. Sharpe concludes that the Canada-U.S.

aggregate labour productivity gap reflects

Canada’s lower capital intensity of production,

an innovation gap manifested by lower R&D

expenditure, a smaller and less dynamic high

tech sector, less developed human capital at the

top end of the labour market, and more limited

economies of scale and scope.

In addition to productivity levels, living stan-

dards, as measured by GDP per capita, are deter-

mined by both average hours worked per person

employed and the share of employment in the

total population. In the third paper, Pierre

Fortin from the University of Quebec at

Montreal examines differences in annual work

hours on a per capita basis between the United

States and Canada. He finds that in 2001 average

hours worked was lower in Canada (91 per cent

of the U.S. level), while the employment/total

population ratio was actually higher (103 per

cent of the U.S. level). With output per hour in

Canada 90 per cent of the U.S. level, the overall

effect of these three variables was to produce a

Editor’s Overview

This sixth issue of the International Productivity Monitor produced by the Centre for the Study of

Living Standards contains seven articles. Topics covered are lessons for Canada from the U.S.

growth resurgence; factors explaining higher productivity levels in the United States than in

Canada; patterns in annual work hours per capita in Canada and the United States; trend productivity

growth in Canada; the contribution of ICT-producing and ICT-using industries to productivity growth

in Canada, the United States and Europe; data sources for international productivity comparisons; and

a review article on the volume Towards a Social Understanding of Productivity. 



level of GDP per capita in Canada that was 85 per

cent of the U.S. level. He also finds that Ontario

in 2001 enjoyed a higher level of GDP per capita

than Quebec (86 per cent versus 77 per cent of

the U.S. level) because of its greater average

hours worked and higher employment/total pop-

ulation ratio, offset by a slightly lower productiv-

ity level.

Trend productivity growth is a crucial deter-

minant of future living standards as well as the

sustainability of social programs. In the fourth

article, Benoît Robidoux and Bing-Sun Wong

from Finance Canada examine whether trend

productivity growth has increased in Canada and

conclude that in fact it has. If correct, this is a

very positive development for Canadians. They

point out that business sector output per hour

growth in Canada accelerated 0.9 percentage

points from 1.1 per cent per year in the 1988-

1996 period to 2.0 per cent in 1996-2001, virtu-

ally the same acceleration as in the United States.

The authors find that Canada experienced a

greater pick-up in total factor productivity

growth than the United States. Increased pro-

duction and use of information and communica-

tions technologies (ICTs) accounted for more of

the U.S. productivity growth acceleration.

Both ICT-producing and ICT-using indus-

tries have contributed disproportionately to

labour productivity growth in the 1990s. In the

fifth article, Bart van Ark, Robert Inklaar from

the University of Groningen and Robert H.

McGuckin of the U.S. Conference Board com-

pare Canada, the United States and Europe in

terms of the contribution of ICT-producing and

ICT-using industries to productivity growth. In

the 1995-2000 period, the contribution of ICT-

producing industries to labour productivity

growth was similar in Canada and the Europe,

but only half that in the United State. In terms of

the contribution of ICT-using industries,

Canada was in an intermediate position between

Europe and the United States. The authors offer

as a possible explanation for this latter situation

Canada’s equally intermediate position between

the relative strict labour and product market reg-

ulation in Europe and more lax environment in

the United States.

In recent years, a number of international

data bases on productivity have become publicly

available. In the sixth article, Jeremy Smith

from Queen’s University provides an overview of

sources of information on international produc-

tivity comparisons for developed countries.

Smith first reviews a number of methodological

issues associated with international productivity

comparisons and then discusses what is available

from the OECD, the U.S. Bureau of Labor

Statistics, the Groningen Growth and

Development Centre in the Netherlands, and

other sources. He concludes by noting that the

data provide no one single truth on internation-

al productivity growth rates and levels, but

rather a range of estimates because of data com-

parability issues.

Productivity is not just an important concept

for economists, but for other social scientists as

well. The seventh and final article by Jeff

Matrick, Editor of Challenge and economics

columnist for the New York Times, is a review of

the recently published edited volume Towards a

Social Understanding of Productivity. Madrick

notes that the volume reinforces the convention-

al view that productivity is essential for a rising

standard of living and at the same time adds con-

siderably to a fuller understanding of how social

factors affect economic growth and how eco-

nomic growth is linked to social improvement.
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The unusual combination of more rapid

growth and lower inflation in the United

States from 1995 to 2000 touched off a

strenuous debate among economists about

whether improvements in U.S. economic per-

formance could be sustained. This debate has now

given way to a broad consensus that the role of

information technology is the key to understand-

ing the American growth resurgence. Questions

persist about whether similar trends have charac-

terized the leading industrialized economies. The

answers to these questions are essential for resolv-

ing uncertainties about future growth that cur-

rently face decision-makers in both public and

private sectors in Canada. 

In this paper, we review the most recent evi-

dence on growth in the United States, Canada,

and the leading OECD countries and quantify

the role of information technology (IT). Despite

downward revisions to the gross domestic prod-

uct (GDP) and investment in the annual revi-

sions of the U.S. National Income and Product

Accounts (NIPA) by the Bureau of Economic

Analysis (BEA) in July of 2002, we conclude that

the U.S. productivity revival remains largely

intact and that IT investment is the predominant

source of this revival. The capital deepening

contribution from computer hardware, software,

and telecommunications equipment greatly

exceeded the contribution from all other forms

of investment to labour productivity growth after

1995. An increase in total factor productivity

(TFP) growth in the IT-producing sectors also

contributed to the resurgence of labour produc-

tivity, modestly augmented by a smaller increase

in TFP growth elsewhere in the economy. 

Colecchia and Schreyer (2002) have com-

piled detailed information on investment in

information technology and economic growth

in nine OECD countries in the 1990s. This has

two important advantages over previous inter-

national comparisons. First, the estimates of IT

investment are based on national accounting

data. Second, prices of information technology

equipment and software are comparable among

the nine countries. There is clear evidence of a

surge of IT investment in all nine countries,

even in Germany and Japan, both of which

experienced slowdowns in economic growth

during the period 1995-2000. New information

for Canada, generated by Industry Canada and

Statistics Canada, shows trends similar to those

in the United States, but in considerably atten-

uated form. This reflects the greater relative

importance of investment in IT-equipment and

software in the United States. 
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We next turn to the future of U.S. productiv-

ity growth for the U.S. economy, defined broad-

ly to include business, households, and the gov-

ernment. Our overall conclusion is that the pro-

jections of Jorgenson and Stiroh (2000), pre-

pared more than three years ago, are largely on

target. Our base-case projection of trend labour

productivity growth for the next decade is 1.78

per cent per year, below the average of 2.07 per

cent per year for the period 1995-2000. Our pro-

jection of output growth for the next decade is

only 2.78 per cent per year, compared with 4.07

per cent per year for 1995-2000.1 The difference

is largely due to a projected slowdown in the

growth in hours worked from changing demo-

graphics. We conclude that the American growth

resurgence of the late 1990s was not sustainable

because it depended on a growth rate of the work

force that cannot be maintained.

We emphasize that projecting growth for

periods as long as a decade is fraught with uncer-

tainty. Our pessimistic projection of labour pro-

ductivity growth is only 1.14 per cent per year,

while our optimistic projection is 2.38 per cent.

The range for output growth is from 2.14 per

cent in the pessimistic case to 3.38 per cent in the

optimistic case. These ranges result from funda-

mental uncertainties about future patterns of

investment and changes in technology in the

production of IT equipment and software.

Jorgenson (2001) has traced these uncertainties

to variations in the product cycle for semicon-

ductors, the most important component of com-

puters and telecommunications equipment. 

The starting point for projecting U.S. output

growth is a projection of future growth of the

labour force. The growth of hours worked of 1.99

per cent per year from 1995-2000 is not sustain-

able because labour force growth for the next

decade will average only one per cent. The slow-

down in the growth of hours worked would have

reduced output growth by 0.99 per cent, even if

labour productivity growth had continued unabat-

ed. We estimate that labour productivity growth

from 1995-2000 also exceeded its sustainable rate

due to exceptionally high rates of investment in

information technology equipment and software.

This implies an additional decline of 0.29 per cent

in the trend rate of output growth, so that we

project output growth at 2.78 per cent for the next

decade, precisely the same as the rate of growth of

output during the period 1973-1995, prior to the

growth resurgence of the late 1990s. The decom-

positions are quite different, however, with

stronger productivity growth offset by slower pro-

jected hours growth.

Section two reviews the historical record,

extends the estimates of Jorgenson (2001) to

include data for 2000 and 2001 and revises esti-

mates of economic growth for earlier years to

incorporate new information. We employ the

same methodology and summarize it briefly. We

compare IT investment and economic growth

for the nine OECD countries analyzed by

Colecchia and Schreyer (2002). Section three

presents our projections of the trend growth of

output and labour productivity in the U.S. for

the next decade and similar projections for

Canada based on the same methodology and new

data. Section four concludes the paper. 

Reviewing the Historical Record

Our methodology for analyzing the sources of

growth is based on the production possibility

frontier introduced by Jorgenson (1996, pp. 27-

28). This framework encompasses substitution

between investment and consumption goods on

the output side and between capital and labour

inputs on the input side. Jorgenson and Stiroh

(2000), Jorgenson (2001), and Jorgenson, Ho,

and Stiroh (2002b) have used this methodology

to measure the contributions of information

technology (IT) to U.S. economic growth and

the growth of labour productivity. 
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Production Possibility Frontier

In the production possibility frontier, output (Y )

consists of consumption goods (C) and investment

goods (I ), while inputs consist of capital services

(K) and labour input (L). Output can be further

decomposed into IT investment goods — com-

puter hardware (Ic), computer software (Is), com-

munications equipment (Im) — and non-IT out-

put (Yn). Capital services can be similarly decom-

posed into the capital service flows from comput-

er hardware (Kc), software (Ks), communications

equipment (Km), and non-IT capital services (Kn).2

The input function (X ) is augmented by total fac-

tor productivity (A). The production possibility

frontier can be represented as:

(1) 

Under the standard assumptions of competitive

product and factor markets, and constant returns

to scale, Equation (1) can be transformed into an

equation that accounts for the sources of eco-

nomic growth:

(2) 

where ∆x ≡ xt - xt-1 , denotes the average out-

put shares, the average input shares, and

.

The shares are averaged over periods t and t-1.

We refer to the share-weighted growth rates in

Equation (2) as the contributions of the inputs and

outputs.

Average labour productivity (ALP) is defined as

the ratio of output to hours worked, so that,

where the lower-case variable (y) denotes output

(Y) per hour (H). Equation (2) can be rewritten

in per hour terms as:

(3)

where .

Equation (3) decomposes ALP growth among

three components. The first is capital deepening,

defined as the contribution of capital services per

hour and allocated between non-IT and IT com-

ponents. The interpretation of capital deepening

is that increases in capital per worker enhance

labour productivity in proportion to the capital

share. The second component is labour quality

improvement, defined as the contribution of

increases in labour input per hour worked. This

reflects changes in the composition of the work

force and raises labour productivity in propor-

tion to the labour share. The third component is

total factor productivity (TFP) growth, which rais-

es ALP growth point for point.

In an inter-industry production model like

that of Jorgenson, Ho, and Stiroh (2002a), the

growth of TFP reflects the productivity contri-

butions of individual industries. It is difficult,

however, to create the detailed industry data

needed to measure industry-level productivity in

a timely and accurate manner. The Council of

Economic Advisors (CEA, 2001), Jorgenson and

Stiroh (2000), Jorgenson (2001), Jorgenson, Ho

and Stiroh (2002b), and Oliner and Sichel (2000,

2002) have employed the price dual of industry-

level productivity to estimate TFP growth in the

production of IT equipment and software.

Intuitively, the idea underlying the dual

approach is that declines in relative prices for IT

investment goods reflect productivity growth in

the IT-producing industries. We weight these

relative price declines by the shares in output of

each of the components of IT investment in

order to estimate the contribution of IT produc-

tion to economy-wide TFP growth. This enables

us to decompose aggregate TFP growth as:

(4) 

where represents IT’s average share of out-

put, is IT-related productivity growth,

and is the contribution to aggregate

TFP from IT-production. Non-IT productivity

growth includes productivity gains in

other industries, as well as reallocations of inputs

and outputs among sectors.
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We estimate the contribution to aggregate

TFP growth from IT production by

estimating output shares and growth rates of pro-

ductivity for computer hardware, software, and

communications equipment. Productivity growth

for each component of investment is the negative

of the rate of price decline, relative to the price

change of capital and labour inputs. The output

shares are the final expenditures on these invest-

ment goods, divided by total output.3 Finally, the

contribution of non-IT productivity growth 

is derived from Equation (4) as a residual.

Data

We briefly summarize the information

required to implement Equations (1) to (4); more

detailed descriptions are available in Jorgenson

(2001) and Jorgenson, Ho, and Stiroh (2002b).

Our output measure is broader than the GDP

concept in the U.S. National Income and Product

Accounts, the nonfarm business sector that is the

focus of many productivity studies (BLS (2002) or

Oliner and Sichel (2000, 2002)), or the private

sector measure used in Jorgenson, Ho, and Stiroh

(2002b). In particular, we include imputed capital

service flows from residential housing and con-

sumer durables, as well as the rate of return to

government capital as in Jorgenson (2001). Our

output estimates reflect the most recent revisions

to the U.S. National Income and Product

Accounts (NIPA), released in July 2002. 

Our capital service estimates are based on the

Tangible Wealth Study, published by the BEA

and described in Lally (2002). This includes data

on business, household, and government invest-

ment for the U.S. economy through 2001. We

construct capital stocks from the investment data

by the perpetual inventory method. We assume

that the effective capital stock for each asset

available for production is an average of current

and lagged stocks. The data on tangible assets

from BEA are augmented with inventory data to

form our measure of the reproducible capital

stock. The total capital stock also includes land

and inventories.

Finally, we estimate the service flow for each

component of capital stock by multiplying the

rental price by the effective capital stock, as sug-

gested by Jorgenson and Griliches (1996). Our esti-

mates of rental prices incorporate the asset-specific

differences in asset prices, tax rates, tax lifetimes,

and depreciation rates presented by Jorgenson and

Yun (2001). This is essential for understanding the

productive impact of IT investment because IT

capital inputs have dramatically higher rates of

decline of asset prices and depreciation rates.

We refer to the ratio of capital services to

capital stock as capital quality, so that: 

(5) 

where KQ is capital quality, K is capital services,

and Z is effective capital stock. The effective cap-

ital stock Z is a quantity index of 70 types of

structures and equipment, plus land and invento-

ries, using investment goods prices as weights.

The flow of capital services K is a quantity index

of the same stocks, using rental prices as weights.

The difference in growth rates is the growth rate

of capital quality. Capital quality increases as

firms invest relatively more in assets with higher

marginal products like information technology

equipment and software.

Labour input is a quantity index of hours

worked that takes into account the distribution

of the work force by sex, employment class, age,

and education. The weights used to construct the

index reflect the compensation of the various

types of workers. In the same way as for capital,

we define labour quality as the ratio of labour

input to hours worked, so that: 

(6) 

where LQ is labour quality, L is labour input, and

H is hours worked. Labour quality rises as firms

hire relatively more highly skilled and highly

compensated workers.
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Our labour data incorporate individual

micro-data on hours worked and compensation

per hour from the Censuses of Population for

1970, 1980, and 1990 and the annual Current

Population Surveys (CPS) for 1964-2001. We

take total hours worked for employees directly

from the NIPA (Table 6.9c), self-employed hours

worked for the non-farm business sector from

the BLS, and self-employed hours worked in the

farm sector from the Department of Agriculture.

Results

Table 1 and Chart 1 report our estimates of the

sources of economic growth from Equation (2).

For the period 1959-2001, output grew 3.38 per

cent per year. Capital input contributed 48.9 per

cent of this growth or 1.62 per cent per year.

Labour input followed in importance with 34.3 of

growth or 1.16 per cent per year. Less than 17.5 per

cent of output growth, 0.59 percentage points,

reflects growth in TFP. These results are consistent

with the other recent growth accounting estimates,

including CEA (2001), Jorgenson and Stiroh

N U M B E R S I X ,  S P R I N G 2 0 0 3 7

Chart 1
Sources of Economic Growth in the United States
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Table 1
Growth in GDP and the Sources of Growth in the United States, 1959-2001
Average annual rate of change

1995-2000 1995-2001
less less

1959-2001 1959-1973 1973-1995 1995-2000 1995-2001 1973-1995 1973-1995

Growth in GDP (Y) 3.38 4.18 2.78 4.07 3.55 1.29 0.77
Contribution of Selected Output Components

Other Output (Yn) 2.91 3.92 2.30 3.00 2.65 0.70 0.35
Computer Output (Yc) 0.14 0.06 0.17 0.32 0.28 0.15 0.11
Software Output (Ys) 0.09 0.03 0.10 0.30 0.24 0.20 0.14
Communications Output (Ym) 0.11 0.11 0.10 0.19 0.14 0.09 0.04
Information Technology Services (Yit) 0.11 0.07 0.11 0.25 0.24 0.14 0.13

Contribution of Capital and CD Services (K) 1.62 1.77 1.40 2.08 2.03 0.68 0.63
Other (Kn) 1.20 1.57 0.98 1.10 1.10 0.12 0.12
Computers (Kc) 0.20 0.07 0.20 0.53 0.49 0.33 0.29
Software (Ks) 0.10 0.03 0.10 0.28 0.27 0.18 0.17
Communications (Km) 0.12 0.10 0.12 0.17 0.17 0.05 0.05

Contribution of Labour (L) 1.16 1.24 1.12 1.37 1.12 0.25 0.00

Aggregate Total Factor Productivity (TFP) 0.59 1.16 0.26 0.62 0.40 0.36 0.14
Contribution of Capital and CD Quality 0.41 0.27 0.36 0.95 0.93 0.59 0.57
Contribution of Capital and CD Stock 1.21 1.51 1.04 1.12 1.11 0.08 0.07
Contribution of Labour Quality 0.28 0.33 0.27 0.21 0.22 -0.06 -0.05
Contribution of Labour Hours 0.88 0.91 0.85 1.16 0.89 0.31 0.04

Note: A contribution of an output or input is defined as the share-weighted, real growth rate. CD refers to consumer durables. 

Sources: Author's calculations based on BEA, BLS, Census Bureau, and other data.



(2000), Jorgenson (2001), Jorgenson, Ho, and

Stiroh (2002b) and Oliner and Sichel (2000, 2002).

Our data also reveal substantial acceleration in

output growth after 1995. The growth rate of out-

put increased from 2.78 per cent per year for 1973-

1995 to 4.07 per cent for 1995-2000, reflecting a

substantial acceleration in IT investment and a

modest deceleration in non-IT investment. For the

period 1995-2001, which includes the U.S. reces-

sion that began in March 2001, output growth was

3.55 per cent. This is considerably slower, and we

focus our attention on the period 1995-2000 to

avoid cyclical effects of the 2001 recession.

On the input side, more rapid capital accumula-

tion contributed 0.68 percentage points to the

post-1995 acceleration through 2000, while faster

growth of labour input contributed 0.25 percentage

points and accelerated TFP growth the remaining

0.36 percentage points. These estimates are all

smaller when 2001 is included. Finally, the contri-

bution of capital input from IT increased from 0.42

percentage points per year for 1973-1995 to 0.98

for 1995-2000, exceeding the increased contribu-

tions of all other forms of capital.

The last panel in Table 1 presents an alternative

decomposition of the contribution of capital and

labour inputs, using Equations (5) and (6). The

contributions of capital and labour inputs reflect

the contributions of capital quality and capital

stock, as well as labour quality and hours worked:

(7) 

Table 1 shows that the revival of output

growth after 1995 can be attributed to two

forces. First, the rising contribution of capital

quality reflects a massive substitution toward IT

ALQvL lnln ∆+∆+
HvKQvZvY LKK lnlnlnln ∆+∆+∆=∆
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Chart 2
Sources of Labour Productivity Growth 
in the United States
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Table 2
Sources of Growth in Average Labour Productivity in the United States, 1959-2001
Average annual rate of change

1995-2000 1995-2001
less less

1959-2001 1959-1973 1973-1995 1995-2000 1995-2001 1973-1995 1973-1995

Output Growth (Y ) 3.38 4.18 2.78 4.07 3.55 1.29 0.77
Hours Growth (H) 1.50 1.56 1.44 1.99 1.53 0.55 0.09
Average Labour Productivity Growth (ALP ) 1.88 2.63 1.33 2.07 2.02 0.74 0.69

Capital Deepening 1.00 1.13 0.80 1.24 1.39 0.44 0.59
IT Capital Deepening 0.37 0.19 0.37 0.87 0.85 0.50 0.48
Other Capital Deepening 0.63 0.95 0.43 0.37 0.54 -0.06 0.11

Labour Quality 0.28 0.33 0.27 0.21 0.22 -0.06 -0.05
TFP Growth 0.59 1.16 0.26 0.62 0.40 0.36 0.14

IT-related Contribution 0.19 0.09 0.21 0.45 0.41 0.24 0.20
Other Contribution 0.40 1.07 0.05 0.17 -0.01 0.12 -0.06

Note: A contribution of an output or input is defined as the share-weighted, real growth rate.

Sources: Author's calculations based on BEA, BLS, Census Bureau, and other data.



capital in response to accelerating IT price

declines; the growth of capital stock lagged con-

siderably behind the growth of output. Second,

the growth of hours worked surged, while labour

quality growth stagnated. A fall in the unemploy-

ment rate and an increase in labour force partic-

ipation drew more workers with relatively low

marginal products into the work force. 

Table 2 and Chart 2 present estimates of the

sources of ALP growth from Equations (3) and

(4). For the period 1959-2001 as a whole, growth

in ALP of 1.88 percentage points per year

accounted for 55.6 per cent of output growth,

due to capital deepening of 1.00 percentage

points per year, improvement of labour quality of

0.28 percentage points, and TFP growth of 0.59

percentage points. Growth in hours worked of

1.50 percentage points per year accounted for

the remaining 44.4 per cent of output growth.

Looking more closely at the post-1995 peri-

od, we see that labour productivity increased by

0.74 percentage points per year from 1.33 per-

centage points for 1973-1995 to 2.07 percentage

points for 1995-2000, while hours worked

increased by 0.55 percentage points per year

from 1.44 percentage points for 1973-1995 to

1.99 percentage points for 1995-2000. When the

recession of 2001 is included, labour productivi-

ty falls slightly, while hours growth falls consid-

erably for 1995-2001, which underscores the

remarkable strength of U.S. productivity growth

during this downturn.

The labour productivity growth revival

through 2000 reflects more rapid IT-capital deep-

ening of 0.50 percentage points, partly offset by a

decline in non-IT-capital deepening of 0.06 per-

centage points. It also reflects accelerated produc-

tivity growth in IT production of 0.24 percentage

points and in non-IT production of 0.12 percent-

age points. Finally, the contribution of labour

quality growth fell by 0.06 percentage points.

Colecchia and Schreyer (2002) have compiled

estimates of the contribution of IT investment to

the growth of output in nine OECD countries,
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Chart 3
Capital Input Contribution of Information Technology to GDP Growth
for Nine OECD Countrie
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including the four leading countries of Europe —

France, Germany, Italy, and the U.K. — as well as

Japan and the United States. An important inno-

vation in that paper was the introduction of “har-

monized” price deflators to incorporate compara-

ble quality adjustments for IT assets across coun-

tries. While one would ideally prefer country-spe-

cific deflators for each IT asset, the approach of

Colecchia and Schreyer is a useful proxy.

Chart 3 presents results for the sub-periods

1990-1995 and 1995-2000 for nine OECD coun-

tries. For all countries the contribution of IT

investment accelerated after 1995, even in

Germany and Japan, two countries that experi-

enced a slowdown in growth during the late 1990s.

The contribution of IT investment during the late

1990s exceeded that in the United States during

the early 1990s in four countries — Australia,

Canada, Finland, and the United Kingdom.

Colecchia and Schreyer (2002) also present

growth rates of output for all nine countries

before and after 1995 and we give the results in

Chart 4. The acceleration in economic growth

during the last half of the 1990s was most dramat-

ic for Finland, but both Canada and France also

experienced a larger increase in the rate of growth

of output than the United States. Unfortunately, a

detailed analysis of the sources of economic

growth for the nine OECD countries requires

information on the impact of non-IT investment,

as well as the contributions of labour input and

TFP growth. Until these data are available, it is

impossible to arrive at an assessment of the role of

information technology such as we have present-

ed for the United States. 

Projecting Productivity Growth

While there is no disagreement about the

resurgence of ALP growth in the United States

after 1995, there has been considerable debate

about whether this is permanent or transitory.

This distinction is crucial for understanding the

sources of the recent productivity revival and pro-

jecting future productivity growth. Changes in the
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Chart 4
Output Growth for Nine OECD Countries, 1990-1995 versus 1995-2000
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underlying trend growth rates of productivity and

the work force are permanent, while cyclical fac-

tors such as strong output growth due to extraor-

dinarily high rates of investment are transitory. 

This section presents our projections of trend

rates of growth for output and labour productivi-

ty over the next decade, abstracting from business

cycle fluctuations. Our key assumptions are that

output and the reproducible capital stock will

grow at the same rate and that labour hours and

the labour force will also grow at the same rate.4

These are characteristic features of the United

States and most industrialized economies over

periods longer than a typical business cycle. For

example, U.S. output growth averaged 3.38 per

cent per year for 1959-2001, while our measure of

the reproducible capital stock grew 3.55 per cent.5

We begin by decomposing the aggregate capi-

tal stock between reproducible capital stock and

land, which we assume to be fixed. This implies:

(8) 

where is the value share of reproducible cap-

ital stock in total capital stock.

We construct estimates of trend output and

labour productivity growth, conditional on the pro-

jected growth of the remaining sources of econom-

ic growth. More formally, if , then

Equations (3), (4), (7), and (8) imply that trend

labour productivity and output growth are given by:

(9) 

Equation (9) is a long-run relationship that

averages over cyclical and stochastic elements

and removes the transitional dynamics due to

capital accumulation. The second part of the def-

inition of trend growth is that the unemploy-

ment rate remains constant and hours growth

matches labour force growth. Growth in hours

worked was exceptionally rapid in the 1995-2000

period, as the unemployment rate fell from 5.6

per cent in 1995 to 4.0 in 2000, so output growth

was considerably above its trend rate.6 We esti-

mate hours growth over the next decade by

means of detailed demographic projections,

based on Census Bureau data.

In order to complete intermediate-term

growth projections based on Equation (9), we

require estimates of capital and labour shares,

the IT output share, the share of reproducible

capital stock, capital quality growth, labour qual-

ity growth, and TFP growth. Labour quality

growth and the various shares are relatively easy

to project, while extrapolations of the other vari-

ables are subject to considerable uncertainty.

Accordingly, we present three sets of projections

— a base-case scenario, a pessimistic scenario,

and an optimistic scenario.

We hold labour quality growth, hours growth,

the capital share, the reproducible capital stock

share, and the IT output share constant across the

three scenarios. We refer to these as the “common

assumptions.” We vary IT-related TFP growth,

the contribution to TFP growth from non-IT

sources, and capital quality growth across these

scenarios and label them “alternative assump-

tions.” Generally speaking for these variables, the

base-case scenario incorporates data from the

long expansion of 1990-2000, the optimistic sce-

nario assumes the patterns of 1995-2000 will per-

sist, and the pessimistic case assumes that the

economy reverts to 1973-1995 averages.

Common Assumptions

Hours growth ( ) and labour quality

growth ( ) are relatively easy to project.

The Congressional Budget Office (2002) proj-

ects growth in the potential labour force of 1.0

per cent per year, a slight decrease from earlier

projections. We project hours growth at 1.0 per

cent per year for 2002-2012. CBO does not

employ the labour quality concept. 
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We construct our own projections of demo-

graphic trends. Ho and Jorgenson (1999) have

shown that the dominant trends in labour quali-

ty growth are due to rapid improvements in edu-

cational attainment in the 1960s and 1970s, and

the rise in female participation rates in the 1970s.

The improvement in educational attainment of

new entrants into the labour force largely ceased

in the 1990s, although the average educational

level continued to rise as younger and better

educated workers entered the labour force and

older workers retired.

We project growth in the population from the

demographic model of the Bureau of Census,

which breaks the population down by individual

year of age, race and sex.7 For each group the pop-

ulation in period t is equal to the population in

period t-1, less deaths plus net immigration.

Death rates are group-specific and are projected

by assuming a steady rate of improvement in

health. The population of newborns in each peri-

od reflects the number of females in each age

group and the age- and race-specific fertility rates.

These fertility rates are projected to fall steadily.

We observe labour force participation rates in

the last year of our sample period. We then proj-

ect the work force by assuming constant participa-

tion rates for each sex-age group. The education-

al attainment of workers aged a in period t is pro-

jected by assuming that it is equal to the attain-

ment of the workers of age a-1 in period t-1 for all

those who are over 35 years of age in the last year

of the sample. For those who are younger than 35

we assume that the educational attainment of

workers aged a in forecast period t is equal to the

attainment of workers aged a in the base year.

Our index of labour quality is constructed

from hours worked and compensation rates. We

project hours worked by multiplying the project-

ed population in each sex-age-education group by

the annual hours per person in the last year of the

sample. The relative compensation rates for each

group are assumed to be equal to the observed

compensation in this sample period. We project

labour quality growth from our projections of

hours worked and compensation per hour.

Our estimates suggest that hours growth

( ) will be about 1.0 per cent per year over

the next ten years, essentially the same as the CBO

(2002) estimate. We estimate that growth in labour

quality ( ) will be 0.16 per cent per year

over the next decade. This is considerably lower

than the 0.28 per cent growth rate for the period

1959-2000, driven by rising average educational

attainment and stabilizing female participation.

The capital share ( ) has not shown any

obvious trend over the past 40 years. We assume

it holds constant at 40.9 per cent, the average for

1959-2000. Similarly, the fixed reproducible cap-

ital share ( ) has shown little change and we

assume that it remains constant at 83.7 per cent,

the average for 1959-2000. We assume the IT

output share ( ) remains at 4.5 per cent, the

average for 1995-2000. This is likely to prove a

conservative estimate, since IT has steadily

increased in relative importance in the U.S.

economy, rising from 1.7 per cent of output in

1970 to 2.3 per cent in 1980, 3.3 per cent in

1990, and 4.7 per cent in 2000.  

Alternative Assumptions

Productivity growth in IT production

( ) has been extremely rapid in recent

years with a substantial acceleration after 1995.

For 1990-1995, productivity growth for IT pro-

duction averaged 7.35 per cent per year, while for

1995-2000 growth averaged 9.31 per cent. While

these growth rates are high, they are consistent

with industry-level productivity estimates for

high-tech sectors. For example, Jorgenson, Ho,

and Stiroh (2002a) report productivity growth of

18.00 per cent per year for 1995-2000 in electron-

ic components, including semiconductors, and

16.75 in computers and office equipment. 
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Jorgenson (2001) argues the large increase in

IT productivity growth was triggered by a much

sharper acceleration in the decline of semicon-

ductor prices. This can be traced to a shift in the

product cycle for semiconductors in 1995 from

three years to two years, a consequence of inten-

sifying competition in the semiconductor mar-

ket. It would be premature to extrapolate the

recent acceleration in productivity growth into

the indefinite future, however, because this

depends on the persistence of a two-year product

cycle for semiconductors.

To better gauge the future prospects of techni-

cal progress in the semiconductor industry, we

turn to The International Technology Roadmap for

Semiconductors.8 This Roadmap, constructed every

two years by a consortium of industry associations

and updated annually, projects a two-year product

cycle through 2005 and a three-year product cycle

thereafter. This is a reasonable basis for projecting

the productivity growth related to IT for the U.S.

economy. Moreover, continuation of a two-year

cycle provides an upper bound for growth projec-

tions, while an immediate reversion to a three-

year cycle gives a lower bound.

Our base-case scenario projects IT-related

growth of 8.33 per cent per year, the average for

1990-2000, giving equal weight to the two-year

product cycle for 1995-2000 and the three-year

product cycle for 1990-1995.9 The optimistic

scenario assumes that the two-year product cycle

for semiconductors remains in place so that pro-

ductivity growth in IT production averages 9.31

per cent per year, as it did for 1995-2000. Our

pessimistic projection assumes a reversion to the

three-year semiconductor product cycle of 1973-

1995, when IT-related productivity growth was

6.93 per cent per year. In all cases, the contribu-

tion of IT to TFP growth reflects the 1995-2000

IT share of GDP of 4.5 per cent.

The non-IT TFP contribution is more diffi-

cult to project, so we present a range of alternative

estimates that are consistent with the historical

record. Our base-case projection uses the average

contribution from the 1990s and assumes a con-

tribution 0.11 percentage points. This assumes

that the myriad factors that drove TFP growth in

the 1990s — technical progress, resource realloca-

tions, and increased competitive pressures — will

continue into the future. Our optimistic case

assumes that the contribution for 1995-2000 of

0.17 percentage points per year will continue,

while our pessimistic case assumes that the U.S.

economy will revert back to the slow-growth peri-

od from 1973-1995 when this contribution aver-

aged only 0.06 per cent per year.

The final step in our projections is to estimate

the growth in capital quality ( ). The one-

sector neo-classical growth model has capital stock

and output growing at the same rate in balanced

growth equilibrium. We distinguish between IT

and non-IT capital and the historical record shows

that substitution between these two types of capital

is an important source of output and productivity

growth. For the period 1959-2001 as a whole, cap-

ital quality growth contributed 0.41 percentage

points to output growth as firms substituted toward

IT capital inputs with higher marginal products.

An important difficulty in projecting capital

quality growth from recent data, however, is that

investment patterns in the 1990s may partially

reflect an unsustainable investment boom in

response to temporary factors like Y2K invest-

ment and the NASDAQ stock market bubble,

which may have skewed investment toward IT

assets. Capital quality for 1995-2000 grew at 2.30

per cent per year as firms invested heavily in IT,

but there has been a sizable slowdown in IT

investment in the second half of 2000 and 2001.

Therefore, we must be cautious about relying too

heavily on the most recent investment experience.

Our base-case projection uses the average rate

of capital quality growth for 1990-2000, which

was 1.63 percentage points; this averages the high

rates of substitution of IT for non-IT capital

inputs in the late 1990s with the more moderate

KQln∆
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rates of the early 1990s. Our optimistic projec-

tion ignores the possibility that capital substitu-

tion was unsustainably high in the late 1990s and

assumes that capital quality growth will continue

at the annual rate of 2.30 per cent for the period

1995-2000. Our pessimistic scenario assumes that

the growth of capital quality will revert to the

0.88 annual growth rate for 1973-1995.

Output and Productivity Projections 
for the United States

Table 3 assembles the components of our pro-

jections and presents the three scenarios for the

2001-2011 period. The top panel of Table 3

shows the projected growth of output, labour

productivity, and the effective capital stock. The

second panel reports the five factors that are held

constant across scenarios — hours growth,

labour quality growth, the capital share, the IT

output share, and the reproducible capital stock

share. The bottom panel includes the three com-

ponents that vary across scenarios — TFP

growth in IT, the TFP contribution from other

sources, and capital quality growth.

Our base-case scenario puts trend labour pro-

ductivity growth at 1.78 per cent per year, and

trend output growth at 2.78 per cent per year.

Chart 5 presents our projection of labour produc-

tivity growth and its decomposition, while Chart

6 gives the corresponding projection of output

growth. Projected productivity growth falls short

of our estimate of 2.07 per cent for 1995-2000 and

even the 2.02 per cent for 1995-2001. Output

growth is considerably slower due to the project-

ed slowdown in hours growth. Hours grew at 1.99

per cent per year for 1995-2000 and 1.53 per cent

per year for 1995-2001, compared to our projec-

tion of 1.0 per cent for the next decade. Capital

stock growth is projected to fall in the base-case to

2.32 per cent per year.

Our base-case scenario incorporates the under-

lying pace of technical progress in semiconductors

embedded in the International Technology Roadmap

projection and puts the contribution of IT-related

TFP below that of 1995-2000 as the semiconduc-

tor industry eventually returns to a three-year
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Table 3
Output and Labour Productivity Projections, 
United States, Total Economy, 2001-2011

Projections
Pessimistic Base-case Optimistic

Projections
Output Growth 2.14 2.78 3.38
ALP Growth 1.14 1.78 2.38
Effective Capital Stock 1.79 2.32 2.83

Common Assumptions
Hours Growth 1.00 1.00 1.00
Labour Quality Growth 0.157 0.157 0.157
Capital Share 0.409 0.409 0.409
IT Output Share 0.045 0.045 0.045
Reproducible Capital Stock Share 0.837 0.837 0.837

Alternative Assumptions
TFP Growth in IT 6.93 8.33 9.31

Implied IT-related TFP Contribution 0.31 0.37 0.43
Other TFP Contribution 0.06 0.11 0.17
Capital Quality Growth 0.88 1.63 2.30
Implied Capital Deepening Contribution 0.68 1.21 1.69

Notes: In all projections, hours growth and labour quality growth are from internal pro-

jections, capital share and reproducible capital stock shares are 1959-2000 averages,

and IT output shares are for 1995-2000. Pessimistic case uses 1973-1995 average

growth of capital quality, IT-related TFP growth, and non-IT TFP contribution. Base

case uses 1990-2000 averages and optimistic cases uses 1995-2000 averages.

Chart 5
Range of Labour Productivity Projections, United States,
2001-2011

Annual Contribution (%)
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product cycle. Slower growth is partly offset by the

larger IT output share. Other TFP growth also

makes a smaller contribution. Although the slower

pace of capital input growth is partly offset by

slower hours growth, capital deepening is insuffi-

cient to raise the projected growth rate to the

observed growth rate for 1995-2001.

Our optimistic scenario projects labour produc-

tivity growth at 2.30 per cent per year, reflecting

our assumption of continuing rapid technical

progress in IT production. In particular, the two-

year product cycle in semiconductors is assumed to

persist for the intermediate future, driving rapid

TFP growth in IT production, as well as continued

substitution toward IT capital input and rapid

growth in capital quality. In addition, non-IT TFP

growth continues at the pace for 1995-2000.

Finally, the pessimistic projection of 1.14 per

cent per year growth in labour productivity

assumes that underlying trends in TFP growth and

growth in capital quality revert back to the sluggish

growth rates of the 1973-1995 period and that the

three-year product cycle for semiconductors begins

immediately. Even with the larger share of IT,

labour productivity growth in this scenario will fall

short of the rates seen in the 1970s and 1980s. 

Output and Productivity Projections 
for Canada.

Table 4 assembles the components of our pro-

jections and presents three scenarios for Canada

for the 2001-2011 period. During the past two

decades the growth experience of the United

States and Canada has been similar in many

respects. The rate of growth in Canada during

the 1980s was similar to that in the United

States, but with lower productivity growth.

However, this gave way to a more substantial

slowdown than in the United States during the

early 1990s, followed by a revival during the

period 1995-2000. Our base case scenario is that

the growth of the period 1990-2000 will contin-

ue, while the optimistic scenario is based on con-

tinuation of the relatively rapid growth of the

period 1995-2000. Our pessimistic scenario is

based on a continuation of the growth of the

period 1981-1995. 

The top panel of Table 4 shows the projected

growth of output, labour productivity, and the

effective capital stock for Canada. The second

panel reports hours growth, labour quality

growth, the capital share, the IT output share,

and the reproducible capital stock share — fac-

tors that are held constant across the three sce-

narios.10 The bottom panel includes TFP growth

in IT, the TFP contribution from other sources,

and capital quality growth — components that

vary across the three scenarios. 

Our base-case scenario puts trend labour pro-

ductivity growth at 1.15 per cent per year, and

trend output growth at 2.28 per cent per year.

Chart 7 presents our projection of labour produc-

tivity growth and its decomposition, while Chart

8 gives the corresponding projection of output

growth. The base case projection of productivity

growth of 1.15 per cent per year falls short of our

estimate of 1.59 per cent for 1995-2000. Output

growth is also slowed by the projected slowdown

in hours growth. Hours grew at 2.04 per cent per

N U M B E R S I X ,  S P R I N G 2 0 0 3 15

Chart 6
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year for 1995-2000, compared to our projection

of 1.14 per cent for the next decade. 

Our optimistic scenario projects labour pro-

ductivity growth at 1.63 per cent per year, reflect-

ing the assumption of continuing rapid growth in

total factor productivity. Finally, the pessimistic

projection of 0.45 per cent per year growth in

labour productivity assumes that underlying trends

in TFP growth and growth in capital quality revert

back to the sluggish growth rates of the 1981-1995

period. The range between optimistic and pes-

simistic projections is almost identical to that in

the United States. Even with the larger share of

IT, labour productivity growth in this scenario will

fall well short of the rates seen in the 1980s. 

Conclusions

Our primary conclusion is that a consensus

has emerged about trend rates of growth for out-

put and labour productivity for the United

States. Our methodology assumes that trend

growth rates in output and reproducible capital

are the same, and that hours growth is con-

strained by the growth of the labour force along

a balanced growth path. While productivity is

projected below the pace seen in late 1990s, we

conclude the U.S. productivity revival is likely to

remain intact for the medium-term. Projections

for Canada are similar but somewhat less opti-

mistic, reflecting lower rates of productivity

growth projected for the future. 

Our second conclusion is that trend growth

rates for both the United States and Canada are

subject to considerable uncertainty. For the U.S.

economy this can be identified with the future

product cycle for semiconductors and its impact

on the production of other high-tech gear. The

switch from a three-year to a two-year product

cycle in 1995 produced a dramatic increase in the

rate of decline of IT prices. This is reflected in the

investment boom of 1995-2000 and the massive

substitution of IT capital for other types of capital

that took place in response to price changes. The
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Table 4
Output and Labour Productivity Projections, Canada,
2001-2011

Projections
Pessimistic Base-case Optimistic

Projections
Output Growth 1.58 2.28 2.76
ALP Growth 0.45 1.15 1.63
Effective Capital Stock 1.22 1.77 2.14

Common Assumptions
Hours Growth 1.14 1.14 1.14
Labour Quality Growth 0.689 0.689 0.689
Capital Share 0.445 0.445 0.445
IT Output Share 0.022 0.022 0.022
Reproducible Capital Stock Share 0.774 0.774 0.774

Alternative Assumptions
TFP Growth in IT 10.17 9.44 9.36
Implied IT-related TFP Contribution 0.22 0.21 0.21
Other TFP Contribution -0.51 0.11 0.45
Capital Quality Growth 0.70 0.37 0.31
Implied Capital Deepening Contribution 0.35 0.45 0.58

Notes: Hours growth is estimated to grow at the same rate as the labour force growth rate

supplied by Frank Denton. Labour quality growth is assumed to grow at the 1995-2000

rate. Capital and reproducible stock shares are 1981-2000 averages and IT output shares

are for 1995-2000. IT output shares exclude net exports. Pessimistic case uses 1981-

1995 average growth of capital quality, IT-related TFP growth, and non-IT TFP contribu-

tion. Base case uses 1990-2000 averages and optimistic cases uses 1995-2000 averages.

Chart 7
Range of Labour Productivity Projections, Canada,
2001-2011
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issue that must be confronted by policy-makers is

whether this two-year product cycle can continue,

and whether firms will continue to respond to the

dramatic improvements in the performance/price

ratio of IT investment goods.

The lessons for Canada from the American

growth resurgence are, first, that investment in

information technology equipment and software

has increased in relative importance in Canada

and in all the major OECD economies. The con-

tinuing sharp decline in IT prices is an important

source of the increased importance of IT invest-

ment in all countries. However, IT investment

also reflects the overall momentum of the econ-

omy in each country and there is no implication

that Canadian firms have invested too little in

IT-equipment and software.

Second, future trends in economic growth

depend on future labour force growth, as well as

future changes in technology. While trends in

labour force growth are relatively easy to project,

considerable uncertainty will continue to charac-

terize projections of new developments in tech-

nology. The growth of the Canadian labour force

during 1995-2000 was greater than that in the

United States, reflecting increases in labour qual-

ity due to rising levels of educational attainment

in Canada as well as more rapid growth in hours

worked. The growth of hours worked in Canada,

like that in the United States., was not sustainable. 

A complete understanding of the role of infor-

mation technology in Canada requires a full

accounting for recent economic growth like that we

have presented for the United States.  This requires

the successful measurement of quality-adjusted

prices for IT assets and the incorporation of invest-

ment in software into the Canadian national

accounts. The data for Canada that underlie our

projections contain important improvements in

both areas. These data will be reported more fully

by Harchaoui, Khanam, and Tarkani (2003) at the

2003 Annual Meeting of the Canadian Economic

Association in Ottawa this June.
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Reserve Bank of New York. Email: djorgenson@harvard.edu.

1 We focus on the period 1995-2000 to avoid the cyclical

effects of the 2001 recession.  We discuss estimates for the

period 1995-2001 later in the paper.  Note also that pro-

ductivity growth for our broad coverage of the U.S. econo-

my is somewhat slower than the nonfarm business sector.

2 Note that our output and capital service flow concepts

include the services of residential structures and consumer

durables, as well as government structures and equipment.

See Jorgenson (2001) for details.

3 Output shares include personal consumption expenditures,

gross private domestic investment, government purchases,

and net exports for each type of IT equipment and software.

Note that the use of the price dual to measure technologi-

cal change assumes competitive markets in IT production.

As pointed out by Aizcorbe (2002), the market for many IT

components, notably semiconductors and software, is not

perfectly competitive and part of the drop in prices may

reflect changes in markups rather than technical progress.

However, Aizcorbe concludes that the decline in markups

accounts for only about one-tenth of the measured decline

in the price of microprocessors in the 1990s.

4 The assumption that output and the capital stock grow at

the same rate is a property of balanced growth equilibrium

in the standard neo-classical growth model.
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Chart 8
Range of Output Projections, Canada, 2001-2011
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5 Reproducible assets exclude land.

6 These unemployment rates are annual averages for the civil-

ian labour force, 16 years and older from BLS.

7 The details of the population model are given in the Bureau

of the Census (2000).

8 See International Technology Roadmap for Semiconductors

(2001), http://public.itrs.net.

9 Note that we explicitly exclude 2001 because the cyclical

declines associated with the 2001 recession obscure the

underlying trends.

10 The details of the population model for Canada are given in

Denton, Feaver, and Spencer (2000). We are indebted to

Professor Frank Denton for providing current projections of

the Canadian labour force for the period 2001-2011.

References

Aizcorbe, Ana (2002) “Why are Semiconductor Prices
Fallings So Fast? Industry Estimates and
Implications for Productivity Measurement.”
Federal Reserve Board, Mimeo, February.

Bureau of Labour Statistics (2002) “Multifactor Product-
ivity Trends, 2000,” USDL 02-128, March 12.

Bureau of the Census (2000) “Methodology and
Assumptions for the Population Projections of
the United States: 1999 to 2100,” www.census.
gov/population/www/projections/natproj.html.

Colecchia, Alessandra, and Schreyer, Paul (2002) “ICT
Investment and Economic Growth in the 1990s:
is the United States a Unique Case? A
Comparative Study of Nine OECD Countries,”
Review of Economic Dynamics, 5(2), April, 408-43.

Congressional Budget Office (2002) “The Budget and
Economic Outlook: An Update,” Washington
DC: Government Printing Office, August.

Council of Economic Advisors (2001) “Annual Report
of the Council of Economic Advisors,” in the
Economic Report of the President, January.

Denton, Frank T., Christine H. Feaver, and Byron G.
Spencer (2000) “Projections of the Population
and Labour Force to 2046,” Department of
Economics, McMaster University, February.

Harchaoui, Tarek, Bilkis Khanam, and Faouzi
Tarkhani (2003) “Information Technology and
Economic Growth in the North American
Private Business Sector,” Paper to be presented
at the Annual Meeting of the Canadian
Economic Association, Ottawa, Canada, June 1. 

Ho, Mun S. and Dale W. Jorgenson (1999) “The
Quality of the U.S. Workforce, 1948-1995,”
Harvard University, Kennedy School of
Government.

International Technology Roadmap for
Semiconductors 2001 (2001) Sematech
Corporation, December, Austin, Texas.

Jorgenson, Dale W. (1996) “The Embodiment
Hypothesis,” In Postwar U.S. Economic
Growth, Cambridge MA: The MIT Press.

_____ (2001) “Information Technology and the U.S.
Economy,” American Economic Review, 91(1),
March,1-32.

Jorgenson, Dale W., and Zvi Griliches (1996) “The
Explanation of Productivity Change,” in Postwar
U.S. Economic Growth, Cambridge MA: The
MIT Press. 

Jorgenson, Dale W., Mun S. Ho, and Kevin J. Stiroh
(2002a) “Growth in U.S. Industries and
Investments in Information Technology and
Higher Education,” prepared for NBER/CRIW
Conference on Measurement of Capital in the New
Economy, April.

_____ (2002b) “Projecting Productivity Growth:
Lessons from the U.S. Growth Resurgence,”
Federal Reserve Bank of Atlanta Economic Review,
87(3), Third Quarter, 1-14. 

Jorgenson, Dale W. and Kevin J. Stiroh (2000)
“Raising the Speed Limit: U.S. Economic
Growth in the Information Age,” Brookings
Papers on Economic Activity, (1), 125-211.

Jorgenson, Dale W., and Kun-Young Yun (2001)
Lifting the Burden: Tax Reform, the Cost of Capital,
and U.S. Economic Growth, Cambridge, The MIT
Press. 

Lally, Paul R. (2002) “Fixed Assets and Consumer
Durable Goods for 1925-2001,” Survey of
Current Business, 82(9), September, 23-37.

Oliner, Stephen D. and Daniel E. Sichel (2000) “The
Resurgence of Growth in the Late 1990s: Is
Information Technology the Story?” Journal of
Economic Perspectives, 14(4), Fall, 3-22.

_____ (2002) “Information Technology and
Productivity: Where Are We Now and Where
Are We Going?” Federal Reserve Bank of Atlanta
Economic Review, 87(3), Third Quarter, 15-44.

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 R18



N U M B E R S I X ,  S P R I N G 2 0 0 3 19

The issue of Canada’s productivity perform-

ance has received much attention in recent

years. The focus of the concern has been

that Canada’s productivity growth rate in the sec-

ond half of the 1990s lagged that in the United

States. Numerous policies have been advanced to

remedy this situation. Less attention has been

given the factors behind Canada’s long-term

lower level of labour productivity relative to that

in the United States. The objective of this paper is

to remedy this neglect of relative aggregate pro-

ductivity levels and offer an explanation of why

Americans have been and continue to be, on aver-

age, more productive than Canadians.

The paper is divided into four parts. The

introduction provides a brief overview of pro-

ductivity issues and developments to set the con-

text for the paper. The second section provides a

detailed examination of the current and histori-

cal evidence of the gap on aggregate productivi-

ty levels between Canada and the United States,

looking at the measurement of labour and capital

and providing estimates of labour, capital, and

total factor productivity. The third part discusses

and evaluates the contribution made by a large

number of factors to the explanation of the

labour productivity gap between the two coun-

tries. The fourth and final section concludes.

Productivity is defined as the ratio of output

to input in a production process. Partial produc-

tivity measures such as labour productivity or

capital productivity relate output to a single

input. Total or multi-factor productivity meas-

ures relate output to an index of two or more

inputs. Total factor productivity is particularly

useful for gauging the efficiency of the use of

resources. Labour productivity is crucial for

determining the potential growth in living stan-

dards as higher levels of per capita income or

output require more output to be produced per

worker (Sharpe, 2000b).

In discussion of productivity, it is very impor-

tant to always specify whether one is referring to

productivity levels, that is the amount of output

per unit of input at a point in time, or to pro-

ductivity growth rates, that is the per cent

change in productivity levels between two points

in time. This is because productivity is both a

physical and value relationship. The physical

dimension refers to changes over time in the

amount of output produced by a unit of input

measured in real terms, that is expressed in con-

stant prices. This is what we have traditionally

meant by productivity growth. The value dimen-

sion refers to the value, expressed in current dol-

lars, of output produced by a unit of input. This

Why are Americans 
More Productive 
than Canadians?

Andrew Sharpe*
Centre for the Study of Living Standards



measure is used to compare productivity levels

across sectors as only prices can be used to aggre-

gate heterogeneous physical goods.1

Before beginning discussion of productivity

gaps, it is useful to review why productivity is

important.2 Economic growth can be decomposed

into productivity growth and employment or

labour force growth. Productivity growth has been

the most important component of economic

growth in Canada in the second half of the 20th

century, accounting for two-thirds of output

growth from 1946 to 2002 (Chart 1). In the golden

age of postwar capitalism from 1946 to 1973 when

productivity growth was particularly strong (3.91

per cent per year), productivity growth accounted

for nearly four-fifths of output growth. After 1973,

when output per hour growth slowed down (1.35

per cent per year), productivity growth accounted

for only 46 per cent of economic growth.

Productivity growth is even more important

from the perspective of growth in living stan-

dards, which factors in population growth and is

defined as GDP per capita. Changes in per capi-

ta GDP over time are determined by trends in

output per hour, average hours, the proportion

of the population of working age (15 and over) in

the total population, the labour force participa-

tion rate, and the unemployment rate. From

1946 to 2002, output per hour growth (2.53 per

cent per year) accounted for 117 per cent of

GDP per capita growth (2.16 per cent), due to

negative contributions from the decline in aver-

age hours worked and a small increase in the

unemployment rate (Charts 2 and 3). In the

1946-73 period, the contribution was 147.7 per

cent, declining to 76 per cent in 1973-2002. 

Equally, differences in the level of GDP per

capita across countries can be accounted for by dif-

ferences in the level of GDP per hour, working

time, and the employment share in total population,

in turn affected by the unemployment rate, the par-

ticipation rate, and the demographic structure.3

Estimates of the Canada-US 
Aggregate Productivity Gap

This section presents estimates of the Canada-

U.S. productivity gap for the total economy,

including both the business and non-business

sectors. Because of productivity measurement

problems in the non-business sector, the discus-

sion of productivity growth rates has focused on

trends in the business sector. However, the defi-

nition of the business sector varies between
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Chart 1
Contribution of GDP per Hour Worked Growth 
to Economic Growth in Canada, 1946-2002, 
Selected Periods 
(productivity growth as a proportion of GDP growth)
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Source: Tables 1 and 3 in the unabridged version of the paper.

Chart 2
Contribution of GDP per Hour Growth to Growth in
GDP per Capita in Canada, 1946-2002, Selected Periods
(productivity growth as a proportion of GDP per capita
growth)
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Canada and the United States. For example,

many hospitals are part of the business sector in

the United States, but almost all hospitals are

included in the non-business sector in Canada.

For this reason and also because of easier data

availability for the total economy than for the

business sector, the total economy or total GDP

is taken as the unit of analysis for aggregate pro-

ductivity performance in this paper. 

Statistics Canada does not produce official

estimates of Canada-US productivity gaps as it

does for productivity growth rates. This means

that there are different estimates of Canada’s

aggregate productivity level relative to that of the

United States produced by different independent

researchers based on different data sources. 

Data Requirements for Productivity 
Level Comparisons

The basic data needed to derive estimates of

levels of aggregate or total economy labour, cap-

ital and total factor productivity includes: output

estimates, expressed in current prices or in con-

stant prices (calculated from current price or

nominal output data and output price indices);

employment and average hours estimates; capital

stock estimates, and purchasing power parity

estimates for GDP.

Output estimates

Statistics Canada and the U.S. Bureau of

Economic Analysis produce estimates of Gross

Domestic Product (GDP) at current prices, and

at constant prices based on Fisher chain indexes.

These estimates are based on national accounts

definitions and conventions developed by the

United Nations that have been adopted by all

OECD countries. In principle, the methodolo-

gies used to compile the estimates are more or

less comparable. This is particularly so since the

Canadian national accounts followed the U.S.

lead in adopting chain indexes and in treating

software as an investment good. 

Labour input

Data on labour input comes from both estab-

lishment-based and household-based surveys.

The establishment-based survey in Canada is

called the Survey of Employment, Payroll and

Hours (SEPH) and in the United States the

Current Employment Survey (CES). The house-

hold-based survey in Canada is named the Labour

Force Survey (LFS) and in the United States the

Current Population Survey (CPS).4
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Chart 3
Real GDP per Hour Worked in Canada 
and the United States
(Average annual rate of change)
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For employment estimates this paper uses

household-based estimates for both countries.

This is because household-based employment

estimates are more comprehensive than estab-

lishment-based employment estimates, and

include all industries and all classes of workers.

Establishment-based employment surveys

exclude agricultural workers and non-salaried

workers (self-employed and unpaid family work-

ers). From a labour productivity perspective, it is

desirable to include all persons engaged in pro-

duction in labour input.

The choice of actual hours worked data is

considerably more difficult than the choice of

employment data. This paper makes use of

both establishment-based and household-

based estimates as it focuses on average week-

ly hours. Total annual hours worked is calcu-

lated as the product of annual hours per person

employed (average weekly hours multiplied by

52 weeks) and the estimate for household-

based employment. 

In Canada, household and establishment-

based estimates give similar results on the num-

ber of hours worked. In 2002, average weekly

hours per employee from SEPH was 34.3 (Chart

4). Average actual weekly hours from the LFS

was 34.1, nearly identical to the SEPH estimate.

In the United States, the establishment-based

and the household-based hours estimates reveal

different stories about working time. In 2002,

average weekly hours based on the CES was

34.2. This estimate is for production workers

only. Estimates for non-production workers do

not appear available and it is not know if average

hours worked by non-production workers are

greater or less than that of production workers.

In contrast, average hours for all workers from

the CPS was 37.6, 2.9 hours per week (151 per

year) or 8.5 per cent more than the CES esti-

mate. 

Labour productivity levels measured on an

hours basis are thus significantly lower when CPS

hours estimates are used and higher when the CES

hours estimates are used. The choice of hours data

however makes little difference for productivity

growth, and, in particular, for the productivity

growth acceleration in the second half of the

1990s, as both measures of average weekly hours

have remained stable over this period. 

As shown above, both the SEPH and LFS

estimates of average hours for Canada are very

similar to the CES estimate for the United States

at around 34 hours per week. This implies that

there is very little difference between output per

worker and output per hour estimates of labour

productivity relatives between the two countries. 

But the CPS hours estimate for the United

States is significantly larger than both estimates

for Canada. This implies that there is a signifi-

cant difference between the output per worker

and output per hour estimates of labour produc-

tivity relatives between the two countries when

this data source is used. Thus, Canada’s relative

labour productivity level gap, based on hours
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Chart 4
Average Weekly Hours in Canada and the United States,
Establishment and Household Surveys, 2002
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worked, is much smaller when CPS hours esti-

mates are used. 

BLS officials caution that the CPS hours esti-

mate may be too high because it includes unpaid

hours of work, which the BLS believes is overre-

ported on the CPS (Eldridge et al., 2001).5 On the

other hand, it is noted that the CES hours esti-

mate may be too low as it excludes non-produc-

tion workers and the self-employed, many of

whom work long hours both paid and unpaid.6

Statistics Canada officials appears to have greater

confidence in the LFS estimate of hours, even

though it too includes unpaid hours worked. 

Capital input 

Both Statistics Canada and the Bureau of

Economic Analysis (BEA) produce estimates of

the capital stock based on the perpetual invento-

ry methodology, which combines investment

flows and assumptions of depreciation patterns

and rates. In the past, depreciation assumptions

differed significantly between countries, making

the capital stock estimates not comparable

(Coulombe, 2002). Statistics Canada has recent-

ly moved much closer to BEA methodology and

assumptions so the capital stock estimates are

now much more comparable. 

Purchasing power parities

Purchasing power parity (PPP) estimates are

needed to translate national currency estimates

of GDP and expenditure categories into com-

mon currency (U.S. dollar) estimates. Statistics

Canada produces official estimates of the bilater-

al PPP between Canada and the United States

for current dollar GDP and expenditure cate-

gories for the 1992-2001 period (Kemp, 2002).7

This paper has extrapolated forward and back-

ward the series on the basis of the differences in

trends in the GDP deflator in the two countries.

In 2002, it is estimated that the GDP PPP was

$0.85 U.S., compared to the actual exchange rate

of $0.637 U.S. 

There are two basic methodologies for con-

verting national currency-denominated statistics

into a common currency using PPPs (Smith,

2003). The first involves converting a nominal (not

adjusted for price changes) series, that is, the nom-

inal value in each year is converted using the PPP

for that year. The second methodology involves

converting a constant price series, that is the real

value in each year is converted using the PPP for

the base year of the constant price series. This

paper presents both current price and constant

price common currency (U.S. dollar) estimates for

Canadian GDP based on the two methodologies. 

Estimates of Productivity Relatives

Labour productivity

The Centre for the Study of Living Standards

(CSLS) has compiled estimates of GDP per

worker and per hour worked for Canada (Table 3

in the unabridged version of the paper) and the

United States (Table 4 in the unabridged version

of the paper) for the 1946-2002 period in both

nominal and real terms. Appendix Table 1 and

Charts 5 and 6 present productivity relatives,

that is GDP per worker and per hour in Canada

as a proportion of the U.S. level. As the current

and constant dollar relative estimates are virtual-

ly identical, only the current dollar estimates will

be discussed.8

Canada’s level of output per person

employed, $63,002 in U.S. current dollars in

2002, was 81.0 per cent of the U.S. level of

$77,800.9 This was the lowest relative level since

the late 1960s (Chart 5). The highest relative

level was 90.5 per cent in 1958. There appears to

have been no convergence of Canadian levels of
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output per worker toward U.S. levels in the post-

war period in Canada as even in 1946 the relative

level was 79.8 per cent (Appendix Table 1). 

As noted in the previous section, Canada’s

level of GDP per hour worked relative to the

U.S. level is sensitive to the choice of hours data

for the United States. When establishment-

based hours estimates are used, there is little dif-

ference between output per worker and output

per hour relative estimates because average

weekly hours worked are almost identical in the

two countries. On the other hand, using house-

hold-based estimates, the Canada-U.S. labour

productivity gap is reduced because these esti-

mates show greater hours worked in the United

States than in Canada. 

In 2002, Canada’s level of output per hour

worked was $35.54 in current U.S. dollars. When

CES hours estimates are used for the United

States, a productivity relative of 81.0 per cent is

obtained, the lowest level since the late 1960s

(Chart 6 and Appendix Table 1). On the other

hand, when CPS hours estimates are used for the

United States, a much higher productivity relative

of 89.2 per cent in obtained. This too is the lowest

level in the history of the household-survey hours

series, which only goes back to 1976.

The 8.2 percentage point difference in the

Canada-U.S. output per hour level gap in 2002

between the productivity relative based on the

U.S. CES hours estimates (19.0 points) and the

productivity relative based on CPS hours esti-

mates (10.8 points) is, of course, explained by the

difference in CES and CPS hours (34.2 hours

per week versus 37.6 respectively).

Other estimates of Canada’s relative productiv-

ity level are fairly consistent with the above esti-

mates.10 They all show that output per hour in

Canada has always been below that of the United

States, that the productivity gap has increased in

the 1990s, particularly since 1994, and that the

current gap is between 11 and 19 percentage

points depending on the source of hours data used. 

Capital productivity

The productivity of the capital stock is defined

as the amount of value added produced per unit

($1,000) of capital stock. In 2001 (capital stock for

2002 is not yet available for the United States)

Canada’s capital productivity level, calculated with

constant price data, was 97.1 per cent that of the
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Chart 5
GDP per Worker Levels, Canada as a Per cent 
of the United States, 1946-2002
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Chart 6
GDP per Hour Worked Levels, Canada as a Per cent 
of the United States, 1946-2002
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United States. Canada’s capital productivity gap

with the United States is thus much less than the

labour productivity gap. There has been a strong

secular decline in Canada’s relative capital produc-

tivity since the 1950s (Chart 7).11

Total factor productivity

Total factor productivity growth is the differ-

ence between an index of output and an index of

input where the growth rate of the input index is

the weighted average of factors of production with

the weights the factor income shares. Canada’s

level of total factor productivity relative to that in

the United States can be calculated by combining

its relative labour and capital productivity using as

weights the income share of labour and capital.

The results are of course sensitive to which hours

measure in used for the United States.

In 2001, Canada’s relative level of total factor

productivity for the total economy was 87.2 per

cent that of the United States using relative

labour productivity based on the US CES hours

estimate and 92.5 per cent using relative labour

productivity based on the US CPS hours esti-

mate.12 Both estimates were down considerably

from those experienced in the mid-1970s, when

the level of TFP in Canada approached that in

the United States (Chart 8).

Explanations for the Canada-U.S. 
Labour Productivity Gap

This section of the paper examines possible

explanations for the current gap in total economy

labour productivity levels between Canada and

the United States. Three types or levels of expla-

nations are included. First, sectoral contributions

to productivity growth and the impact of industry

structure on aggregate productivity are analyzed.

Second, the main drivers of productivity growth,

capital intensity, technological innovation, and

human capital, are discussed. Finally, the frame-

work environment or infrastructure influencing

the productivity drivers, which includes

economies of scale and scope, taxes, social poli-

cies, unionization, and regulation, is examined. 

Sectoral Contributions to the Gap and
Industrial Composition

As a first step in the analysis of the total econ-

omy labour productivity gap between Canada and

the United States, it is useful to calculate the sec-

toral contributions to the gap.13 Unfortunately,
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Chart 7
Relative Capital Productivity Levels, Canada as 
a Percentage of the United States, 1955-2001

1955 1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999
90

95

100

105

110

115

120

125

Source: Table 8.

Chart 8
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this exercise runs up against two serious problems.

First, industry-specific purchasing power parities,

which are needed to calculate industry relative

productivity levels, are not available. Statistics

Canada currently calculates PPPs on an expendi-

ture basis, not an industry basis. Second, Statistics

Canada now produces industry statistics on the

basis of the North American Industrial

Classification System (NAICS), while some U.S.

statistical agencies continue to use the Standard

Industrial Classification (SIC). This makes the

industry classification systems not directly compa-

rable between the two countries.  

Despite these serious problems, both current

dollar and constant dollar productivity relatives

have been calculated for 10 Canadian industries

for 1999 (the most recent year for current dollar

industry estimates) on the basis of the GDP PPP

and the two different industry classification sys-

tems.14 These data should be regarded as highly

provisional and may be subject to major changes

when industry PPPs are developed and NAICS is

fully adopted by U.S. statistical agencies. 

The current and constant dollar estimates of

productivity relatives by industry are quite close.

Output per worker in mining in Canada appears

to be twice as high as in the United States, while

output per worker in construction is somewhat

higher. Labour productivity in agriculture,

forestry, and fisheries appear roughly compara-

ble in the two countries. In manufacturing,

transportation and public utilities, finance, insur-

ance and real estate, and services, Canada

appears to have between 80 and 90 per cent of

the U.S. level. In retail and wholesale trade,

Canada appears to have only around two-thirds

the U.S. level.

The industry or sectoral contribution to the

overall Canada-U.S. productivity gap (23 per-

centage points in 1999 for output per worker

according to these figures) can be approximated

as the product of a particular industry productiv-

ity gap and the industry’s employment share.

Thus all industries except for mining and con-

struction contributed to the gap, with the contri-

butions of retail trade and services reflecting

both the large gaps in these sectors and their

large employment shares.

At the 10 industry level there are not major

differences in the industry structure of employ-

ment in Canada and the United States. At a more

disaggregated level, more differences would

appear, as a greater share of manufacturing

employment is in natural resource-related indus-

tries in Canada and a greater share in high-tech

industries in the United States. Thus difference

in the industry composition of employment

between Canada and the United States accounts

for very little of the gap. If Canada had the U.S.

employment structure at the 10 industry level,

with actual Canadian labor productivity levels,

aggregate labour productivity in Canada in 1999

would be only 1.0 per cent higher. 

Main Drivers of Productivity Growth

Capital Intensity

A possible explanation for a lower aggregate

labour productivity level in Canada than in the

United States is a lower level of capital intensity,

that is capital per worker or per hour worked.

This is indeed the case. The Canada-U.S. relative

capital-labour ratio at the total economy level in

2001 was 84.7 per cent based on employment,

84.3 per cent based on US CES hours, and 92.6

per cent based on U.S. LFS hours. The lower

level of capital intensity means that Canada’s gap

in TFP with the United States is less than that for

labour productivity.15 Capital intensity has been

rising faster in Canada than in the United States

from 60.0 per cent in 1955 to 84.3 per cent based

on U.S. CES hours (Chart 9). 

The actual contribution of Canada’s lower

capital-labour ratio to the labour productivity
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gap can be calculated by multiplying the share of

capital income in GDP by the capital-labour gap.

The output per hour gap based on U.S. CES

hours was 17.9 points in 2001 and the capital-

labour ratio gap was 15.7 points, and capital’s

share of GDP was 0.3. Thus 4.7 points (15.7*0.3)

of the labour productivity gap or 26.3 per cent of

the gap was due to lower capital intensity in

Canada. The comparable calculation for the

labour productivity gap based on CPS hours (9.2

points) and the capital-labour ratio gap based on

CPS hours gap of 7.4 points is 2.2 points or 30.0

per cent. If capital intensity were equal in both

countries, then this factor would make no contri-

bution to the labour productivity gap.16

Technological Innovation

In addition to the productivity gap between

Canada and the United States, there is also an

innovation gap,17 the latter contributing to the

former. The most widely recognized manifesta-

tion of the innovation gap is the large discrepan-

cy between the two countries in terms of R&D

expenditures.18 In 2000 (the most recent year for

which data are available for the United States),

Canada devoted 1.67 per cent of GDP to R&D,

a full percentage point below the US effort of

2.69 per cent (Chart 10). This situation reflects

both differences in industrial structure between

the two countries, with Canada’s relatively larger

natural resource-related industries less R&D

intensive, and the high level of foreign owner-

ship in Canadian industry, with R&D concen-

trated in the home country.

Canada’s low level of R&D spending has neg-

ative implications for Canada’s patenting record,

another key indicator of our ability to innovate.19

According to Trajtenberg (2002:273-4), Canada

stands mid-way vis-a-vis other G-7 countries in

terms of patents per capita and patent/R&D ratios

and has been overtaken in recent years by a group

of countries geared toward the high-tech sector

(Finland, Israel, Taiwan, with South Korea closing

in). Trajtenberg also finds that the “rate of suc-

cess” of Canadian patent applications in the

United States has been relatively low and the

technological composition of Canadian patents is

out of step with the rest of the world, with weak-
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nesses in the crucial computer and electrical and

electronic products areas.

Due to Canada’s small size, it will always

account for a very small proportion of the world

supply of innovations. From this perspective,

what matters for productivity growth is the

importation of best-practice technologies from

other countries and the wide diffusion and adop-

tion of these technologies by Canadian business.

Some argue (e.g. Helliwell, 1998:104) that

domestic R&D is a key measure (better, for

example, than educational attainment) of a

nation’s capacity to obtain and make use of for-

eign technologies. Thus Canada’s low level of

R&D may have negative effects on the pace at

which best-practice technologies are imported

into Canada, diffused throughout the country

and hence adopted by industry.

It is very difficult to estimate the contribution

of the innovation gap, defined as both the pro-

duction of new technologies through domestic

R&D and the adoption of best-practice tech-

nologies from abroad, to the labour productivity

gap, but it is likely the key factor.20 Certainly, the

widening of the gap in the second half of the

1990s has reflected the larger and more dynamic

nature of the information technology (IT) indus-

tries in the United States. Indeed, Bernstein,

Harris and Sharpe (2002) found that the much

more rapid growth in high-tech industries in the

second half of the 1990s in the United States

largely accounted for faster U.S. manufacturing

productivity growth and hence the growing

Canada-U.S. manufacturing, and total economy,

productivity gap.  

Human Capital

The average educational attainment of the

population is very similar in Canada and the

United States. According to OECD figures, the

average Canadian aged 25 to 64 in 1999 had 99.4

per cent of the years of educational attainment of

a worker in the United States — 13.21 years ver-

sus 13.29 years. 

The profiles of educational attainment how-

ever differ somewhat between the two countries.

In 1998, 40 per cent of Canadian women and 36

per cent of men aged 25-64 had attained tertiary

education (all forms of post-secondary educa-

tion, including universities and community col-

leges), compared to 34 per cent and 35 per cent

respectively in the United States (OECD,

2001b:55, Chart A10.3). Canada has increased its

lead over the United States in this crucial area in

the 1990s. Between 1989 and 1996, the percent-

age point change in the proportion of the

employed population aged 25 to 64 with tertiary

qualifications increased 6.8 points in Canada,

nearly double the 3.9 point rise in the United

States. (OECD, 2001b: Table C4.2).

However, the proportion of the population

that had attained at least upper secondary educa-

tion was lower in Canada than in the United

States, particularly for older Canadians: 67 per

cent versus 80 per cent for persons aged 55-64,

and 88 per cent versus 90 per cent for those 25-

34 (OECD, 2001b:55, Chart A10.2). 

The higher incidence of tertiary education in

Canada is explained by the high level of develop-

ment of the community college system (includ-

ing CEGEPs in Quebec). The proportion of the

adult population with a university degree is actu-

ally lower in Canada than in the United States. 

In addition, the United States outperforms

Canada in the graduation rate for advanced

research programs. The proportion of the popu-

lation at typical age of graduation who received a

PhD in 1999 was 1.3 per cent in the United

States and 0.8 per cent in Canada (OECD,

2002:169, Table C4.1). To the extent that a uni-

versity education, particularly an advanced uni-

versity education, is more important than a non-

university post-secondary education for produc-

tivity, the relative weakness of the Canadian uni-
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versity system may contribute to the labour pro-

ductivity gap.21

The average literacy and numeracy skills of

the workforce appear somewhat higher in

Canada than in the United States. According to

the International Adult Literacy Survey, in 1998

25 per cent of adult Canadians scored in the high

level in document literacy, compared to 20 per

cent of Americans (Chart 11). At the other end of

the literacy spectrum, 48 per cent of Americans

scored in the low level, compared to 43 per cent

of Canadians.

Canada also fares better that the United

States in standardized test results for grade 8

students. The Program for International

Student Assessment (PISA) results for science

and mathematics show that Canadian students

outperformed their U.S. counterparts in both

1995 and 1999 in both areas (OECD, 2002:312,

Table F 1.1).

A major strength of the United States is the

high quality of its research universities. The

United States has proportionately more world-

class university researchers than Canada, as evi-

denced by Nobel prizes, and has 35 per cent pro-

portionately more scientists and engineers in

R&D.22 This situation has undoubtedly con-

tributed to the high level of productivity in the

United States, as research universities create a

very favourable environment for the develop-

ment of applied, productivity-enhancing

research outside the university, as seen for exam-

ple in Silicon Valley. This strength in highly

qualified labour, which is closely related to the

innovation gap discussed earlier, undoubtedly

contributes to the Canada-U.S. labour produc-

tivity gap, but the importance is extremely diffi-

cult to quantify.23 One study attempt is Hall and

Jones (1996:Table 1), who estimated that in 1988

lower human capital per worker in Canada

accounted for 5 percentage points of the

Canada-U.S. aggregate labour productivity gap,

that is virtually all of the gap. 

Environment Influencing Productivity
Drivers

Economies of scale and scope

Large establishments tend to have higher

labour productivity levels than smaller establish-

ments as they enjoy longer production runs and

greater economies of scale and scope.

Establishment size tends to be lower in Canada

than in the United States. There is evidence that

the combination of these two factors contributes

to the Canada-U.S. labour productivity gap. 

Baldwin, Jarmin, and Tang (2002) found that

small and medium-sized plants accounted for

67.1 per cent of value added and 76.6 per cent of

employment in Canadian manufacturing in 1994

compared to 54.2 per cent and 65.4 per cent

respectively in the United States. They also

found that relative value-added per employee in

Canadian manufacturing for small plants (less

than 100 employees) was 67 per cent of the over-

all average, 104 per cent for medium plants (100-

500 employees) and 147 per cent for large plants

(over 500 employees). If Canada had had the

same employment size distribution as the United

States, but the same relative productivity by
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Chart 11
Adult Population by Level of Document Literacy,
Canada and United States, 1998
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plant size, the value added per employee in

Canadian manufacturing would have been 8 per

cent higher. It is likely that the same situation

prevails in other sectors, although comparable

data on establishment size are more difficulty to

obtain outside manufacturing.

A key issue is why average establishment size

continues to be smaller in Canada than in the

United States when the Canada-U.S. Free Trade

Agreement reduced trade barriers between the

countries. In theory, Canadian firms have open

access to the U.S. market, but in reality, because

of past history or path dependency, there is still

much more East-West trade within Canada rela-

tive to North-South trade than predicted by

gravity models based on population. This inertia

in the adjustment of trade flows to potential mar-

ket opportunities has been labeled border effects

(Helliwell, 1998).24 Over time it is expected that

these border effects will continue to fall, with

positive implications for Canadian productivity

growth and the reduction in the productivity

gap. It is unlikely however that border effects

will completely disappear.

Taxes

The government plays a larger role in eco-

nomic life in Canada than in the United States.

In 2002, government revenues, which include

both tax and non-tax receipts, represented 41.4

per cent of nominal GDP in Canada, com-

pared to 30.5 per cent in the United States.

Tax revenues in Canada were 29.2 per cent of

GDP compared to 18.6 per cent in the United

States.

Canada’s higher tax share has been advanced

by some as an explanation of Canada’s lower

labour productivity level. However, the evidence

of this negative impact is weak for three reasons.

First, the main potential linkage between taxes

and productivity is through investment, with

high corporate taxes potentially stifling business

investment (Chen and Mintz, 2003). Yet the

share of current dollar investment in non-resi-

dential fixed assets in GDP has actually been

higher over the 1955-2002 period in Canada

(16.2 per cent of GDP) than in the United States

(14.6 per cent), and comparable in the 1980s and

1990s. 

Second, high personal taxes can have negative

effects on labour supply, both in terms of the

decision to participate in the labour force and the

decision on how many hours of work to supply.

Taxes do affect economic growth through this

channel, but reduced labour supply or input

affects output proportionately and has no nega-

tive effect on productivity. It is unlikely that any

negative supply effects on labour supply has had

any significant effect on personal saving and

national investment. 

It can also be noted that the OECD reports

that the total tax wedge, including employer’s

social security contributions, are very similar in

Canada and the United States, and much lower

than in most European countries. In 1999, the

tax wedge for a single person was 31.8 per cent in

Canada, almost identical to the 31.1 per cent in

the United States (OECD, 2001b:61. Table

A13.1). For married persons, the rates were 23.0

percent and 24.5 per cent respectively. 

Equally Chen and Mintz (2003:8, Table 5)

report that the differences between Canada and

the United States in the combined effective cor-

porate and personal tax rate on entrepreneurial

capital are small.25

Third, many European countries have much

higher taxes shares in GDP than experienced in

the United States, yet have high labour produc-

tivity levels. Indeed, all of the six countries with

higher levels of output per hour than the United

States in 2002 (Belgium, Norway, Ireland,

Germany, France, and the Netherlands in Table

2 in the unabridged version of the paper) had

much higher tax shares than the United States. 
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Social policies

It has been suggested that social policies may

account for the lower level of Canadian labour

productivity as such policies may dampen the

pace of reallocation of resources from declining

to expanding regions and industries. But the evi-

dence, as in the case of tax policy, is weak. Again

social programs largely affect labour supply

behaviour, not output per hour. The even more

generous social programs in Europe have not

prevented many European countries from

achieving high productivity levels, in certain

cases even superior to US levels. 

Total public social spending is actually only

slightly larger in Canada than in the United

States (Chart 12). Public social spending (cash

benefits and services) was 16.9 per cent of GDP

in Canada in 1997 compared to 16.0 per cent in

the United States (OECD, 2001b:73, Chart

B6.2).26 However, income support to the work-

ing age population was greater in Canada (5.2

per cent versus 2.2 per cent of GDP).27

Unionization 

The unionization rate is significantly higher

in Canada than in the United States. Indeed, in

2002, 32.2 per cent of employees were unionized

in Canada, compared to 14.6 per cent in the

United States. Unions can have negative effects

on productivity through restrictive work prac-

tices, so the higher unionization rate in Canada

has been advanced as an explanation of the

labour productivity gap. 

But unions can also have positive effects on

productivity through their voice function which

reduces costly labour turnover and through their

wage effects, which spurs employers to substitute

capital for labour thereby increasing labour pro-

ductivity. It is unclear which effect dominates.

Consequently, it is likely that unions have little

net effect on labour productivity levels and that

the difference in unionization rates does not

account for lower productivity levels in Canada.

Regulation

It is often asserted that the degree of labour

market and product market regulation is greater

in Canada than the United States. Since regula-

tions can have a negative effect on productivity,

it is sometimes argued that this situation con-

tributes to the Canada-U.S. labour productivity

gap. 

But it is very difficult to quantify the wide

range of regulations that affect economic activity

in the two countries and to conclude that Canada

is more regulated than the United States. Indeed,

environmental regulation is considered by many

to be more stringent in the United States. In

addition, certain regulations can have a positive

effect on labour productivity (though possibly a

negative effect on total factor productivity) by

forcing firms to invest in capital-intensive

machinery and equipment that is both pollution-

reducing and labour-saving. Consequently, it is
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unlikely that differences in the regulatory envi-

ronment can account for much of the gap

between U.S. and Canadian aggregate labour

productivity levels.

Other factors

In addition to the factors discussed above,

there are many other factors which influence

productivity growth rates and levels, including

capacity utilization, minimum wages and payroll

taxes, and competition. 

Capacity utilization tends to be positively

correlated with productivity growth. Much

weaker capacity utilization in Canada than in the

United States could account for part of the

labour productivity gap. But in 2002, the Bank of

Canada estimated that the economy-wide output

gap was higher in Canada than in the United

States. This suggests that no part of the current

Canada-U.S. labour productivity gap can be

accounted for by cyclical factors. Indeed, the

strong cyclical position of the Canadian econo-

my may even be dampening the gap. 

One explanation that has been advanced for

relatively high output per hour productivity lev-

els in Europe is that low wage jobs have largely

been eliminated through high minimum wages,

high wage floors negotiated through collective

bargaining, and payroll taxes borne by employ-

ers. The lack of low productivity jobs increases

average labour productivity through a composi-

tion effect. 

In mid-2000, the ratio of adult minimum

wages to median full-time earnings was 0.42 in

Canada (OECD, 2001b:71, Chart 5B5.1). This

ratio was lower than in many European countries

such as France (0.61), but higher than in the

United States (0.37). In the mid to late 1990s,

the incidence of low pay in Canada was 21 per

cent, compared to less than 15 per cent in most

European countries and 25 per cent in the

United States (OECD, 2001b:67, Chart B3.1).

In principle, this situation would not account for

the labour productivity gap, but rather would

tend to reduce the gap. 

On the other hand, payroll taxes are actually

lower in Canada than in the United States due to

lower social security contribution rates, reducing

labour costs. This gives less incentive for

employers to increase labour productivity by

substituting capital for labour. Given the offset-

ting influences of Canada’s high relative mini-

mum wage and low payroll costs, and the rela-

tively small differences with the United States, it

is unlikely that the net effect of these two factors

on the Canada-U.S. labour productivity gap is

significant. 

Competition is the driving force behind pro-

ductivity advance. A possible explanation for

lower productivity levels in Canada than in

United States may be that Canadian firms are

under less intense competitive pressures than

U.S. firms. Such a situation could reflect either

regulatory barriers in Canada (e.g. restrictions

on foreign ownership in certain sectors such as

banking, transportation, and cultural indus-

tries), the smaller size of the Canadian market,

or behavioural differences between Canadian

and U.S. entrepreneurs and managers.

Unfortunately, little evidence is available on

differences in competitive pressures between

the two countries.

Conclusion

This paper has documented a labour productiv-

ity gap currently in the 10 to 20 per cent range in

the total economy between Canada and the United

States in 2002.28 Unfortunately, the uncertainly

surrounding the reliability of the two estimates of

average weekly hours produced by the U.S. Bureau

of Labor Statistics does not allow one to narrow

the range of the estimates of the gap.
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This paper reviews possible explanations for

this gap and concludes that it reflects five factors:

• The lower capital intensity of economic activ-

ity in Canada, estimated to account for

around one fifth of the gap; 

• Canada’s innovation gap as manifested by

lower R&D expenditures and patenting as

well as lags in the diffusion of best-practice

techniques into Canada from other countries,

particularly the United States;

• Canada’s relatively underdeveloped high-tech

sector which has had much lower productivity

growth than its U.S. counterpart; 

• Canada’s less developed human capital at the

top end of the labour market, as manifested by

proportionately fewer university graduates and

scientists and engineers in R&D; and

• More limited economies of scale and scope in

Canada reflecting smaller plant size due to the

continuation of border effects.

The paper finds no conclusive evidence that

the other factors examined, including industry

structure, taxes, social policies, unionization, and

regulation accounted for a significant portion of

the gap. However, further research is needed

before definitive conclusion can be drawn on the

importance of these factors in explaining the

productivity gap.

The future evolution of the Canada-U.S. pro-

ductivity gap depends on the relative productivi-

ty growth rate in the two countries. To the

degree that Canada can reduce its innovation

gap, foster investment to increase capital intensi-

ty, develop the high-tech sector, improve the

quality of workers at the high end of the labour

market, and increase plant size, it can increase its

productivity growth rate and reduce the produc-

tivity gap (assuming that the United States expe-

riences a slower rate).

The key data recommendation of the paper is

that further research be undertaken on the hours

issues, in particular to ascertain the comparabili-

ty of the household survey hours estimates

between the two countries in order to narrow the

range of estimates of the size of the gap.
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1 There is no necessary relationship between physical and

value concepts of productivity. For example, the agricultur-

al sector has enjoyed very rapid long-term productivity

growth, but the value productivity of the sector (current

dollar value of output per worker) is well below the econo-

my-wide average due to the fall in the relative price of agri-

cultural goods. The productivity gains have been passed on

to consumers through lower prices. Conversely, certain

services sectors which have experienced no growth in phys-

ical productivity may have a high value productivity level.

This may be because of strong demand for the output of the

sectors, high costs of factor inputs in the sectors, or

monopoly power in the sector allowing firms to raise prices.

2 On the two-way relationship between productivity and

social progress, see Sharpe, St-Hilaire and Banting (2002)

3 McGuckin and Van Ark (2003) shows that in 2002 Canada’s

GDP per capita was 82.6 per cent that of the United States.

This estimate was slightly less than Canada’s aggregate

labour productivity relative (83.7 per cent of the U.S. level)

because of fewer hours worked in Canada (4.0 percentage

points less than in the United States) offset by a higher

share of employment in the total population (2.8 per cent). 

4 One minor difference between the LFS and the CPS is that

the working age population is defined as 15 and over in

Canada, and as 16 and over in the United States. 

5 Also see Van Ark (1998), OECD (1998) and OECD (2001a) for

discussion of the measurement of hours.

6 Jack Triplett, a former senior BLS official, in his discussion

of this paper, remarked that he considers the U.S. establish-

ment survey “dreadful.” He feels it is very out-of-date as it

was designed in the 1920s. He also noted that at that time,

the concept of production worker, used by the establishment
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survey, may have had meaning, but it has little relevance in

the 21st century.

7 Three multilateral PPP estimates are also available for

Canada (Appendix Table 5 in the unabridged version of the

paper). Two of the three are quite similar to the bilateral

estimates. For example, the OECD GDP PPP historical series

gives an estimate of $0.825 U.S. for 2000 and the Statistics

Canada multilateral PPP for OECD countries gives an esti-

mate of $0.83 U.S. compared to the Statistics Canada bilat-

eral estimate of $0.84. The Penn World table estimate is a

bit of an outlier at $0.793. Productivity relatives would be

slightly different if these PPPs were used.

8 As the focus of this paper is on explaining productivity

level differences, not productivity growth rates, it can be

argued that current dollar levels are more relevant than

constant dollar levels as they capture shifts in expenditure

patterns (although the movement to chain GDP indexes may

have reduced this advantage of current dollar estimates and

may also explain the near identical time paths of the two

series, as Chart 6 shows).

9 This estimates of the Canada-U.S. aggregate labour produc-

tivity gap in this paper are much larger than that 6.1 point

gap in the level of output per worker between the two

countries reported by Hall and Jones (1996) for 1988. This

paper finds that the gap in 1988 was 13-14 per cent

(Appendix Table 1).

10 See the unabridged version of the paper for comparison of CSLS

estimates of Canada-U.S. relative labour productivity with esti-

mates calculated by other researchers, including Angus

Maddison (2001), the Groningen Growth and Development

Centre and the OECD.

11 The composition of the capital stock varies significantly

between Canada and the United States. In 2001, machinery

and equipment represented only 25.2 per cent of the real

($1997) capital stock in Canada compared to 34.8 per cent

in the United States. Conversely, structures accounted for

74.8 per cent of the capital stock in Canada and 65.2 per

cent in the United States. This different structure has

implications for the capital productivity of the two compo-

nents. Because of the smaller share of machinery and

equipment in Canada, the relative productivity of this com-

ponent of the capital stock was 158.5 per cent that of the

United States. Equally, because of the higher share of struc-

tures, the relative productivity of this component of the

capital stock was only 78.5 per cent of the U.S. level.

12 The positive Canada-U.S. aggregate total factor productivi-

ty gap in this paper differs from the finding of gap in the

TFP level between the two countries reported by Hall and

Jones (1996) for 1988. This paper finds that the gap in

1988 was 3.8 points using CPS hours (Table 10 in the

unabridged version of the paper).

13 For an excellent discussion of factors at the firm level that

can explain productivity level differences across countries

at the industry level, see Baily and Solow (2001).

14 See Table 11 in the unabridged version of the paper.

15 This finding of lower capital intensity in Canada differs

from that of nearly identical capital intensity between the

two countries reported by Hall and Jones (1996) for 1988.

This paper finds that capital/labour ratio in 1988 was 10

per cent lower in Canada than in the United States (Table

14 in the unabridged version of the paper).

16 Because of the greater importance of structures in the cap-

ital stock in Canada relative to the United States, the capi-

tal-labour ratio for this component of the capital stock is

actually greater in Canada than in the United States.

Conversely, the capital-labour ratio for machinery and

equipment is much lower in Canada than in the United

States. Indeed, Canada’s capital-labour ratio for machinery

and equipment in 2001 was only 52-57 per cent of the U.S.

level depending on the measure. To the degree that machin-

ery and equipment has a greater impact on productivity

than structures, the use of the all components total capital-

labour in the calculation of this factor’s contribution to the

Canada-U.S. labour productivity gap may be understated.

17 One measure of the innovation gap is provided by the tech-

nology achievement index, a measure developed by the

United Nations Development Program (2001: Table A2.1).

This index is based on indicators of technology creation,

diffusion of recent innovations, diffusion of old innova-

tions, and human skills. The index for Canada is 24 per cent

less than for the United States.

18 See Rao et al. (2001) for a discussion of the innovation gap

and the impact of this gap on productivity.

19 The UNDP (2001: Table A2.1) reports that the patent rate

in Canada in 1998 was 31 per million persons, compared to

289 in the United States. 

20 The federal government has identified the innovation gap

as a key, if not the key, factor in Canada’s productivity gap

with the United States. See Government of Canada (2002a)

for a discussion of proposed government measures to

reduce the innovation gap.

21 For evidence of this in the context of the manufacturing

sector, see Rao, Tang and Wang (2002).

22 In 1987-97, Canada averaged 2,719 scientists and engi-

neers in R&D per 100,000 persons, compared to 3,676 in

the United States (UNDP, 2001:Table A2.2).

23 The federal government has identified skills as a key deter-

minant of Canada’s productivity growth. See Government of

Canada (2002b) for a discussion of proposed government

measures to strengthen skills and learning in Canada.

24 Anderson and Wincoop (2003) have recently shown that

national borders reduce trade flows between industrialized

countries by 20-50 per cent, much less than earlier estimates.

25 In manufacturing, the combined tax rate for large firms in

Canada in 2001 was 72.4 per cent, compared to 69.7 per

cent in the United States. The comparable tax rate for small

firms was 72.5 per cent and 69.2 per cent respectively. In

services, the combined tax rate for large firms in Canada in

2001 was 66.4, compared to 64.6 per cent in the United

States. The comparable rate for small firms was 65.4 per

cent and 63.5 per cent respectively.
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26 Private spending on social spending was larger in the

United States than in Canada (8.6 per cent of GDP com-

pared to 4.5 per cent) in 1995 because of much higher pri-

vate spending on health in the United States (OECD,

2001:75, Table B 7.1). This meant that total social spend-

ing was actually less in Canada than in the United States in

1997 (21.4 per cent versus 24.6 per cent). 

27 For example, the average net replacement rate for four

household types (single, married couple, couple with two

children and lone parent with two children) in the first

month of benefit receipt in Canada in 1999 was 66 per cent

compared to 55 per cent for the United States (OECD,

2001b:59, Table A12.1). The difference between Canada

and the United States for the average net replacement rate

for long-term benefit recipients was even greater: 62 per

cent versus 35 per cent.

28 The unabridged version of the paper also addresses the

much broader, and even more crucial, question of how

important Canada-U.S. productivity relatives are for the

well-being of Canadians. See Sharpe (2002a) on the contri-

bution of productivity to economic well-being.

References

Anderson, James and Eric Van Wincoop (2003)
“Gravity with Gravitas: a Solution to the Border
Puzzle,” American Economic Review, Volume 93,
Number 1, March, pp. 170-192.

Baily, Martin N, and Robert Solow (2001)
“International Productivity Comparisons Built
from the Firm Level,” Journal of Economic
Perspectives, Volume 15, Number 3, Summer, pp.
151-172.

Baldwin, John R., Ron S. Jarmin and Jianmin Tang
(2002) “The Trend to Smaller Producers in
Manufacturing: a Canada/US Comparison,”
Economic Analysis Research Paper Series,
Number 003, Statistics Canada, May. 

Bernstein, Jeffrey I., Richard G. Harris and Andrew
Sharpe (2002) “The Widening Canada-U.S.
Productivity Gap in Manufacturing” International
Productivity Monitor Number 5, Fall, pp. 3-22.
Posted at www.csls.ca

Chen, Duanjie and Jack Mintz (2003) “How Canada’s
Tax System Discourages Investment,” C.D. Howe
Institute Backgrounder, Number 68, January.

Coulombe, Serge (2002) “The Canada-U.S.
Productivity Growth Paradox,” in Someshwar
Rao and Andrew Sharpe, editors Productivity
Issues in Canada pp. 117-136 (Calgary: University
of Calgary Press).

Eldridge, Lucy, Marilyn Manser, Phyllis Otto, and
Brooks Robinson (2001) “Hours Data in
Productivity Measures,” paper prepared for the
FESAC meeting, June 7-8. 

Government of Canada (2002a) Achieving Excellence:
Investing in People, Knowledge and Opportunity,
February.

Government of Canada (2002b) Knowledge Matters:
Skills and Learning for Canadians, February.

Hall, Robert E. and Charles I. Jones (1996) “The
Productivity of Nations,” Working Paper 5812,
November, National Bureau of Economic
Research.

Helliwell, John (1998) How Much Do National Borders
Matter? (Washington, D.C.: Brookings
Institution).

Kemp, Katherine (2002) “Purchasing Power Parities
and Real Expenditures, United States and
Canada, 1992-2001,” Statistics Canada Cat. 13-
604-MIB, No. 36, June.

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

McGuckin, R.H. and van Ark, B. (2003) Performance
2002, Productivity, Employment, and Income in the
World’s Economies, New York: The Conference
Board.

OECD (1998) “Annual Hours of Work: Definitional
and Comparability Issues,” paper prepared for
the 16th Meeting of the Working Party on
Employment and Unemployment Statistics,
March 23-24, Paris.

OECD (2001a) “Activities of the Working Party on
Employment and Unemployment Statistics —
Estimates of Annual Hours Actually Worked in
OECD Countries,” DSTI/EAS/IND/SWP
(2001)16.

OECD (2001b) Society at a Glance: OECD Social
Indicators (Paris: OECD).

OECD (2002) Education at a Glance: OECD Indicators
(Paris: OECD).

Rao, Someshwar, Ashfaq Ahmad, William Horsman,
and Phaedra Kaptein-Russell (2001) “The
Importance of Innovation for Productivity,”
International Productivity Monitor, Number Two,
Spring, pp. 111-18. Posted at www.csls.ca.

Rao, Someshwar, Jianmin Tang and Weimin Wang
(2002) “The Importance of Skills for Innovation
and Productivity,” International Productivity
Monitor, Number Four, Spring, pp. 15-26.
Posted at www.csls.ca.

N U M B E R S I X ,  S P R I N G 2 0 0 3 35



Sharpe, Andrew (2002a) “The Contribution of
Productivity to Economic Well-being in
Canada,” in Someshwar Rao and Andrew Sharpe
(eds.) Productivity Issues in Canada (Calgary:
University of Calgary Press), pp. 843-875.

Sharpe, Andrew (2002b) “Productivity Concepts,
Trends and Prospects: An Overview,” in Andrew
Sharpe, France St-Hilaire and Keith Banting
Review of Economic Performance and Social Progess:
Linkages between Productivity and Social Progress
(Ottawa: Centre for the Study of Living
Standards and Montreal: Institute for Research
on Public Policy). Posted at www.csls.ca.

Sharpe, Andrew, France St-Hilaire and Keith Banting
(2002) Review of Economic Performance and Social
Progress: Toward a Social Understanding of
Productivity, (Ottawa: Centre for the Study of
Living Standards and Montreal: Institute for
Research on Public Policy). Posted at
www.csls.ca.

Smith, Jeremy (2003) “International Productivity
Comparisons: An Examination of Data Sources,”
International Productivity Monitor, Spring. This
issue posted at www.csls.ca. 

Trajtenberg, Manual (2002) “Is Canada Missing the
Technology Boat? Evidence from Patent Data,”
in Someshwar Rao and Andrew Sharpe, eds.
Productivity Issues in Canada (Calgary: University
of Calgary Press).

United Nations Development Program (2001) Human
Development Report 2001: Making new technologies
work for human development (New York: Oxford
University Press).

Van Ark, Bart (1998) “Annual Working Hours in the
United States: Which Measure Should be Used
for International Comparisons?” Groningen
Growth and Development Centre, unpublished
paper, July.

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 R36



N U M B E R S I X ,  S P R I N G 2 0 0 3 37

Appendix Table 1:
Relative Aggregate Labour Productivity Levels, Canada-United States, 1946-2001
(Canada as % of United States)

Employment Establishment-based hours Household-based hours
GDP per Worker GDP per Worker GDP per Hour GDP per Hour GDP per Hour GDP per Hour 
(in thousands (in current Worked (in Worked (in Worked (in Worked (in 

of 1997 dollars) dollars) 1997 dollars) current dollars) 1997 dollars) current dollars)

1946 80.42 79.77 60.94 60.45 n/a n/a
1950 86.52 85.83 67.69 67.15 n/a n/a
1955 87.23 86.53 71.90 71.32 n/a n/a
1960 88.17 87.47 78.40 77.77 n/a n/a
1961 87.45 86.75 79.56 78.93 n/a n/a
1962 87.07 86.38 79.47 78.83 n/a n/a
1963 87.19 86.49 80.56 79.91 n/a n/a
1964 86.57 85.87 80.33 79.69 n/a n/a
1965 85.50 84.81 80.05 79.41 n/a n/a
1966 83.13 82.46 78.06 77.44 n/a n/a
1967 82.77 82.10 77.74 77.12 n/a n/a
1968 83.00 82.33 79.69 79.05 n/a n/a
1969 84.16 83.49 81.87 81.22 n/a n/a
1970 86.45 85.76 84.73 84.05 n/a n/a
1971 85.86 85.17 84.59 83.91 n/a n/a
1972 86.33 85.64 86.39 85.70 n/a n/a
1973 86.09 85.40 86.15 85.46 n/a n/a
1974 87.97 87.27 87.75 87.05 n/a n/a
1975 87.39 86.69 88.05 87.34 n/a n/a
1976 88.21 87.50 90.15 89.43 90.80 90.07
1977 89.15 88.44 90.90 90.17 92.09 91.35
1978 89.01 88.30 89.38 88.66 91.72 90.98
1979 88.29 87.58 88.37 87.66 90.69 89.96
1980 88.25 87.54 88.73 88.02 91.04 90.31
1981 87.54 86.84 89.11 88.40 90.89 90.16
1982 88.79 88.08 89.73 89.01 92.36 91.62
1983 87.93 87.22 89.26 88.55 92.29 91.55
1984 88.14 87.43 89.84 89.12 93.78 93.02
1985 88.27 87.56 88.65 87.94 93.71 92.96
1986 86.72 86.02 86.89 86.20 92.52 91.78
1987 87.21 86.51 87.67 86.97 93.09 92.34
1988 87.11 86.41 85.87 85.18 92.56 91.81
1989 86.27 85.58 83.70 83.02 90.75 90.02
1990 85.35 84.66 83.74 83.07 90.68 89.95
1991 84.71 84.03 84.28 83.60 91.48 90.75
1992 84.06 83.38 85.22 84.54 91.42 90.68
1993 84.40 83.97 84.66 84.22 91.83 91.35
1994 85.32 85.13 85.01 84.81 91.64 91.44
1995 85.12 84.99 84.92 84.79 92.41 92.27
1996 84.06 84.68 83.05 83.67 90.57 91.23
1997 83.84 83.84 83.23 83.23 90.95 90.95
1998 82.72 83.31 82.89 83.48 90.15 90.79
1999 82.74 82.55 81.98 81.79 90.29 90.08
2000 82.29 82.57 80.95 81.22 89.28 89.58
2001 82.31 82.50 81.87 82.05 89.98 90.18
2002 80.80 80.98 80.82 81.00 89.00 89.20

Average annual rate of change
46-02 0.01 0.03 0.51 0.52 n/a n/a
46-73 0.25 0.25 1.29 1.29 n/a n/a
73-02 -0.22 -0.18 -0.22 -0.18 n/a n/a
73-81 0.21 0.21 0.42 0.42 n/a n/a
81-89 -0.18 -0.18 -0.78 -0.78 -0.02 -0.02
89-02 -0.50 -0.42 -0.27 -0.19 -0.15 -0.07
89-95 -0.22 -0.11 0.24 0.35 0.30 0.41
95-02 -0.74 -0.69 -0.70 -0.65 -0.54 -0.48

Source: Tables 3 and 4 in the unabridged version of the paper.
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The quickest way to get rich is to win the

lotto; or to discover oil in Texas, in Alberta,

or on the Grand Banks of Newfoundland,

nickel in Labrador, water power in Northern

Quebec, diamonds in the Northwest Territories,

etc. But this occurs only at certain times and

places. Most countries, most of the time, raise

their standard of living through two channels:

work more hours, or work smarter. Working

smarter means increasing labour productivity by

producing more output per hour worked.

Working more hours means one of two things (or

both): working in larger numbers, leading to a

higher employment-to-total-population ratio; or

supplying more hours per employed person, lead-

ing to a longer average work year. 

Accordingly, the standard of living of a nation

or region,1 can be expressed as the product of

three factors:

1) labour productivity (real GDP per work

hour);

2) the length of the work year (annual work hours

per employed person); and

3) the employment-to-total-population ratio (the

fraction of total population in employment).

The objective of this paper is to focus on dif-

ferences between Canada and the United States

in the length of the work year and the employ-

ment-to-total-population ratio, whose product

forms aggregate labour input or annual work

hours per capita. To enrich this perspective, a

regional dimension is also included.

Comparisons between the United States and

Canada are supplemented with data on the two

largest Canadian provinces, Ontario and

Quebec, which account for more than 60 per

cent of the country’s GDP.2

Relative Productivity and Labour Input
Per Capita: Major Facts and Issues

Table 1 breaks down the 2001 standard of liv-

ing of the two countries and the two largest

Canadian provinces into its three components. It

is immediately apparent that the two provinces

enjoy similar levels of aggregate labour produc-

tivity — 87 per cent of U.S. level for Ontario and

88 per cent for Quebec.3 However, measured liv-

ing standards are different in the two provinces.

In Ontario, the standard-of-living gap with the

United States (-14 per cent) is about the same as

the labour productivity gap (-13 per cent). This

means Ontarians supply about as much work

hours per capita annually as Americans. In con-

trast, the Quebec-U.S. standard-of-living gap 

Differences in Annual Work
Hours per Capita between

the United States 
and Canada

Pierre Fortin*
Department of Economics

University of Quebec at Montreal



(-23 per cent) is almost twice as large as the

Quebec-U.S. labour productivity gap (-12 per

cent). Quebecers supply fewer work hours per

capita than Americans and Ontarians.

Expressing annual work hours per capita as the

product of annual work hours per employed per-

son and the employment-to-population ratio

sheds greater light on differences between labour

input in Ontario and Quebec. Near equality of

Ontario and U.S. work hours per capita is the net

outcome of two offsetting factors: (1) the fraction

of the total population that have jobs is larger in

Ontario than in the United States; but, (2) annual

work hours per employed person are shorter in

Ontario than in the United States. In contrast,

these two factors do not offset but reinforce each

other in Quebec: (1) a smaller fraction of the total

population have jobs in Quebec than in Ontario;

and, (2) annual work hours per employed person

are shorter in Quebec than in Ontario.

All this raises two important issues about geo-

graphic differences in annual work hours per

capita. First, why is the average work year short-

er in Canada than in the United States, and what

are the implications for societal welfare? And

second, why is the employment-to-total-popula-

tion ratio lower in the United States and Quebec

than in Ontario?

The Shorter Work Year in Canada: 
Why, and So What?

Table 2 addresses the first question by pre-

senting the detailed distribution of annual work

hours underlying the average outcome reported
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Table 1
Components of the Standard of Living, United States and Canada, 2001

Real output Work hours/ Employment/total- Work hours Real income
per hour employed person population ratio per capita per capita

Country or (US=100) (US=100) (US=100) (US=100) (US=100) ($US)
Province (1) (2) (3) (4)=(2)x(3) (5)=(1)x(4) (6) 

United States 100 100 100 100 100 34,450
Canada 90 91 103 94 85 29,190

Ontario 87 93 106 98 86 29,590
Quebec 88 88 99 87 77 26,470

Note: Real output (or income) is real gross domestic product expressed in constant U.S. dollars as based on purchasing power par-

ity exchange rates for 2000. In these calculations, the national PPP exchange rate for Canadian dollars is set at 84 U.S. cents

as of 2000, based on Statistics Canada's U.S.-Canada bilateral PPP calculations. For provincial PPP exchange rates, the starting

point is Statistics Canada's estimates of retail price differentials as of October 1999. On a Canada = 100 basis, the price index

is 108 for Toronto and 103 for Ottawa, giving a weighted average of 106 for Ontario. The only index available for Quebec is that

of Montreal, which Statistics Canada puts at 95. Further assumptions on components of GDP other than private consumption

finally lead to provincial GDP price-differential indexes of 105 for Ontario and 97 for Quebec. Combining this information with

the national PPP estimate of 84 U.S. cents yields provincial PPP estimates of 80 U.S. cents for Ontario and 86.6 U.S. cents for

Quebec. Total hours actually worked and employment are from the U.S. and Canadian monthly household surveys of the civilian

noninstitutional population aged 16 and over in the United States, and 15 and over in Canada. In principle, official data for

hours worked and employment should be adjusted for Canada-U.S. differences in the size of the military and institutionalized

population, as well as in the definition of the working-age population. But the needed data for hours worked by these groups

are not available. Alternative measures of hours can be drawn from the U.S. and Canadian monthly establishment surveys. This

has the effect of lowering absolute hours levels in the two countries, but leaves relative levels almost unchanged. Estimates of

total population are from the U.S. Bureau of the Census and Statistics Canada.

Sources: Statistics Canada; Bureau of Economic Analysis and Bureau of the Census, U.S. Department of Commerce; Bureau of Labor

Statistics, U.S. Department of Labor.



in the second column of Table 1 for each geo-

graphic unit. These distributions suggest four

differences between the United States and

Canada. First, complete absence from work in

survey reference weeks (due to vacation, illness,

various obligations, etc.) is twice as common in

Canada as in the United States. On average in

2001, only 4 per cent of employed persons were

not at work in the United States, compared to 8

per cent in Canada. Second, while in the United

States the standard work week is strongly con-

centrated at 40 hours, in Canada it is at least as

likely to be found in the 30-39-hour interval as at

40 hours. Standard work weeks of 32.5, 35 and

37.5 hours are much more common in Canada,

and particularly so in Quebec. Third, while work

weeks in excess of 40 hours occur almost as fre-

quently in Ontario as in the United States, such

long hours are far less common in Quebec.

Fourth, part-time work of less than 30 hours per

week is somewhat more frequent in Canada than

in the United States — but not much so.

In sum, Canadians enjoy shorter standard

work weeks and are more often found to be

absent from work than Americans, and work

weeks in excess of 40 hours are particularly

unpopular in Quebec.4 All this puts Canada’s

annual work hours per employed person some-

where between the U.S. and European levels,

with Ontario closer to the United States, and

Quebec closer to Europe. In 2001, annual work

hours per employed person were 93 per cent of

U.S. level in Ontario, 88 per cent in Quebec and

82 per cent on average in the European Union.5
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Table 2
Percentage Distribution of Work Hours of Employed Persons in Reference Weeks of
Household Monthly Surveys, United States and Canada, Annual Average for 2001 

Work hours United States Canada Ontario Quebec

0 hours 4 8 7 9
due to: vacation 2.2 4.4 4.1 5.2

illness 0.8 1.8 1.4 2.2
obligations, etc. 1.1 1.7 1.6 1.5

1-29 hours 16 20 20 19
30-39 hours 14 24 23 30
40 hours 38 23 23 22
> 40 hours 28 25 27 20

Total 100 100 100 100

Average hours:
weekly 37.6 34.4 34.8 33.1
annual 1,953 1,788 1,809 1,722
index (U.S.=100) 100 91 93 88

Note: Data are from the U.S. and Canadian monthly household surveys of the civilian noninstitutional population aged 16 and over

in the United States, and 15 and over in Canada. Employed persons working zero hours during the survey reference week (i.e.,

not at work at all) are included in the distribution and in the calculation of average hours. Shorter hours arising from part-week

absence from work (due to vacation, holiday, illness, personal or family obligations, maternity leave, bad weather, etc.) are

incorporated directly into the hours distribution. Multiplying average weekly work hours calculated from this type of distribu-

tion by 52 therefore gives an estimate of average annual work hours per employed person. For Canada, Ontario and Quebec, the

sub-distribution shown for employed persons working zero hours according to the reason they are not at work is that of paid

workers (about 85 per cent of total employment), since it is the only one that is published. The average hours index shown in

the bottom line is the same as in the second column of Table 1.

Sources: Statistics Canada; Bureau of Labor Statistics, U.S. Department of Labor.



It was not always so. As shown in Chart 1, in

the mid-1960s employed persons worked longer

annual hours in Canada than in the United

States. Annual hours dropped in both countries

between 1965 and 1982, but much more in

Canada (-14 per cent) than in the United States

(-9 per cent). Since 1982, the length of the work

year has changed little in Canada, but has risen

cumulatively by 5 per cent in the United States.

What are the implications of these develop-

ments for societal welfare? Shorter work weeks

and longer and more frequent absence from work

clearly reduce real income per capita. However,

the increase in leisure time supports greater inter-

action with family and friends, more freedom

from congestion and pollution, more involvement

in time-consuming cultural and sporting activi-

ties, etc. These benefits procured by working less

hours provide an offset to the decrease in welfare

that the real income reduction represents. In a

classical laissez-faire context where decisions

about work and leisure are the result of individual

free choice, the leisure gain must have the same

welfare value as the income loss.

However, in real-world environments, those

decisions are partly the outcome of collective

action through governments and labour unions,

and therefore sometimes seem imposed on indi-

viduals instead of reflecting their voluntary deci-

sions. Further, while the idea that U.S. labour mar-

kets are unregulated is patently false, the involve-

ment of governments and unions does seem to be

more extensive in Canada than in the United

States.6 We know, for example, that during the

1965-1980 period of rapidly falling annual work

hours per employed person in Canada, provincial

governments were very active in introducing

restrictive overtime legislation, longer vacations

and more holidays in labour standards, and that

unions were successful in seeking shorter work

weeks and longer vacations for their members.7

Does this mean that the reduction of annual

work hours per employed person that has

occurred in the two countries since the mid-

1960s has translated into a larger drop in societal

welfare in Canada than in the United States?

Not necessarily so. The reason is that work and

leisure are, to a very large extent, based on inter-

action between humans. The value of work gen-

erally depends on how much workers can inter-

act with one another within and across firms and

organizations, and therefore on how much time

they spend collectively on the job. The same

remark applies to leisure: its value depends on

how much people can interact with one another

within families and groups of friends, and there-

fore on how much time they themselves spend

collectively at home.

The interactive nature of work and leisure

means that allocating time between them based

on individual decisions exempt from any collec-

tive input could make everyone worse-off. The

blind rat race could drive us to work too much.

As a result, the greater extent of collective deci-

sion-making in Canada than in the United States

could have the effect of increasing the welfare of

Canadians relative to Americans. Admittedly, the
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Chart 1
Average Annual Work Hours Per Employed Person,
United States and Canada, 1966-2002
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Sources: Statistics Canada; US Bureau of Labor Statistics.



true importance of the interactivity argument is

not known with certainty, and there could be, on

the other hand, too much collective decision-

making in Canada. But one cannot dismiss on

logical grounds the possibility that shorter work

hours have increased welfare on net in Canada

and, conversely, that average work hours are too

long in the United States.

Where Do Geographic Differences in
Employment Rates Come From?

The second question raised by Table 1 —

again, aside from lower productivity in Canada

— is: why do employment-to-total-population

ratios differ between geographic areas? More

specifically, what explains the fact that the 2001

employment-to-total-population ratio was lower

in the United States and Quebec than in

Ontario?

An important part of the answer is purely

demographic: there are significant differences in

the relative weight of children (i.e., the 0-to-14/15

age group) across geographic areas. Owing to its

higher birth rate, the United States has a higher

proportion of children than Canada. Since chil-

dren do not participate in the labour force, the

employment-to-total-population ratio is damp-

ened in the United States relative to Canada.

Table 3 clarifies the quantitative importance

of this phenomenon. The 2001 employment-to-

total-population ratio of each geographic unit is

expressed as the product of the employment-to-

working-age-population ratio and the working-

age-to-total-population ratio. The working-age-

to-total-population ratios are found to be 107

per cent of U.S. level in Ontario and 109 per

cent in Quebec. The demographic situation per

se reduces the measured standard-of-living gap

between the United States and Canada below

what it would otherwise be. Equivalently,

Ontario and Quebec are made “richer” by the

fact that they have more adults to put to work

and less children to feed than the United States.

Calculating the standard of living as the ratio

of real GDP to total population clearly exagger-

ates the purchasing power loss from having a

larger child population for two reasons. First,

children consume less than adults. Sophisticated

measures of living standards adjust family size

according to a consumption equivalence scale

which gives children only a fraction of the weight

of adults.8 Second, in a world of free choice and

perfect foresight, having more children is a par-

ticular expression of preferences in the use of

household income. Just as in the case of the

income-leisure choice, the gain from parenthood

must have the same societal welfare value as the

accompanying income reduction. If so, children

should be excluded from the measurement of liv-

ing standards, and real GDP should be divided

by the adult (or working-age) population, not

total population.

This adjustment is, of course, too extreme.

The real world is not one of perfect foresight.

When young parents decide on whether to have
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Table 3
Components of the Employment-to-Total-Population
Ratio, United States and Canada, 2001

Ratio
Employment/ x Working-age = Employment/
working-age population/ total population

Country or population total population
province (US=100) (US=100) (US=100)

United States 100 100 100
Canada 96 107 103

Ontario 99 107 106
Quebec 91 109 99

Note: Data on employment and working-age population are from the U.S. and Canadian

monthly household surveys of the civilian noninstitutional population aged 16 and

over in the United States, and 15 and over in Canada. Estimates of total popula-

tion are from the U.S. Bureau of the Census and Statistics Canada. The third col-

umn of this Table replicates the third column of Table 1.

Sources: Statistics Canada; Bureau of Labor Statistics, U.S. Department of Labor; Bureau

of the Census, U.S. Department of Commerce.



a baby, they often have no idea of the “joy” of

coping with their future teenagers twelve to

eighteen years later. Nevertheless, there is no

escape from the conclusion that the straight cal-

culation of the standard of living as the ratio of

real GDP to total population must lead to a sig-

nificant underestimate of societal welfare in the

United States relative to that in Canada.

In addition to this demographic difference

between the United States and Canada, there are

also differences in employment-to-working-age-

population ratios. Table 3 shows that the

employment-to-working-age-population ratio is

smaller on average in Canada than in the United

States.9 An important reason is that Canadian

workers retire earlier than American workers.

This is shown in Table 4, which compares the

age-specific employment-to-population ratios of

the two countries in 2001. U.S. and Canadian

ratios are very similar for ages up to 54, but for

older age groups Canadian ratios are significant-

ly smaller. This phenomenon could in principle

be a cohort effect associated with later entry of

Canadian women into the labour force. But, in

fact, it is not. Female labour force participation

rates in the 25-54 age bracket has been very sim-

ilar in the two countries over the last two

decades. The “Freedom 55” concept seems more

popular in Canada.

Recent evidence suggests that Canadian

income security programs contain stronger

incentives for early retirement than U.S. pro-

grams do. A study by Coile and Gruber (2000)

has shown that U.S. workers begin to lose money

on average if they retire past age 64, while anoth-

er study using the same methodology by Baker,

Gruber and Milligan (2001) has found that

Canadian workers begin to lose money if they

retire past age 60. 

It is not known to what extent this difference

in incentives between the two countries reflects a

true international difference in preferences

mediated through governement action, and to

what extent it is the unintended consequence of

distortionary work disincentives in the Canadian

income security system. This is important to

clarify for at least two reasons. First, this infor-

mation is needed for a proper assessment of how

much of the smaller employment-to-working-

age-population ratio in Canada constitutes a

genuine reduction in societal welfare. Second, it

is required knowledge for policies attempting to

cushion the future economic effects of popula-

tion aging. Now that the first cohorts of baby-

boomers are more than 55 years old, both the

economy and income security programs have

begun to suffer from the severe downward pres-

sure on Canada’s employment-to-working-age-

population ratio.

Table 3 also underlines important provincial

differences in employment-to-working-age-pop-

ulation ratios. With a relative score of 99 on this

account, Ontario is seen to employ about the

same fraction of its working-age population as

the United States. But Quebec’s score of 91 sug-

gests a much weaker relative employment per-

formance in that province. Why does Quebec
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Table 4
Age-specific Employment-to-Population Ratios,
United States and Canada, 2001

United States Canada Canada/US
Age group (per cent) (per cent) (US=100)

15/16-24 57.8 56.4 98
25-54 80.6 79.8 99
55-59 67.0 59.0 83 
60-64 47.5 34.8 73
65 and over 12.7 5.8 46
All working ages 63.8 61.2 96

Note: Data on employment and working-age population are from the US and Canadian

monthly household surveys of the civilian noninstitutional population aged 16 and

over in the United States, and 15 and over in Canada. The value of 96 for the

Canada-US relative employment-to-working-age-population ratio at the bottom of

the third column is the same as the index number for Canada in the first column of

Table 3.

Sources: Statistics Canada; Bureau of Labor Statistics, US Department of Labor.



employ a smaller fraction of its adult population

than the United States and Ontario? The short

answer is because it is still in the process of

catching up with the others. Evidence of this

ongoing process is summarized in Chart 2, which

traces Quebec’s employment-to-working-age-

population ratio relative to Ontario’s back to the

mid-1960s. The time path followed by Quebec’s

relative employment rate over this 35-year peri-

od is V-shaped. There is, first, a large drop from

1966 to 1982, and then a strong recovery from

1982 to 2002.

What happened? Basically, the 1965-1980

period saw rising union power and militancy, very

difficult industrial relations, and sharply accelerat-

ing real wages, reaching up to 10 per cent above

Ontario real wages during 1978-1982. The entire-

ly predictable macroeconomic outcome was

falling relative employment, rising relative unem-

ployment, increasing capital/labour ratios, high

average labour productivity, and declining capital

formation. All these were observed during the

period.

Following the 1982 recession, under rank-

and-file pressure labour union made a startling

about-face in their policies. They changed

abruptly from extracting maximum wages to

chasing maximum job security. As a result, over

the last two decades Quebec has been a model of

industrial peace, wage moderation, and relative

employment growth. Days lost due to labour dis-

putes have fallen below the national average, real

wages relative to Ontario have declined, capi-

tal/labour ratios and labour productivity have

returned to sustainable levels, the pace of capital

formation per capita has accelerated and exceed-

ed Ontario’s, relative employment has increased,

and relative unemployment has declined.10

In sum, Quebec’s relatively weak employment

level is an instantaneous picture taken along an

ongoing process of learning, change and conver-

gence. To understand the full story, one needs to

view the film, not only look at the photograph.11

Implications for Societal Welfare 
and Policy

What is the societal welfare significance of

differences in labour input per capita between

the United States and Canada? The fairest

answer is that we do not know for sure. First, the

length of the work year is shorter in Canada than

in the United States. But it is not known whether

the additional leisure time enjoyed by Canadians

increases or decreases their well-being on net

relative to Americans.

Second, U.S. real GDP per capita is held

down by the fact that the (non-working) child

population is larger in the United States than in

Canada. But it is hard to determine how much of

an offset the greater satisfaction from having

children in the United States provides to the

purchasing power loss incurred by their parents.

Third, Canadians retire earlier than

Americans. But the net societal welfare signifi-

cance of this phenomenon is also unclear. It

could be a faithful reflection of Canada-U.S. dif-
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Chart 2
Employment-to-Working-Age-Ropulation Ratio,
Quebec as a Percentage of Ontario
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ferences in individual preferences, but it could

also partly be the outcome of poor design of

income security programs in the two countries.

Fourth, the relatively lower employment rate

in Canadian provinces such as Quebec is not

entirely involuntary. Undoubtedly, it results

largely from some residual lack of employment

opportunities, and is welfare-reducing to that

extent. But by exactly how much is uncertain.

What policy prescriptions come out of this

analysis? Focusing on means of raising labour

input per capita, two types of policies at least

suggest themselves naturally. First, take a hard

look at possible work disincentives inherent in

Canada’s income security system. Second, keep

fighting excess unemployment by the standard

means: more and better education and training,

freer trade and competition, better incentives for

innovation and capital formation, continued

industrial peace and wage moderation, and a sta-

ble macroeconomic environment. This policy

package also has the “side-benefit” of helping to

increase productivity itself.

Notes

* Paper presented at the Conference on Relative Canadian-

U.S. Productivity and Living Standard Trends, organized by

the Centre for the Study of Living Standards at the Canadian

Consulate General, New York City, April 16, 2003. I am

grateful to Andrew Sharpe, Jack Triplett, Ed Wolff and

Weimin Wang for many helpful suggestions and comments.

Email: fortin.pierre@uqam.ca.

1 Defined as real gross domestic product (GDP) per capita. A

more sophisticated measure would be net national product

(NNP) per adult equivalent. This would exclude capital con-

sumption and net payments of investment income to for-

eigners, and would count people in terms of a consumption

equivalence scale. GDP is deflated by its own price index.

Thus, real GDP measures the volume of output. Deflation by

the price index for final domestic demand would, more

appropriately, reflect the purchasing power of nominal

income. 

2 An obvious extension would be to compare the two

Canadian provinces to neighbouring U.S. regions such as

the Northeastern and Midwestern states. Unfortunately,

U.S. regional data on hours worked are not available.

3 That Quebec’s productivity level is as high as Ontario’s

comes as a surprise. This results from taking provincial dif-

ferences in the aggregate price level into account, which

few studies care to do. Also surprising is the fact that the

estimated productivity level for Canada as a whole (90 per

cent of U.S. level) is higher than that for Central Canada

(88 per cent). This is largely due to the very high produc-

tivity level for the Province of Alberta (114 per cent of U.S.

level), where resource extraction is highly capital-intensive.

4 It is interesting to observe here that part-time work refers

to a less-than-35-hour work week according to the U.S.

Bureau of Labor Statistics, but to a less-than-30-hour work

week according to Statistics Canada.

5 This assumes the average employed European worked 1,609

hours in 2001, an estimate based on Bart van Ark (2002).

6 It is even more extensive in Europe. For recent assessments,

see Richard B. Freeman (2000) and Robert J. Gordon

(2002).

7 For an account and analysis of these events in Quebec, see

Pierre Fortin (1980).

8 Statistics Canada (2002) gives a child under 16 30 per cent

of the consumption weight of an adult.

9 In what follows, I refrain from decomposing the employ-

ment-to-working-age-population further into the product of

the employment-to-labour-force ratio (which is equal to

one minus the unemployment rate) and the labour-force-to-

working-age-population ratio (which is the labour force

participation rate). These concepts are too intermingled.

Labour force participation and unemployment are both very

sensitive to employment opportunities and various types of

policy intervention. For recent Canadian evidence, see

Pierre Fortin and Mario Fortin (1999).

10 The Quebec-Ontario unemployment rate differential aver-

aged 4 points between 1977 and 1990. It came down to 2.5

points in the early 1990s, and dropped below 2 points in

2002.

11 A more in-depth comparative analysis of contemporary

trends in Quebec’s standard of living can be found in Pierre

Fortin (2001). Changes in union behaviour have not been

the only factor in the recovery of Quebec employment. The

accelerated (belated) entry of women into the labour force,

and rising relative levels of schooling have also been

instrumental. Canada’s Atlantic provinces have shared in

these trends, and have also experienced a marked improve-

ment in their employment performance relative to Ontario

since the mid-1980s.
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It is well known that labour productivity

growth has increased significantly in the

United States since 1995. What is less wide-

ly recognized, however, is that a similar accelera-

tion has occurred in Canada since 1996 (Table 1).1

The acceleration in labour productivity growth

amounted to about 1 percentage point in the busi-

ness sector and 3/4 of a percentage point for the

total economy in both countries. In recent years,

although labour productivity growth remains

somewhat higher in the United States than in

Canada for the business sector, this is not the case

for the total economy where it averages 1.8 per

cent in both countries.  

As noted earlier, the much improved produc-

tivity performance of Canada since 1996 is large-

ly overlooked in the productivity literature. For

example, Sharpe (2002) in a review of recent pro-

ductivity developments in the United States and

Canada notes first that:

“The second half of the 1990s saw a marked

acceleration in labour productivity growth in

the United States, but not in Canada”(p. 3) 

and concludes: 

“While aggregate productivity growth in

Canada in 2001 did somewhat better than

might have been expected given the phase of

the business cycle, there is certainly no strong

evidence of an acceleration in productivity

growth such as the United States experienced

after 1995.” (p. 10).

To some extent this reflects the fact that the

productivity performance of Canada and other

countries is generally compared to that in the

United States using the breakpoint specific to

that latter country, which is 1995.2 We argue that

it is not appropriate to use the dating of the U.S.

productivity revival as an universal benchmark

for all countries. For example, labour productiv-

ity growth improved earlier in Australia than in

the United States. Concentrating on the pick-up

in labour productivity growth in the second half

of the 1990s tends to hide the remarkable pick-

up in Australian productivity growth before

1995.3 We advocate that each country should be

examined according to its own breakpoint. This

is why in this paper we look at the change in

labour productivity growth starting in 1995 in

the United States, but in 1996 in Canada.   

In the United States, there is a consensus

emerging from aggregate growth accounting

analyses that development in information and

communication technologies (ICT) was a key fac-

tor in their much improved productivity perform-

ance.4 According to these analyses, it appears

indisputable that a significant proportion of the
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acceleration in U.S. labour productivity growth

since 1996 can be explained by an increase in total

factor productivity (TFP) growth in the ICT sec-

tor, together with the associated ICT capital

boom in the rest of the U.S. economy. However,

there is not much evidence that TFP growth out-

side of the ICT sector has also contributed to the

U.S. productivity resurgence, particularly when

the more recent 1996-2001 period is examined

(Oliner and Sichel (2002)).

The first objective of this paper is to examine

within a standard growth accounting framework

the source of the acceleration in labour produc-

tivity growth in Canada since 1996 and deter-

mine if ICT played a role as prominent as in the

United States. The second objective is to assess

whether the recent improvement in Canada’s

productivity performance is structural or cyclical

by developing an estimate of trend labour pro-

ductivity growth. Building on the growth

accounting framework, we examine the sources

of trend labour productivity growth, paying par-

ticular attention to information and communica-

tion technology (ICT) capital. 

The rest of this paper is organized as follows.

Section 2 outlines the growth accounting frame-

work and how we used it to estimate trend labour

productivity growth. Section 3 discusses our

empirical results. Finally, section 4 presents the

conclusion.

The Analytical Framework 

In this paper, we use the standard neo-classi-

cal growth accounting framework pioneered by

Solow (1957) and used extensively in many stud-

ies to assess the source of the U.S. productivity

revival since 1995. The growth accounting

framework decomposes the growth in output

into the contributions from increases in labour,

capital and total factor productivity (TFP).

Alternatively, it decomposes the growth in

labour productivity into contributions from

increases in the amount of capital per unit of

labour — capital deepening — and TFP. More

specifically, the growth accounting stipulates

that:

(1)

where a dot over a variable represents the rate of

growth of that variable, Y denotes total-economy

output, N denotes hours worked, Ki denotes the

capital stock of asset i, α denotes the elasticity of

output with respect to hours worked and (1-α)βi

denotes the elasticity of output with respect to

asset capital stock i. The neo-classical growth

framework assumes that product and labour mar-

kets are competitive and that the underlying pro-

duction process exhibits constant returns to scale

with respect to labour and capital. As a result, the

output elasticity with respect to each of the pro-

duction factors equals the factors’ income shares

in total nominal output and sum to one. 

Five distinct types of capital are identified in

the analysis: the stocks of computers and office

equipment (C), software (S), telecommunication
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Table 1
Labour Productivity Growth*
Average annual per cent change

(1) (2) (3) (3)-(2)
1972-1988 1988-1996 1996-2001 Change

Canada
Business Sector 1.4 1.1 2.0 0.9
Total Economy 1.2 1.1 1.8 0.7

(1) (2) (3) (3)-(2)
1972-1988 1988-1995 1995-2001 Change

United States
Business Sector 1.6 1.4 2.4 1.0
Total Economy 1.3 1.1 1.8 0.7

* In all tables, labour productivity corresponds to total-economy real GDP per hour

worked. Real GDP growth is based on a Fisher-chained index from the National

Economic and Financial Accounts and hours worked are from the Labour Force Survey.  



equipment (T), other machinery and equipment

(ME) and non-residential construction (NRS).

Thus capital deepening in equation (1) is the sum

of the contributions from five types of capital that

can be aggregated in two large components: non-

residential construction and machinery and equip-

ment. Machinery and equipment in turn is the sum

of information and communication technology

(ICT) — computers, software and telecommunica-

tion — and other machinery and equipment. 

In the growth accounting framework, total

factor productivity growth is obtained residually

by subtracting income-share weighted input

growth from output growth. In that framework,

TFP growth is assumed to be exogenous to

aggregate demand shocks. However, it is well

known that estimated TFP growth tends to be

pro-cyclical. In order to estimate trend labour

productivity growth it is necessary to obtain a

measure of TFP growth that respects the theo-

retical prior of being exogenous to aggregate

demand shocks. To that end, the capital stocks,

K, used in this paper are adjusted for variable

capacity utilization rates.5 As shown by Paquet

and Robidoux (2001), estimated TFP growth is

exogenous to variables that are known to be the

sources of aggregate demand fluctuation, such as

monetary, fiscal and foreign conditions, when

capacity-adjusted capital stocks are used.

The next step consists of estimating trend

labour productivity growth. Using lower-case

letters to denote trend values, we obtain an equa-

tion that parallels the equation 1:6

(2)

The trend level of hours worked, n, corre-

sponds to the level of hours worked that is con-

sistent with estimated trend hours worked per

worker, the trend labour force participation rate

and the natural rate of unemployment. The

trend level of the capital stocks, ki, corresponds

to the capital stock unadjusted for capacity uti-

lization (i.e. a capacity utilization rate of one).

Trend TFP, tfp, is obtained by filtering the raw

TFP series with an Hodick-Prescott (HP) filter.7

Empirical Results

In this section we present the empirical results

obtained for Canada with the growth accounting

framework presented above. Labour productivity

growth corresponds to the rate of change in total-

economy output per hours worked over the 1971-

2001 period at annual frequency.8 Although the

main goal of our analysis is to estimate trend

labour productivity growth, it is instructive to

first use this framework to examine actual labour

productivity growth. Moreover, since most stud-

ies do not correct for variations in capacity uti-

lization, the growth accounting decomposition of

labour productivity growth is first performed

without capacity utilization rate adjustments for

comparison purposes.
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Table 2
Sources of Labour Productivity Growth in Canada
Without Capacity Utilization Rate Adjustment
Average annual rate of change

(1) (2) (3) (3)-(2)
1972-1988 1988-1996 1996-2001 Change

Productivity Growth 1.2 1.1 1.8 0.7
Contributions from:
Capital Deepening 1.0 0.9 0.7 -0.1

Machinery and 0.6 0.6 0.9 0.3
Equipment
ICT 0.3 0.4 0.6 0.2

Computer 0.2 0.2 0.3 0.2
Software 0.1 0.1 0.2 0.0
Communication 0.0 0.1 0.1 0.0

Other M&E 0.3 0.2 0.3 0.1
Non-residential 0.4 0.3 -0.1 -0.4
Construction 

Total Factor 0.2 0.2 1.0 0.8
Productivity

* Details may not sum to totals because of rounding.



Growth Accounting Without Capacity
Utilization Rate Adjustment

As noted above, from 1996 to 2001, total-

economy labour productivity grew at an average

annual rate of 1.8 per cent compared with an

average increase of only 1.1 from 1988 to 1996.

This improvement of 0.7 percentage point in

labour productivity growth is decomposed

between capital deepening and total factor pro-

ductivity growth in Table 2 assuming that capital

is always fully used — i.e. capital stocks are not

adjusted for variations in capacity utilization

rates. 

Increased M&E capital deepening explains a

bit less than half of the increase in labour pro-

ductivity growth. Computer capital deepening

accounts for two-third of the M&E capital deep-

ening, while software and telecommunication do

not contribute significantly. However, increased

M&E capital deepening is offset by reduced

structure capital deepening, leaving no role for

capital in aggregate in explaining the improve-

ment in labour productivity growth since 1996.

As a result, all of the improvement is explained

by an increase in total factor productivity

growth. Armstrong et al. (2002) find similar

results for the Canadian business sector by com-

paring 1995-2000 and 1988-1995 periods.9

Although we do not decompose TFP growth

between ICT and non-ICT sectors in this paper,

Muir and Robidoux (2001) show that the ICT-

producing sector has not contributed significant-

ly to the improvement in TFP growth observed

in Canada in the late 1990s. Overall, this sug-

gests that most of the improvement in TFP

growth experienced in Canada in the late 1990s

originated outside of the ICT sector.

These results for Canada contrast with those

obtained by most studies for the United States.

Table 3 compares our results with those obtained

by Oliner and Sichel (2002) for the U.S. non-

farm business sector.10 In the United States,

higher ICT capital deepening and higher TFP

growth in the ICT sector essentially explain all

the improvement since 1995. U.S. TFP growth
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Table 3
Comparison of Sources of Labour Productivity Growth in Canada 
and the United States, Without Capacity Utilization Rate Adjustment
Average annual rate of change

United States Canada
1990-1995 1995-2001 Change 1988-1996 1996-2001 Change

Productivity Growth 1.5 2.4 0.9 1.1 1.8 0.7
Contributions from:
Capital Deepening 0.5 1.2 0.7 0.9 0.7 -0.1

ICT 0.5 1.0 0.6 0.4 0.6 0.2
Computer 0.2 0.5 0.4 0.2 0.3 0.2
Software 0.2 0.4 0.1 0.1 0.2 0.0
Communication 0.1 0.1 0.1 0.1 0.1 0.0

Other Capital 0.1 0.2 0.1 0.5 0.1 -0.3
Total Factor Productivity 0.6 1.0 0.4 0.2 1.0 0.8

ICT 0.4 0.8 0.4 - - -
Other Sectors 0.2 0.2 0.1 - - -

Labour Quality 0.5 0.3 -0.2 - -

* Details may not sum to totals because of rounding.

Note: U.S. data from Oliner and Sichel (2002).



in other sectors taken together hardly shows any

improvement. To the contrary, as noted above,

higher TFP growth outside of the ICT sector

appears to be the source of the improvement in

Canada11 since 1996.12

Growth Accounting With Capacity
Utilization Rate Adjustment

Adjusting capital stocks for variations in their

utilization does not much affect the results for

the 1996-2001 period but decreases the contri-

bution from capital deepening and increases the

contribution from TFP growth for the 1988-

1996 period (Table 4). Excess supply and hence

under-utilization of capital on average over the

1988-1996 period leads to less capital deepening.

As a result, about forty per cent of the improve-

ment is now explained by capital deepening,

mainly M&E investment, and sixty per cent by

TFP growth. 

Trend Labour Productivity Growth

Our average estimates of trend labour pro-

ductivity growth for the same sub-periods are

presented in Table 5. They suggest that trend

labour productivity growth has increased to

about 2 per cent on average over the 1996-2001

period, up from an average of 1.1 per cent over

the 1988-1996 period. Although its contribution

is reduced at the expense of capital deepening,

TFP growth remains a key source of the increase

in labour productivity growth. TFP growth now

accounts for half of the increase in trend labour

productivity growth, while capital deepening

contributes to the other half.13 Excluding capital

structures that contributes negatively to the

change in labour productivity growth, M&E

capital deepening added 1/2 percentage points to

labour productivity growth from 1988-1996 to

1996-2001. With respect to the increase in M&E

capital deepening, ICT — mainly computer —

accounts for about sixty per cent and other M&E

equipment for about forty per cent. 
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Table 4
Sources of Labour Productivity Growth in Canada
With Capacity Utilization Rate Adjustment
Average annual rate of change

(1) (2) (3) (3)-(2)
1972-1988 1988-1996 1996-2001 Change

Productivity Growth 1.2 1.1 1.8 0.7
Contributions from:
Capital Deepening 1.2 0.6 0.8 0.3

Machinery and 0.7 0.5 0.9 0.4
Equipment
ICT 0.3 0.3 0.6 0.3

Computer 0.2 0.2 0.3 0.2
Software 0.1 0.1 0.2 0.1
Communication 0.0 0.0 0.1 0.0

Other M&E 0.3 0.1 0.3 0.2
Non-residential 0.5 0.1 -0.1 -0.1
Construction

Total Factor 0.0 0.5 0.9 0.4
Productivity

* Details may not sum to totals because of rounding.

Table 5
Sources of Trend Labour Productivity Growth in Canada
Average annual rate of change

(1) (2) (3) (3)-(2)
1972-1988 1988-1996 1996-2001 Change

Productivity Growth 1.1 1.1 1.9 0.8
Contributions from:
Capital Deepening 1.1 0.5 1.0 0.4

Machinery and 0.6 0.5 0.9 0.5
Equipment
ICT 0.3 0.3 0.6 0.3

Computer 0.2 0.2 0.4 0.2
Software 0.1 0.1 0.2 0.1
Communication 0.0 0.0 0.1 0.0

Other M&E 0.3 0.1 0.3 0.2
Non-residential 0.5 0.1 0.0 -0.1
Construction

Total Factor 0.0 0.5 0.9 0.4
Productivity

* Details may not sum to totals because of rounding.



As noted above, our estimates suggest that

trend labour productivity growth increased to

about 2 per cent in recent years. The two major

sources of trend labour productivity growth over

1996-2001 are M&E capital deepening and TFP

growth. Chart 1 shows the contribution to trend

labour productivity growth from M&E capital

deepening. If we exclude a spike in the early

1980s, capital deepening originating from

machinery and equipment has recently reached

levels never seen in the last three decades, con-

tributing about 1 percentage point to trend

labour productivity growth. Most of the M&E

capital deepening comes from ICT capital and

within ICT, computer investment is the most

important contributor, followed by software and

telecommunication. It is also interesting to note

that ICT capital deepening is to a large extent

acyclical, while, in contrast, other M&E capital

deepening is somewhat procyclical.14

The other major contributor of trend labour

productivity growth is trend TFP growth, which

is plotted in Chart 2 along with actual TFP

growth. As for M&E capital deepening, trend

TFP growth reached in recent years levels never

seen in the last three decades, contributing about

1 percentage point to trend labour productivity

growth. Trend TFP growth fell from elevated

levels during the 1970s, stalled during the 1980s

and resumed in the 1990s. As for ICT capital

deepening, capacity-adjusted raw TFP growth is

acyclical. In contrast, capacity-unadjusted raw

TFP growth, used in most growth accounting

studies, tends to be highly procyclical.15

Estimated trend labour productivity growth is

plotted in Chart 3 along with actual labour pro-

ductivity growth. Again, aside from a short-lived

spike in the early 1980s, trend labour productiv-

ity growth in recent years reached levels not seen

since the early 1970s. 

At 2 per cent, how does our estimate of trend

labour productivity growth compare to estimates

for the U.S. economy? Using the growth

accounting framework, Oliner and Sichel (2002)

concludes that trend labour productivity growth

in the U.S. non-farm business sector fall within

the range of 2 to 2.8 per cent. They also survey a

dozen other studies that arrive at a similar range

of estimates and the same average point estimate

of 2.4 percent.  Given that productivity growth

averages about 1/2 a percentage point higher in

the non-farm business sector than in the total
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Chart 1
Contribution of Capital Deepening to Trend Labour
Productivity in Canada, 1972-2001
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Chart 2
Total Factor Productivity Growth in Canada, 1969-2001
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economy in the U.S. in the 1990s, this suggests

that total-economy trend labour productivity

growth is also around 2 per cent in the United

States.   

Concluding Remarks

This paper argues that labour productivity

growth in Canada since 1996 increased as much

as in the United States, particularly when meas-

ures covering the whole economy are consid-

ered. Standard growth accounting suggests that a

marked improvement in TFP growth is the key

source of the resurgence in labour productivity

growth in Canada, contrasting with the United

States where the production and use of ICT have

been identified as key factors.

We also use a growth accounting framework

to develop an estimate of trend labour productiv-

ity growth for Canada. Our results suggest that

trend labour productivity growth has increased

steadily in the 1990s, reaching about 2 per cent

in recent years,16 in line with recent estimates for

the United States. The improvement in trend

labour productivity growth does not only reflect

higher TFP growth, but also increased capital

deepening in ICT and other M&E.17 Overall,

these results tend to confirm findings found ear-

lier in Muir and Robidoux (2001). 

There is surely a great deal of uncertainty

surrounding any estimate of trend productivity

growth. That said, our analysis provides empiri-

cal evidence that support a cautiously optimistic

view. It also lends support to the view that struc-

tural reforms and the adoption of sound mone-

tary and fiscal frameworks have provided the

necessary conditions for a transition towards a

more productive and innovative economy. 

Notes

* Benoît Robidoux is Director of Economic Studies and Policy

Analysis Division at Finance Canada. Bing-Sun Wong is

Model Development and Policy Analysis Coordinator in the

Economic Analysis and Forecasting Division at Finance

Canada. The authors thank Richard Landry from Investment

and Capital Stock Division, Statistics Canada for kindly pro-

viding data on ICT capital stocks and Andrew Sharpe for

comments. To some extent, this paper provides an update

to Muir and Robidoux (2001). However, the methodology is

different and information technology is defined more

broadly. The views expressed in this paper are our own and

should not be attributed to the Department of Finance. The

annexes to the paper are included in the unabridged version

posted at www.csls.ca under the International Productivity

Monitor. Email: Robidoux.Benoit@fin.gc.ca.

1 Unless otherwise noted, labour productivity refers to output

per hour, average rate of growth over sub-periods are sim-

ple average not compound, and when referring to average

labour productivity growth over a given period, the first

year refers to the base-year productivity level not growth. 

2 The difference of views does not reflect differences in peri-

od examined since Sharpe (2002) sample ends in 2001 as

ours, but may reflect data revisions. And to be fair, we need

to acknowledge that Sharpe and Gharani (2000) concluded

that “Canada will see a significant pick-up in productivity

growth (to at least the 2-2.5 per cent range for business

sector output per hour) over the next decade if not for two

decades.” (p.5).

3 See Parham (2002) for an analysis of Australian productiv-

ity performance. 

4 See Oliner and Sichel (2002), Jorgenson, Ho and Stiroh

(2002, 2003) for recent assessments.
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Chart 3
Labour Productivity Growth in Canada, 1969-2001

actual trend

-2

-1

0

1

2

3

4

5

1972 1975 1978 1981 1984 1987 1990 1993 1996 1999

per cent



5 In the Canadian context, Wilkins et. al., (1992) have pio-

neered this approach. 

6 This measurement of trend labour productivity growth is

inspired by the standard structural approach to the meas-

urement of potential output growth.

7 The Hodrick-Prescott (HP) filter is a two-sided linear filter

that allows users to set the degree of smoothness for the

trend series.  

8 More details on data definitions and construction as well as

on annual results are included in the annexes of the

unabridged version of the paper posted at www.csls.ca

under the International Productivity Monitor.

9 The exact comparison is provided in Annex 2 found in the

unabridged version of the paper. Aside from considering the

business sector instead of the total economy, one impor-

tant difference between our analysis and the study by

Armstrong et al. (2002) is the definition of the capital

input. While they use capital services, where each capital

asset received a weight proportional to its marginal prod-

uct — its user cost — we use capital wealth stocks. It is

well know that capital services is conceptually better than

capital stocks as measure of capital input in productivity

analysis (see Steindel and Stiroh (2001) for a non-techni-

cal discussion). Nevertheless, our findings for capital deep-

ening during the 1990s are almost identical to those

obtained by Armstrong et al. using capital services.  

10 Since labour quality is not taken into account in our analy-

sis, labour quality effect must be added to TFP growth in

the Oliner and Sichel (2002) results before comparing to

our TFP growth results. 

11 This striking difference between the two countries may, at

least to some extent, reflect differences in methodologies

and data definition. For example, Oliner and Sichel (2002)

use the non-farm business output, while we use total-econ-

omy output. See Armstrong et al. for a consistent compari-

son of the sources of output growth in the Canadian and

U.S. business sector. 

12 Over the 1995-2001 period, ICT capital deepening con-

tribute 1 percentage point to labour productivity growth in

the U.S. according to Oliner and Sichel (2002), but only

about 0.6 percentage point in Canada according to our

results (capacity unadjusted). The higher contribution in

the United States may reflect higher growth in ICT capital,

lower growth in hours worked or higher ICT capital income

share. Although this investigation is beyond the scope of

this paper, information included in Oliner and Sichel (2000,

2002) suggests that with respect to capital, differences

reside more in income shares than in growth rates.

13 The higher contribution from capital deepening over the

1996-2001 reflects mainly the lower rate of growth in trend

hours worked than in actual hours worked.

14 In our sample, the correlation between real GDP growth and

ICT capital deepening is -0.02, while the correlation

between real GDP growth and other M&E capital deepening

is 0.31.

15 In our sample, the correlation between real GDP growth and

capacity-adjusted raw TFP growth is -0.02, while the corre-

lation between real GDP growth and capacity-unadjusted

raw TFP growth is 0.81.

16 The solid labour productivity growth performance in 2002

suggests that the improving trend continued last year.

There is no doubt that the large reduction in business

investment during the last slowdown led to slower capital

deepening in 2002 and will probably continue to do so in

2003. At the same time, this suggests that TFP growth is

still on an upper trend.      

17 It is somewhat hazardous to compare the sources of trend

labour productivity growth between Canada and the United

States given differences in methodology and data and

hence one has to remain cautious in comparing estimates.

Nevertheless, keeping this mind, comparing our estimate of

trend labour productivity growth to steady-state estimates

by Oliner and Sichel (2002) suggests similar contributions

from capital deepening and TFP growth. However, within

these two broad aggregates, ICT (use and production)

appears to play a larger role in the United States than in

Canada. 
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The explosive growth of investment in

information and communication technolo-

gy (ICT) has been at the centre of the

“new economy” hype. While the slowdown in

GDP growth since 2000 has dampened invest-

ment in ICT in Europe and North America

alike, the contribution of ICT investment to eco-

nomic performance should not be assessed solely

on the basis of a cyclical slowdown in invest-

ment. In fact, recent analysis suggests that the

structural forces of the late 1990s are still in

place, despite the slowdown in growth on both

sides of the Atlantic.1

However, when looking back at the 1990s, one

finds evidence of a divide between North America

and Europe. While productivity growth accelerat-

ed in both Canada and the United States, growth

in most European countries slowed down during

the second half of the 1990s. The average annual

growth rate of labour productivity, measured as

gross domestic product per person employed, in

Canada accelerated from 1.3 per cent in 1990-

1995 to 1.8 per cent in 1995-2000 and in the

United States from 1.1 to 2.5 per cent. In contrast,

productivity growth in the European Union fell

from 1.9 per cent in 1990-1995 to 1.4 per cent in

1995-2000 (See Table 1).2

The acceleration of productivity growth in

the United States has been widely attributed to

the rapid increase in investment in information

and communication technology (OECD, 2001).

Some have stressed that this growth acceleration

is to a large extent due to improved productivity

growth in the ICT-producing sector (Jorgenson,

2001). Others have demonstrated an increasing-

ly productive use of ICT goods and services else-

where in the economy (Baily, 2002; Oliner and

Sichel, 2002).

While the impact of ICT on U.S. growth has

been studied most extensively, more growth

accounting studies on Canada and the European

Union have begun to appear as well.3 The main

message from these studies is that in almost all

countries ICT is making an increasing contribu-

tion to productivity growth when comparing the

second half of the 1990s to the first half. However,

the contribution of ICT is much larger in the

United States than in most other countries. So a

mixed picture emerges about growth in Canada

when looking at the aggregate level. On the one

hand, labour productivity growth accelerated dur-

ing the 1990s, but ICT investment seems to have

played a much less important role in explaining

this acceleration than in the United States. 

The Contribution of ICT-Producing
and ICT-Using Industries to

Productivity Growth: A Comparison of
Canada, Europe and the United States

Bart van Ark
University of Groningen and The Conference Board

Robert Inklaar
University of Groningen
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To better understand what is causing these dif-

ferences it is necessary to look beyond the aggre-

gate picture and study growth at the industry

level. Because we lack data for ICT investment at

the industry level for many countries, our focus

here is on labour productivity rather than total

factor productivity. Moreover, our estimates are

for value added per person employed rather than

value added per hour worked.

In the next sections we describe our database

on labour productivity growth at the industry

level and introduce a distinction between indus-

tries that produce ICT, those that intensively use

ICT and those that do not use ICT very inten-

sively (the “non-ICT” industries). In section

three we look at labour productivity growth in

several industry groups and at their contribution

to aggregate productivity growth. We end with

some concluding remarks.

Data and Sources

For the analysis of productivity and employ-

ment growth in Europe and the United States,

we have developed a database which contains

information on value added and employment in

16 OECD countries for 51 industries between

1990 and 2000.4 The point of departure in this

database is the new OECD STAN Database on

national accounts. The STAN Database contains

information on the most important national

accounts variables from 1970 onwards on a com-

mon industrial classification.5 The level of detail

must be very disaggregated to adequately distin-

guish between ICT-producing and ICT-using

industries. Hence for the level of detail used in

this paper, only data for the period from 1990

onwards are available so far. In addition, STAN

was supplemented with industry detail from

national production surveys and services statis-

tics covering production industries, distribution

and services. In general, the method employed

was to use STAN aggregates as control totals and

the additional data to divide these totals over the

more detailed industries.

Three major groups of industries are distin-

guished: ICT-producing industries, ICT-using

industries (which excludes ICT-producing

industries) and “non-ICT” industries (which

represent industries that use ICT less intensive-

ly). The first group of ICT-producing industries,

including producers of IT hardware, communi-

cation equipment, telecommunications and com-

puter services (including software), was distin-

guished based on an OECD classification (see

for example OECD, 2002). The second and third

groups are distinguished in terms of their inten-

sity of use of ICT. This is a less straightforward

undertaking since nearly every part of the econ-

omy uses some ICT. As a measure of ICT inten-

sity, we rely on the share of ICT capital in total

capital services in the United States from Stiroh

(2002). Using these data, the top half of indus-

tries is classified as ICT-using and the bottom

half as non-ICT.6

There are two reasons for applying the classi-

fication based on ICT investment intensity in the

United States to all countries. The first relates to

the very limited availability of data on ICT invest-

ment by industry outside the United States.7

Secondly, given the leading role of the United

States, it is reasonable to assume that the distribu-

tion of ICT use in that country presents a set of

technological opportunities, which may or may

not have been taken up in other countries. We

also make a distinction between manufacturing

and services industries within each industry.

Before moving on, two important measure-

ment problems need to be addressed: the method

of aggregation and the deflation of ICT goods

output. At present, many countries still use fixed-

weight (Laspeyres) indices to calculate aggregate

value added at constant prices. This can lead to

serious substitution bias if the structure of the

economy is changing rapidly over time. To correct
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for this problem, we calculate chain-weighted

indices for all aggregated real output series to

ensure consistency across countries. This means

that our estimates for GDP will generally not

conform to those from national statistical offices. 

Another problem is the deflation of ICT

goods. It is well known that the capabilities of

semiconductors and computers have improved

tremendously over the past few decades. Since

consumers can buy computers with vastly more

computing power at comparable prices, the real

price of computing power has declined continu-

ously. However, traditional methods of sampling

and quality adjustment in calculating price indices

for these goods will almost certainly lead to an

underestimation in the rate of the output price

decline. There are currently only a few countries,

such as the United States, Canada and France that

have an adequate system in place for measuring

prices of computers and semiconductors. This

means that measured productivity growth in ICT-

producing industries in all other countries is like-

ly to be much slower. We avoid this downward

bias by applying a harmonisation procedure,

which consists of applying the U.S. deflators for

each of the ICT-producing manufacturing indus-

tries to all other countries after making a correc-

tion for the general inflation level.8 Although this

influences the productivity growth rates in the

ICT-producing industries, we show that it does

not have a large effect on the aggregate growth

figures due to the relatively small weight of this

sector in the total economy. 

Productivity Growth at the Industry Level

In Table 1 we show labour productivity

growth for a number of major industry groups in

Canada, the European Union and the United

States over the period 1990-95 and 1995-2000.9

The aggregate picture hides a wide variety of

growth patterns at the industry level. The first

pattern that stands out is that productivity

growth in ICT-producing industries is much

higher than in nearly all other industry groups.

This is largely due to the extremely high growth

rates in ICT-producing manufacturing indus-

tries. Although this is partly due to the fact that

U.S. price deflators are used to deflate output in

these industries, the pro-memoria lines in Table

1 show that this picture holds even when using

deflators from each country’s own national

accounts. The rapid productivity growth in ICT-

producing manufacturing can be further traced

to growth in the computer and semiconductor

industries, with comparatively much slower

growth in the rest of the ICT-producing manu-

facturing industries (see Appendix Table 1). 

The difference between the United States, on

the one hand, and both Canada and the EU on the

other, becomes especially clear when looking at

the contributions of the ICT-producing industries

to aggregate productivity growth.10 This contribu-

tion has been much higher in the United States

during both halves of the 1990s. Once again, this is

mainly the case in the ICT-producing manufactur-

ing industries, which contributed nearly 0.7 per

cent to U.S. labor productivity growth between

1995 and 2000 but only between 0.2 and 0.3 in the

EU and Canada. In ICT-producing services,

which include telecommunication and computer

services, the differences are much smaller and here

the United States even lags behind.

The ICT-producing industries make up only

a relatively small part of the economy. For a

complete picture of the growth differences we

need to look at the ICT-using and non-ICT

industries as well. Table 1 shows that most of the

aggregate acceleration in U.S. productivity

growth can be traced to the ICT-using services

industries. Productivity growth in these indus-

tries accelerated from 1.9 per cent per year

between 1990 and 1995 to 5.4 per cent in the last

half of the 1990s. The contribution to aggregate

labour productivity growth in the United States
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rose by a full percentage point. The European

Union did not experience such a large improve-

ment in productivity growth in ICT-using serv-

ices with only a 0.3 percentage point acceleration

in growth. Canada occupies an intermediate

position. Productivity growth in ICT-using serv-

ices accelerated from 2.1 to 3.2 per cent but less

so than in the United States. The contribution of

ICT-using services in Canada increased from

0.45 out of 1.3 percent productivity growth from

1990-1995 to 0.69 out of 1.9 percent productivi-

ty growth between 1995 and 2000.

Differences in productivity growth rates

between countries are much smaller in the non-

ICT industries throughout the 1990s.

Productivity growth in this industry group is

slower than in ICT-producing and ICT-using

industries. It even decelerated somewhat in

Canada, although by not as much as in Europe.

Productivity growth in non-ICT manufacturing

industries decelerated in tandem in Canada and

Europe, but growth in non-ICT services

remained constant in Canada while decelerating

in Europe. 

Still, ICT-using services are responsible for

more than half of the acceleration in productivi-

ty growth in both Canada and the United States.

The difference in productivity growth between

Canada and the United States in 1995-2000 can

be almost entirely explained by the higher con-

tribution of this sector in the United States. In

Chart 1 we display the contribution of the indi-

vidual ICT-using services industries to aggregate

productivity growth between 1995 and 2000.11

This Chart shows which U.S. industries have

taken the lead, namely wholesale, retail trade and

securities industries. The contribution of whole-

sale trade in Canada is comparable to that in the

United States, and Canada showed higher

growth contributions in banking, renting of

machinery and research and development.

However, the overall gap with the United States

is due to smaller contributions from retail trade

and professional services. Still the gap between

Canada and the United States is much less pro-

nounced than between Europe and the United

States, in the contribution of both ICT-produc-

ing manufacturing and of ICT-using services.
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Chart 1
Contributions to Aggregate Productivity Growth in the ICT-using Services
Industries, 1995-2000
(average annual percentage points)
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Concluding Remarks

The growth experience of Canada is some-

where in between that of Europe and the United

States. While labour productivity growth accel-

erated during the second half of the decade, it

remained slower in Canada than in the United

States. This was partly due to a smaller contribu-

tion to productivity growth of the ICT-produc-

ing manufacturing industries, but, more impor-

tantly, to slower productivity growth in ICT-

using services industries. Still productivity

growth was clearly faster in Canada than in

Europe, most noticeably in ICT-using services.

This raises the important question of why

Canada was able to improve its growth perform-

ance in key ICT-using industries such as whole-

sale trade, but failed to do the same in others

such as retail trade. Part of the answer may be

related to less ICT investment in these indus-

tries, but this can only be assessed on the basis of

detailed analysis of ICT investment shares by

share. Another possibility is that the organiza-

tional innovations that accompany ICT invest-

ments have been insufficient.12

Still the results presented in this paper sug-

gest that Canada has been taking greater advan-

tage of the possibilities offered by ICT to

improve efficiency in many industries than

Europe has. Although productivity growth has

not accelerated to the same extent as in the

United States, Canada clearly leaves Europe

behind. Part of the explanation for this ‘interme-

diate’ position may lie in the regulatory environ-

ment. According to the OECD Regulation

Database, Canadian product and labour market

regulations are more strict than in the United

States, but less restrictive than in the European

Union. However, the underlying causes of the

differences in productivity growth are likely to

be complex.

Notes

* Bart van Ark is professor of economics at the University of

Groningen and consulting director international economic

research at The Conference Board. Robert Inklaar is research

associate at the University of Groningen. Robert H.

McGuckin is director economic research at The Conference

Board. This article is based on a study by van Ark et al.

(2002a). Data for Canada have been subsequently revised

and updated to 2000. Email: h.h.van.Ark@eco.rug.nl.

1 See McGuckin and van Ark (2003). In 2001 growth of GDP

per hour worked in the United States fell to 0.4 per cent

followed by a strong recovery in 2002 at 2.8 percent. In the

EU, productivity growth remained relatively high at 1.3 per

cent in 2001, but it slowed to 0.5 per cent in 2002. These

differences are largely related to a different timing in the

economic downturn since 2000.

2 These estimates are somewhat different from those pub-

lished in 2002 by McGuckin and van Ark (2002) and van Ark

(2002). It should be stressed, however, that the earlier

estimates which show a slowdown in labour productivity

growth in Canada, are based GDP per hour worked rather

than GDP per person employed. In this paper we do not

report estimates based on hours, as these are missing at

industry level for many of the European countries. Even so,

the present estimates of GDP per person employed in

Canada show faster growth compared to the earlier esti-

mates. This is mainly due to a revision of the Canadian GDP

growth rates which are now based on the recently complet-

ed benchmark real output estimates for the 1997 Input-

Output table.

3 For a growth accounting exercise for the European Union

see van Ark et al. (2002b). For Canada, see Harchaoui et al.

(2002), Khan and Santos (2002) and Colecchia and Schreyer

(2002).

4 The underlying data material and further analysis are

described in more detail in van Ark et al. (2002a). 

5 The STAN Database uses the international classification ISIC

revision 3. This classification is very similar to the one

European countries use. For the United States, on the other

hand, much effort has to be put into reconciling differences

in industrial classification, see Appendix B of van Ark et al.

(2002a).

6 The exceptions are the education and health sectors which

rank fairly high in terms of their ICT capital share, but near

the bottom on alternative measures such as ICT capital per

worker or per unit of output. Results are qualitatively sim-

ilar if these industries were included as ICT-using, however. 

7 See van Ark et al. (2002b) for discussion of the difficulties

in acquiring ICT investment even for the aggregate

European economies.

8 See van Ark et al. (2002a) for details on this method and

Triplett (1996) for the importance of double deflation in

the computer and semiconductor industries.
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9 In Table 1, productivity is defined as GDP per person

employed. If we were to look at GDP per hour worked,

aggregate productivity growth in Canada would be slower

between 1995 and 2000 but the overall industry pattern is

similar.

10 For this purpose we have employed a shift-share analysis

which decomposes aggregate productivity growth into the

contributions of industries by weighing an industry’s pro-

ductivity growth by its employment share. The effect on

aggregate productivity growth of reallocations of employ-

ment between industries is reported separately in Table 1 as

the “shift-effect”. See van Ark et al. (2002a) for more

details.

11 See Appendix Table 1 for the productivity growth rates of

these industries. The sum of the contributions from Chart 1

does not add up to the growth rates in Table 1 because the

contributions in Chart 1 include the shift-effect (see foot-

note 10).

12 See, for example, Brynjolfsson and Hitt (2000) for a review

of the link between ICT and organizational innovations in

the United States.
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Appendix Table 1
Growth in Value Added Per Person Employed and Value Added Shares in Canada, 
the European Union and the United States, by Industry (average annual rate of change)

ISIC Productivity growth Value added share
rev 3 1990-1995 1995-2000 2000

Canada EU U.S. Canada EU U.S. Canada EU U.S.

Total Economy 1.3 1.9 1.1 1.8 1.4 2.5 100.0 100.0 100.0
ICT-Producing Industries 1.6 6.7 8.1 7.1 8.7 10.1 6.4 5.9 7.3

ICT-Producing Manufacturing 10.5 11.1 15.1 21.8 13.8 23.7 1.6 1.6 2.6
Computers 30 22.8 33.2 28.6 64.1 49.3 52.3 0.1 0.2 0.4
Fiber optics 31.3 2.5 6.9 5.6 -1.8 2.9 5.7 0.1 0.1 0.2
Semiconductors 32.1 35.5 37.7 36.8 64.7 56.4 52.1 0.3 0.2 0.8
Communication eq. 32.2 7.5 5.0 6.6 6.8 3.5 -0.4 0.7 0.4 0.6
Radio and TV eq. 32.3 4.5 -2.6 -4.6 1.4 -13.9 -12.5 0.0 0.1 0.1
Instruments 33.1 2.0 -2.6 -4.5 3.9 -7.2 -5.9 0.4 0.5 0.6
ICT-Producing Services -0.4 4.4 3.1 3.3 6.5 1.8 4.8 4.3 4.7
Telecommunications 64 2.1 5.7 3.3 6.7 9.9 6.5 2.9 2.5 2.5
Computer services 72 0.1 1.5 2.7 3.3 1.5 -4.5 1.9 1.8 2.1

ICT-Using Industries 2.0 1.7 1.5 3.2 1.6 4.7 27.1 27.0 30.6
ICT-Using Manufacturing 1.6 3.1 -0.3 3.1 2.1 1.2 5.1 5.9 4.3

Apparel 18 4.2 5.2 3.4 -0.7 2.9 3.8 0.3 0.4 0.2
Printing & Publishing 22 -6.2 1.9 -2.6 10.2 2.5 -0.2 1.6 1.3 1.1
Machinery 29 5.2 4.2 0.9 -0.2 1.0 0.3 1.2 2.0 1.4
Electrical machinery 31-31.3 6.6 2.2 0.5 0.5 2.3 -0.7 0.3 0.8 0.2
Watches & instruments 33-33.1 7.5 2.1 5.1 14.2 0.1 0.1
Ships 351 8.0 4.1 -3.8 -8.0 0.4 -0.2 0.0 0.1 0.1
Aircraft 353 -0.9 0.5 -1.0 3.8 6.4 1.1 0.6 0.3 0.5
Railroad and other 352+359 9.4 5.9 -2.0 -4.7 3.1 -0.1 0.2 0.1 0.1
Misc. manufacturing 36-37 3.1 1.1 1.3 2.1 1.5 2.4 0.8 0.8 0.6

ICT-Using Services 2.1 1.1 1.9 3.2 1.4 5.4 22.0 21.1 26.3
Wholesale trade 51 2.7 2.9 3.4 4.6 1.2 6.1 6.0 4.7 5.8
Retail trade 52 1.6 1.1 2.3 2.1 1.4 6.9 5.3 4.8 6.3
Banks 65 3.8 0.4 1.3 4.2 3.0 2.8 5.4 3.6 4.5
Insurance 66 1.9 0.2 3.0 1.6 0.2 -1.0 1.6 0.9 1.6
Securities trade 67 1.1 3.2 2.0 15.3 0.7 2.2
Renting of machinery 71 -1.4 2.4 6.7 3.9 0.5 5.7 0.8 1.1 0.7
R&D 73 0.1 -0.2 1.0 3.3 -0.5 3.1 1.8 0.5 0.5
Professional services 74.1-74.3 -0.7 -0.4 -0.7 1.4 0.4 1.0 1.2 4.7 4.7

Non-ICT Industries 1.0 1.6 0.2 0.8 0.7 0.5 66.5 67.1 62.1
Non-ICT Manufacturing 3.4 3.8 3.0 0.7 1.5 1.4 13.0 11.9 9.3

Food & beverages 15-16 2.2 2.9 3.5 -1.0 0.0 -4.5 2.2 2.3 1.4
Textiles 17 2.4 3.5 3.0 0.9 1.4 3.3 0.3 0.5 0.3
Leather 19 1.1 3.3 4.9 -7.2 0.7 1.3 0.0 0.2 0.0
Wood 20 -1.2 2.5 -2.8 2.3 2.7 0.3 1.1 0.4 0.5
Paper 21 4.3 3.5 0.0 -2.1 2.3 0.2 1.4 0.6 0.6
Petroleum & coal 23 4.3 9.6 5.0 -1.5 0.2 1.5 0.3 0.3 0.4
Chemicals 24 4.9 6.8 3.4 0.4 4.7 4.4 1.4 2.0 2.0
Rubber & plastics 25 5.6 3.2 4.6 1.6 1.6 4.1 0.9 0.9 0.6
Stone, clay & glass 26 0.5 2.5 2.8 3.7 1.4 2.6 0.4 0.9 0.5
Basic metals 27 4.7 6.9 3.9 3.1 0.9 3.1 1.1 0.7 0.5
Fabricated metals 28 2.0 2.2 3.2 2.2 0.9 0.6 1.2 1.7 1.1
Motor vehicles 34 5.4 3.2 4.9 2.8 0.9 1.4 2.7 1.4 1.3

Non-ICT Services 0.4 0.6 -0.4 0.4 0.2 0.4 38.9 44.7 43.0
Repairs 50 -0.1 -1.4 1.0 -2.5 1.9 1.1
Hotels & restaurants 55 -1.3 -1.8 -1.1 0.2 -1.2 0.4 2.4 3.1 2.5
Transportation 60-63 1.8 3.2 2.1 2.2 1.7 1.6 4.2 4.8 3.2
Real estate 70 1.0 -0.7 1.6 0.1 -0.8 1.7 11.4 10.2 10.2
Other business services 74.9 -0.7 -1.1 -1.0 1.4 -0.3 1.4 1.6 3.1 3.4
Government 75 1.2 1.4 0.0 0.6 1.1 0.2 5.5 6.3 12.5
Education 80 -0.6 0.9 -0.2 -1.0 -0.1 -1.2 4.8 4.9 0.8
Health 85 -1.3 0.8 -2.2 -0.1 0.4 -0.3 6.0 6.1 6.5
Personal & social serv. 90-93 -1.1 -0.2 0.3 0.9 -0.5 -0.9 3.0 4.1 2.8
Private households 95 -0.4 2.2 0.0 0.7 0.3 0.1
Extraterritorial organizations 99

Non-ICT Other 1.3 2.7 0.7 1.8 1.9 0.6 14.6 10.5 9.8
Agriculture 01-05 0.7 5.2 -1.0 0.4 4.0 6.3 2.4 2.2 1.6
Mining 10-14 3.9 7.5 5.4 1.9 3.5 -1.8 4.0 1.1 1.2
Utilities 40-41 0.7 4.5 2.5 2.5 4.9 2.3 3.0 2.0 2.1
Construction 45 -1.4 0.4 0.5 2.1 0.2 0.2 5.3 5.2 4.9

Source: Based on van Ark et al. (2002a).
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As productivity has become an ever more

important policy issue in developed coun-

tries, a demand has arisen for detailed

cross-country comparisons — but the required data

are often difficult to obtain. Even in the simple case

of labour productivity, a measure of the volume of

output (usually real GDP) and of the labour input

(say employed persons) are required for each coun-

try to be compared, as well as purchasing power

parities (PPPs) so that the output measures can be

expressed in common currency units. A more

informative measure of labour productivity is out-

put per hour, which additionally requires data on

hours of work, not as easily available as employ-

ment data. Total factor productivity (TFP, also

called multi-factor productivity) further requires

data on all other factors of production as well as the

share of these factors in total output. These data

requirements are exacerbated when making com-

parisons at a more disaggregated level than the

total economy, such as by industry.

Since finding data for suitable time periods and

countries is an onerous task for many researchers

and policy makers interested in productivity com-

parisons, this article is meant to acquaint

researchers with data bases that have already been

produced with these issues in mind. After a brief

word on data comparability, this article discusses

several sources of internationally comparable pro-

ductivity data, many of which are available free of

charge on the world wide web.

Data Comparability and PPPs1

Considerable effort has been expended in the

past several years in creating standards and com-

mon definitions for collecting data that are har-

monized across countries. The System of

National Accounts (SNA), for example, sets stan-

dards for the collection and reporting of national

income/output data. The SNA was developed by

international organizations including the United

Nations and the Organization for Economic

Cooperation and Development (OECD) and is

adhered to by these organizations as well as

national statistical agencies, although not all

countries have updated their national accounts to

the most recent revision of the SNA. 

The International Labour Organization

(ILO) publishes guidelines for the collection of

labour force statistics. For analysis at the indus-

try level, the International Standard Industrial

Classification of All Economic Activities (ISIC)

has been developed. There has been less work

done in harmonizing capital stock data due to,
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for example, different depreciation rates and

methods across national statistical agencies.

Even with these standards in place, however,

there is still the possibility of definitional differ-

ences across countries. Hours actually worked,

for example, may not be exactly comparable

across some countries if it is not possible to

strictly meet the ILO guidelines for the treat-

ment of vacation time or part-time coverage of

the labour force. There may also be discrepan-

cies in output data due to lags in the implemen-

tation of recent standards in the treatment of

software and the underground economy. 

It is important to realize, when considering

the data sources presented below, that these

comparability issues may be dealt with different-

ly by different sources, and consequently that a

comparison based on any one data source is not

necessarily an “absolute truth.” This is of course

an issue with most real-world data, but is com-

pounded even in the simplest international pro-

ductivity comparisons due to the breadth of data

necessary and the diversity of countries.

Even when data collection standards are strict-

ly met across countries, it is necessary to convert

output data to a common currency before mean-

ingful comparisons can be made. Purchasing

power parities (PPPs) are ratios that equate the

price of a basket of goods across countries, and are

hence the rate at which the currency of one coun-

try must be exchanged for the currency of another

to leave the cost of an identical set of goods the

same in each country. They are superior to market

exchange rates in converting income and related

variables to a common currency because they indi-

cate, for example, the value in U.S. dollars of what

one Canadian dollar can buy in Canada rather than

just the number of U.S. dollars it can buy.

However, the calculation of PPPs requires detailed

price data, making estimates for long time periods

and some countries unavailable or less reliable

than estimates for recent years and countries that

collect more comprehensive price data.

There are two basic methodologies for con-

verting national currency-denominated statistics

into a common currency using PPPs. The first is

to convert a nominal (not adjusted for price

changes) series, that is, the nominal value in each

year is converted using the PPP for that year.

The second methodology involves converting a

constant price series, that is the real value in each

year is converted using the PPP for the base year

of the constant price series. 

A strength of the first methodology is that

current dollar series capture shifts in the shares

of expenditure components. A disadvantage is

that the converted series is in current price com-

mon currency units, making it impossible to cal-

culate growth rates in real terms. There are two

solutions to this problem. One can avoid use of

the current price common currency series for

growth comparisons, relying instead on constant

price national currency series for this purpose.

Alternatively, one can convert the series in cur-

rent price common currency units to a real series

using the appropriate deflator from the common

currency country. For example, PPPs would be

used to convert Canadian GDP in current

Canadian dollars to current U.S. dollars, and the

U.S. GDP deflator would then be applied to

convert the series to constant U.S. dollars. It

should be noted that growth rates calculated

from the converted constant price common cur-

rency series will likely not correspond to growth

rates of the official constant price national cur-

rency series.

The second methodology is to convert a con-

stant price national currency output series to a

real common currency series by applying the

PPP in the base year of the constant price series

to the values in all years. The converted series

retains the same growth rates as the series in

national currency units, with the added benefit

that only one PPP estimate is necessary. A disad-

vantage of this methodology is that base year

expenditure shares are applied to all years in the
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series, ignoring shifts over time in expenditure

patterns. This can be particularly problematic

for very long periods. Given the advantages and

disadvantages of each method, there is no pro-

fessional consensus on which should be pre-

ferred.

This discussion raises an important distinc-

tion between comparisons of productivity levels

and comparisons of productivity growth rates.

By comparing productivity growth rates only it is

possible to avoid some comparability problems

and the need to convert to a common currency.

But when commentators refer to an exceptional

or poor productivity performance relative to

another country they would generally like to

frame the argument in terms of both levels and

growth rates.

Data Sources2

The Organization for Economic
Cooperation and Development (OECD)

The natural starting point for internationally

comparable data for most developed countries is

the OECD, which is actively involved in collect-

ing and producing several types of data, some of

which are available free of charge on their website

(www.oecd.org). The OECD regularly updates

two productivity series, one for the business sector

and one for the total economy. Growth rates for

the business sector series are published twice

annually, in June and December, in the statistical

annex of the OECD Economic Outlook. The

December 2002 edition of the Outlook contains

data for 1985 through 2001 with projections for

2002 through 2004 and averages for 1975-1985

for all OECD countries and selected groups of

OECD countries. Access to the statistical annex

tables in spreadsheet form is available by selecting

“Economics” from the left menu at www.oecd.org

and from there following the “Economic

Outlook” link. The underlying data as well as data

for the total economy are found in the Economic

Outlook data base, access to which is available

through SourceOECD, the OECD’s online dis-

semination service.3

It is also possible to construct productivity sta-

tistics from OECD data on inputs and outputs, or

to use productivity statistics developed for the

numerous OECD working papers on growth and

productivity, many of which contain detailed data

appendices. By choosing the “Growth” link from

the left menu at www.oecd.org, several new work-

ing papers related to economic growth can be

directly accessed as well as information on and

data from the Firm Level Data Project. To restrict

attention to papers dealing specifically with pro-

ductivity, the “Economic Growth and

Productivity” link on the left menu can be fol-

lowed, or to access all the papers from the OECD

Growth Project, follow the “Working Papers on

Growth” link on the right. Scarpetta et al. (2000)

contains extensive appendices with both labour

productivity levels and growth rates, as well as

TFP estimates and estimates by industry in some

cases, OECD (2003), and is the final report of the

Growth Project and contains summary data.4

The OECD also provides access to several

sources of data that can be used to construct pro-

ductivity estimates that can be compared across

countries. Output and employment data are

found along with PPPs in the National Accounts

quarterly and annual data bases. A large portion

of these data bases are available free online, first

by choosing “Statistics Portal” from the menu on

the left at www.oecd.org, then by choosing

“National Accounts” on the right. Annual data

are available from 1970-2001 and quarterly data

generally from the first quarter of 1980 to the

fourth quarter of 2002. A broader selection of

variables than that available for free, including

some data on capital, is available from the publi-

cation National Accounts of OECD Countries.

Annual data are published in two volumes each
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year, the first showing main aggregates and the

second showing tables with more detailed statis-

tics. The quarterly publication contains data for

the past 14 years, to the most recent quarter

available. The same data are also available on the

Quarterly National Accounts CD-ROM, and the

OECD’s online dissemination service

SourceOECD, for all years in the OECD data-

base, with data for some countries available as far

back as 1955.5

More detailed employment statistics are

available quarterly and annually from the Labour

Force Statistics publications and CD-ROMs, and

again via SourceOECD, but can also be accessed

directly from the Labour Market Statistics

Database. This is available by following the

“Statistics” link at the top of the OECD home-

page (www.oecd.org), and from there the

“Statistics Portal” link on the left-side menu.6

Users can query the data base for labour force

statistics by age, gender, educational attainment,

class of worker, and so on. Also available from

this data base are the OECD estimates of average

actual annual hours of work per person

employed, which are published for selected years

in the annual OECD Employment Outlook.

Data for TFP and industry level productivity

calculations are also available from the OECD.

The Structural Analysis (STAN) data base con-

tains data on employment, hours of work, out-

put, intermediate inputs, capital stock and wages

by industry, where the industry breakdown is

consistent across countries. The STAN data base

also includes data on value added so that produc-

tivity statistics calculated from this data can be

used to measure the contributions of individual

industries to aggregate productivity growth. The

National Accounts also contain some data by

industry, but the breakdown is less detailed. For

the most part these statistics are not available for

free access, although some sample data from

STAN are available by choosing “Statistics

Portal” at the left of www.oecd.org, then choos-

ing “Industry and Services” from the menu at the

right, and following the “Industrial Performance

Statistics” link from there.

The United States Bureau of Labor
Statistics (BLS)

The BLS’s Foreign Labor Statistics program

produces internationally comparable data in sev-

eral categories, namely hourly compensation in

manufacturing, labour force statistics, produc-

tion and unit labour costs in manufacturing, and

GDP per capita and per employed person. The

Foreign Labor Statistics program also collects

and makes available consumer price index infor-

mation for 16 countries. All data are available

free of charge at www.bls.gov/fls.

Labour force statistics are updated twice annu-

ally, in the spring and fall, and are currently avail-

able from 1959 to 2001 for the United States,

Canada, Australia, Japan, France, Germany, Italy,

the Netherlands, Sweden and the United

Kingdom. Besides estimates of the labour force,

employment and working age population (adjust-

ed to those aged 16 and over as far as possible),

estimates of unemployment rates are also provid-

ed and are updated monthly, with quarterly unem-

ployment estimates available from 1995 onwards.

Internationally comparable output data are

available, along with employment and popula-

tion data, for these same ten countries (except

Australia) plus Korea, Austria, Denmark,

Belgium and Norway. This data set is available

for 1960-1998, but has not been updated since

March 2000. The nominal domestic currency

GDP series is converted to common currency

with a PPP estimate in every year (PPP estimates

between benchmark years are extrapolated based

on movements of each country’s GDP deflator

relative to the U.S. GDP deflator) and the out-

put series are then converted to 1998 U.S. dol-

lars with the U.S. GDP deflator. Growth rates
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calculated from these series do not match growth

rates calculated from official GDP estimates pro-

duced by these countries’ statistical agencies. 

Productivity and cost data for manufacturing

are presented in index form for fourteen coun-

tries from 1950 to 2001. The strength of the

index form is that conversion to a common cur-

rency becomes unnecessary and differences in

definitions of hours worked do not affect growth

rates if the definitions do not change over time.

The obvious weakness is that only growth rates

of productivity can be compared, not levels.

Groningen Growth and Development
Centre (GGDC) and the Conference Board

The Groningen Growth and Development

Centre at the University of Groningen in the

Netherlands, with sponsorship from the U.S.

Conference Board, maintains three separate data

bases for international productivity comparisons,

at the total economy level, by ten broad sectors of

the economy, and at the detailed manufacturing

level. The total economy data base is based pri-

marily on the work of Angus Maddison,7 and con-

tains estimates of GDP, population, employment,

average annual working hours, GDP per capita,

GDP per person employed, and GDP per hour.

All GDP series are available in 1990 U.S. dollars,

based on 1990 PPPs calculated by Angus

Maddison, and many are also available in 1999

U.S. dollars, based on 1999 PPPs calculated by

the OECD and Eurostat. The method of conver-

sion to a common currency is hence the applica-

tion of a single PPP estimate from the base year of

a constant price series to the value in each year.

These series are available for 74 countries (cov-

ering all OECD members and various countries in

Eastern Europe, Asia, Latin America, Africa and

the Middle East), from 1950 to 2002 for OECD

countries and generally from 1950 to 2000 for

other countries (although some variables are not

available for some countries). All data are posted

and available for free download at www.eco.rug.nl/

ggdc/indexdseries.html. Source and methodology

notes are also available, and capital stock and TFP

estimates may soon be available.

The sectoral data base contains output,

employment, and for some countries average

hours estimates, for 20 countries from 1950 to

1996 (or slightly longer or shorter time periods

for some countries). For OECD countries these

data are accessible in spreadsheet format, and

data for Asian and Latin American countries as

well as all documentation are accessible from

articles and working papers, all available from

the GGDC website. Estimates of PPPs by sector

are not yet available so only growth rate compar-

isons are presently possible, but in the second

half of 2003 the GGDC plans to update the sec-

toral data base including PPP estimates.

At the industry level the GGDC has developed

PPP estimates that take into account relative price

differences between industries. The International

Comparisons of Output and Productivity (ICOP)

Industrial Database includes comparable estimates

of output, employment, hours, and output per per-

son employed and per hour for the manufacturing

industry in 30 countries from 1950 to 2000 (van

Ark and Timmer, 2001). All of these series,

detailed methodology notes and related research

reports are available from the GGDC website

referred to above. The OECD is the main source

for data provided by the GGDC and the data used

in constructing the productivity statistics, although

national sources are also used, particularly at the

industry level, and detailed sources provided.

Other Sources of Productivity, Output, 
and Employment Data

The International Labour Organization

maintains the Key Indicators of the Labour

Market data base, including data on output per
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hour and per employed person for the total

economy, manufacturing, transportation and

communications, and wholesale and retail trade.

Data are presented both in index form and in

1990 U.S. dollars and are available from 1980

through 2000 for 44 developed or transition

economies. These series are based on data col-

lected by the GGDC. In 2003, data for the agri-

cultural sector for about 100 countries should

become available. Also available are data on

employment, standardized unemployment rates,

long-term unemployment, and labour force par-

ticipation rates. Data are disseminated via the

ILO’s publication Key Indicators of the Labour

Market, published annually and available in print

or on CD-ROM from the ILO website (ilo.org),

and via KILMnet, an online data base which can

be subscribed to from the ILO website. Most

employment-related variables are available for

virtually all countries in the world, with many

available for 1980-2000. The ILO also provides

a free online data base known as LABORSTA,

available at www.laborsta.ilo.org which provides

convenient access to nationally collected

employment related statistics for virtually every

country in the world.

The National Bureau of Economic Research

(NBER) provides access via their website

(www.nber.org) to the Penn World Table Version

6.1 data base, prepared by Alan Heston, Robert

Summers and Bettina Aten, which contains data

on GDP and a number of related variables,

including PPP adjusted GDP per person

employed, for 152 countries for 1950 through

2000.8 Two other data bases maintained by the

NBER may also be of interest: the Macrohistory

Database presents, among other variables, out-

put and employment data for the pre-World War

I period for the United States, with limited cov-

erage of some European countries; and the

Manufacturing Industry Productivity Database,

maintained jointly with the Center for Economic

Studies of the Bureau of the Census, contains a

number of variables such as output, employment,

hours, capital stock and TFP, for each of the 459

manufacturing industries in the United States for

1958-1997. These data can be accessed by choos-

ing “Data” at the top of www.nber.org and fol-

lowing “Data Links” from the menu that

appears. Also available from the NBER website

under the “Programs” link is information on and

publications of the NBER Productivity Program,

and, under “Publications,” access to or ordering

information on all NBER books and working

papers.

It is also important to mention the data pro-

vided by two other international organizations,

namely the World Bank and the International

Monetary Fund (IMF). The World Bank pub-

lishes its World Development Indicators annually,

available in print, on CD-ROM, and via an

online subscription. Information and a free trial

online data service are available at www.world-

bank.org/data. Data on roughly 800 variables for

1960 onwards and for virtually all countries in

the world are available. The IMF produces data

on output and trade for its semi-annual publica-

tion World Economic Outlook, and free access to

the data base is available by searching for this

publication at www.imf.org. The International

Financial Statistics yearbook and CD-ROM can

be ordered from the IMF website and contains

data on financial variables for all countries in the

world, presented both annually and quarterly,

with some series starting in 1948 (although not

all years for which data are available are included

in the print edition).

Besides these major international sources,

some private research organizations provide pro-

ductivity and related data for smaller sets of

countries. Although quite likely far from exhaus-

tive, two are mentioned here. The first source is

the National Institute of Economic and Social

Research in London (NIESR), whose website is

found at www.niesr.ac.uk. The NIESR provides

labour productivity and capital data for 48 sec-
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tors with additional detail in manufacturing for

1950 onwards for the United Kingdom, the

United States, Germany, France and Japan.

These data can be obtained by following the

“research” link followed by the “productivity and

competitiveness” link. 

The second source is the Centre for the Study

of Living Standards (CSLS), which provides reg-

ularly updated productivity data for Canada and

the United States from 1976 onwards. For the

total economy and manufacturing, both level and

growth rate comparisons of output per hour and

per employed person are available, as well as

growth rate comparisons of capital productivity.

Growth rate comparisons of output per hour and

per employed person for the business sector are

also available from 1946 onwards annually and

from 1987 onwards quarterly. The data are

accessible by choosing “Data” from the top

menu at www.csls.ca and from there the

“Personal Income and Productivity Trends” link.

The CSLS productivity data base also contains

annual estimates of labour, capital, and total fac-

tor productivity growth rates and levels for

Canada and by province for a detailed set of

industries for the 1987-2001 period.

Comparing the Comparisons

Given on the one hand the growing demand

for international productivity comparisons, and

on the other hand the challenge of finding suit-

able data, it would seem efficient to separate the

task of finding the data from the task of making

the comparisons. This article is an attempt to

fulfill this first task, but in a sense it can only be

partly successful. Considered as a whole, the

data sources discussed here supply not a single

truth, but rather a range of estimates for any

particular country pairing. This is due to the

numerous data comparability issues to be faced

and the numerous ways in which each can plau-

sibly be addressed. Hopefully, through contin-

ued research it will eventually be possible to

have fully harmonized data collection standards

and agreement on calculation methods. Until

this happens, however, what is “suitable” must

be defined as a range.

Notes

* The author would like to thank Andrew Sharpe for the

opportunity to write this article and for constructive com-

ments, and also Bart van Ark, Paul Schreyer and Dirk Pilat

for useful suggestions. The list of data sources discussed

here is quite likely not exhaustive, and due to frequent

website updates the precise locations described here may

change over time. Additions and corrections are welcome at

jersmith@cyberus.ca. The author is currently undertaking

his Master of Arts in Economics at Queen’s University and

worked as a Research Assistant at the Centre for the Study

of Living Standards from May 2001 to August 2002.

1 For a detailed discussion of these and other issues faced in

constructing productivity estimates, see Scarpetta et al.

(2000) and OECD (2001a). An abridged version of the latter

appeared in Schreyer (2001). 

2 This article is posted at www.csls.ca under the International

Productivity Monitor along with a page of hotlinks to all

internet data sources discussed here.

3 SourceOECD is a convenient service since virtually all data

produced by the OECD can be downloaded instantaneously,

for the most recent period available, and from a user-friend-

ly interface. However, users must subscribe to SourceOECD,

with rates varying according to access requirements

(although some institutions have subscriptions available to

all their members). It is possibly more cost effective for

some users to purchase data via CD-ROM since this avoids

paying for unnecessary data, and these products also gen-

erally have user-friendly interfaces and can be purchased

directly from the OECD online bookshop. SourceOECD is

available at www.sourceoecd.org and the bookshop can be

accessed from the right menu at www.oecd.org. 

4 This publication and other work of the Growth Project was

summarized in Pilat (2001). Also see OECD (2001b).

5 It is also useful to note that these statistics are available

on other OECD CD-ROM publications as well. For example,

the OECD Health Data CD-ROM contains PPPs, output data,

and employment data, but not data on hours of work.

6 The data base is available directly from http://www1.

oecd.org/scripts/cde/viewbase.asp?DBNAME=lfs_data.

7 The World Economy: A Millennial Perspective by Angus

Maddison (published by the Development Centre of the

OECD in 2001) was reviewed by Sharpe (2001, 2002).

Besides providing population and output data for virtually
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all countries in the world, with some series extending 2000

years into the past, Maddison presents employment and

hours estimates for the years 1870, 1913, 1950, 1973, 1990

and 1998 for most major developed countries. The method

of currency conversion is the second discussed above,

namely the conversion of a real series using the PPP of the

base year. Despite the limited development of productivity

statistics relative to GDP and GDP per capita, the book is a

valuable source for international productivity comparisons

due to its wide country coverage, long time coverage and

detailed discussion of sources and methods. Sample tables

and ordering information are available at www.theworld

economy.org.

8 This data base with associated documentation is available

directly from pwt.econ.upenn.edu.
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Productivity dominated the economic dis-

course in the United States and other

OECD countries in the late 1990s. Slow

growing productivity was the proximate cause of

slow economic growth for more than two decades

beginning in the early 1970s. There is nothing

like scarcity to focus one’s attention, which is the

one thing an economist should know. At last, a

surge in productivity, all agreed, led to prosperity

in the United States in the late 1990s, and the

U.S. experience was highly influential on the

international public discourse. The relationship

between rising productivity and rising living stan-

dards was hardly questioned. How to raise pro-

ductivity was almost the sole concern. 

But in the early 2000s, measured productivity

in the United States has continued to rise even as

the economic recovery remains jobless — if it is a

recovery at all. In national surveys, many

Americans feel the nation is still in recession.

Telling them productivity is rising is no solace. In

Canada and Europe, it is clear that productivity

has risen as well over the 1990s, although not like

the explosive growth seen in the United States in

the late 1990s, but unemployment remains high

and employment rates low. GDP per capita has

not grown as rapidly as in the United States.

What is the relationship between productiv-

ity growth and social progress? This volume,

Towards a Social Understanding of Productivty,1

edited by Andrew Sharpe, Executive Director of

the Centre for the Study of Living Standards,

France St.-Hilaire, Vice-President, Research at

the Institute for Research on Public Policy, and

Keith Banting, Director of the School of Policy

Studies at Queen’s University, addresses a broad

concern that is often neglected in academic cir-

cles, at least those in the United States with

which I am familiar. Have we assumed too read-

ily that the growth of productivity is all that mat-

ters? To what extent does social progress itself

contribute to productivity growth? Do econo-

mists focus too much on traditional factors

because they can measure them, and too little on

factors that may be more important but are hard-

er to assess quantitatively? When all is said and

done, what do we truly know about the cause of

productivity and what are we still guessing at or

forcing into pre-determined theories or biases?

On balance, the answers these authors arrive

at reinforce conventional views that productivity

is essential to growth and a rising standard of liv-

ing — and indeed that over time rising produc-

tivity will improve social conditions. But they

also define finer shades of interpretation of the

empirical data and their implications for public

policy. They add considerably to a fuller under-

standing of how social factors affect economic

growth and how economic growth is linked to

social improvement. I hope rather strongly that

such attention will interest others in doing more

research in the field.
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Each of these essays is, in fact, a literature

review. The pedagogical uses of the book are

considerable. Andrew Sharpe’s first essay is a

clear and up to date summary of growth theory.

The second piece, by Tony Fisher and Doug

Hostland, reiterates the basic case that produc-

tivity growth has been central to Canada’s long-

term rise in the standard of living. Recent devia-

tions, the authors argue, are temporary.

The third essay by Bart Van Ark explains the

deviation in the growth of GDP per capita in

Europe and Canada and the United States

despite similar levels of productivity. The

United States is by no means the most produc-

tive nation in the world, yet it has the highest

(or, depending on the source, second highest)

GDP per capita. The differences are largely due

to hours worked.

But the central questions of the volume have

to do with the linkages between social progress

and productivity. Among those that interested

me most was the treatment of health. I have long

wondered how serious economists can present

what they consider a complete model of eco-

nomic growth and make no room for how a

healthy society might influence national produc-

tivity. Emile Tompa directly takes on this issue

and summons the evidence to argue that health

does indeed matter. It is one of the most valuable

pieces in the book.

The one social cause of growth for which

modern growth theory seems to have made a

strong case is education. Still, there are ambigu-

ities in the empirical research and the statistical

models. Arthur Sweetman’s piece on the subject

faces the controversies directly. He strongly con-

cludes that education matters, but it is not clear

to me that he has adequately answered all the

questions about the evidence that he has raised.

The preponderance of evidence weighs in favor

of the view. But the holes in the arguments are

still there. To his credit, he presents the many

issues clearly and forthrightly.

I find Richard G. Harris’s essay on the links

between social policy and productivity among

the most useful in the book. In fact, Harris cov-

ers a lot of territory and does not ignore basic

questions. Just how conclusive have studies based

on traditional production functions really been?

The following is refreshing commentary for a

growth economist steeped in modern theory.

Referring to the basic Solow growth accounting

model, he writes:

“While this framework is conceptually

simple and widely used because productivity

growth can be identified by the residual

method...it has long been recognized that this

approach presents serious shortcomings. In

particular, there is no institutional context

describing how economic incentives are

determined, where new technology comes

from, or what factors determine investment.

The major accounts of Industrial Revolution

or of economic development offered by eco-

nomic historians place great emphasis on

these last factors.”

Harris’s basic case for broadening the factors

that cause growth beyond the handful of tradi-

tional economic factors — mostly, capital invest-

ment, human capital and technology — is that

they do not explain growth adequately. “So far,”

he goes on, “it has been difficult to show that the

economic determinants do a fairly good job in

explaining the growth experience of countries at

all levels of economic development.”

In fact, Harris notes, one of the few models

that seemed to have had some explanatory power

since the early 1970s (though even a quick glance

at it raises questions about its susceptibility to

shifting assumptions about timing and data sets)

was not at all able to explain the sudden and sur-

prising surge in productivity growth in the

United States in the late 1990s.

Harris then examines the effects of inequality

and government social spending on growth. He

can come up with only suggestive evidence.
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Rising inequality may indeed impede growth,

but it is far from clear. High government social

spending, however, must be disaggregated to

find a relationship. Some kinds of social spend-

ing may affect growth, he argues, but more pas-

sive social spending does not.

Harris remains optimistic about the theoreti-

cal and statistical models in light of all these dif-

ficulties. I might argue he is too accepting of

some studies. For example, he claims many stud-

ies show that high levels of government con-

sumption impeded economic growth. But even

the study he cites, by Easterly and Rebelo, con-

ceded that the statistical analysis was unstable.

Later work by Joel Slemrod casts considerable

doubt on this contention. It would seem a slam

dunk that high government spending, and their

usual corollary high taxes, should impede

growth. But the fact is that these techniques can-

not yield such a conclusion. There seems to be

little relationship between government spending

and growth rates—or the techniques are too

blunt to find them.

I would like to call attention to one final essay

in this volume. Joseph Heath asks whether max-

imizing productivity growth should be a nation’s

primary objective. It is a fine summary of the

issues. Has rapid productivity growth eliminated

poverty? It has certainly reduced it, but not with-

out considerable help from social policies. Has it

led to greater social equality? Not in the last

thirty years. Has it made people happier? The

evidence is not very supportive.

Heath proffers this analogy. The time it takes

to travel across London is slow. In the first half

of the century, we would have tried to build

faster cars. Now, we know that it not a complete

solution. Alas, we may even need some central

planning (my point, not his).

Unfortunately, Heath does not explore the

differences between rapid productivity growth

and slow productivity growth. The cursory evi-

dence suggests that fast growth raises more boats

than does slow growth. There are also consider-

able differences in the social and political charac-

ter of nations to be considered. For example, I

believe Europe and Canada can manage slow

growth better than the United States, which has

always has relied more on fast growth than com-

munity sharing to solve its social problems. Slow

growth is more of a challenge to the welfare state

in the United States than elsewhere.

Thus, the relatively slow growth of the last

thirty years is not a perfect natural experiment

for analyzing productivity growth in general. In

the United States, productivity growth was on

average much slower than it was over the previ-

ous one hundred years.

This volume addresses the very issues econo-

mists should be talking about, writing about, and

thinking about all the time. In the United Ststes, in

particular, such issues seem to be of secondary

importance. Perhaps this neglect is more true in

Canada and Europe than I realize. Other issues

discussed in the volume include productivity and

natural capital, aging, social divergence, the vol-

untary sector, and the attitudes of Canadians

toward productivity. Towards a Social Understanding

of Productivity makes an important contribution,

but I also hope it influences others to take up and

take further the issues it addresses.
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