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Abstract

Labour productivity growth and multifactor productivity (MFP) growth slowed in Canada and other
advanced economies after 2000. Several measurement challenges have been suggested as
potential explanations for this trend. These include the measurement of intangible capital in a
digital economy, the measurement of natural resource capital in the resource extraction sectors,
the effect of infrastructure capital and the effect of cyclical fluctuations in the utilization of capital
in industries adversely affected by world demand. This paper focuses on the role of these
measurement issues in the slower productivity growth observed in Canada. It finds that
measurement issues alone cannot explain the slowdown in productivity growth in Canada after
2000. Only 25% of the decline in MFP growth in the Canadian business sector in the period from
2000 to 2015, compared with the period from 1980 to 2000, is due to an increase in the use of
produced capital and in the intermediate inputs required to extract natural resources with declining
ore grades, and declining capital utilization in manufacturing. The decline in labour productivity
and MFP growth is not due to changes in intangible capital and infrastructure capital after 2000.

Keywords: productivity, natural capital, intangible capital, capacity utilization
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Executive summary

Labour productivity growth and multifactor productivity (MFP) growth slowed in the Canadian
business sector after 2000. Specifically, labour productivity growth declined from 1.7% per year
in the period from 1980 to 2000 to 1.0% per year in the period from 2000 to 2015. MFP growth
slowed from an increase of 0.4% per year in the first period to a decline of 0.2% per year in the
second period. The recent slowdown in productivity growth also occurred in the United States and
other developed economies.

Previous studies have identified a number of potential explanations for this trend. These include
a slower pace of innovation and technological progress, a slowdown in the dissemination of
innovation, a lack of competition, a decline in business dynamism, and a misallocation of
resources because of a sharp decline in real interest rates. Several measurement challenges
have also been suggested as potential explanations. These include the measurement of gross
domestic product and knowledge capital in a digital economy, the measurement of natural
resource capital in the resource extraction sectors, the effect of public infrastructure capital, and
the effect of cyclical fluctuations in the utilization of capital.

This paper will focus on the role of measurement issues in accounting for slower productivity
growth in the Canadian business sector after 2000.

First, the paper extends the asset coverage of the Canadian Productivity Accounts to include
intangible capital, natural capital and public infrastructure capital so as to develop a more
comprehensive measure of capital and better understand the contributions of these types of
capital to labour productivity growth and to the decline in labour productivity growth in Canada
after 2000. Intangible knowledge capital—such as innovation, human capital and organization
capital—has been identified as an important source of output growth and productivity growth.
However, growth accounting and the System of National Accounts generally do not include them
as capital input. Natural capital is an important input to the mining and oil and gas extraction
industry but is excluded from the measure of capital input to the industry. Public infrastructure
capital contributes to the output and productivity growth of the business sector but is often not
included in growth accounts.

Second, the paper examines the role that short-run changes in the utilization of capital input play
in the slower manufacturing-industry MFP growth and the contribution of these changes to
aggregate MFP growth in the business sector after 2000. Utilization of capital in Canadian
manufacturing declined in the early 2000s, a period that was associated with slower export and
output growth because of the appreciation of the Canadian dollar and slower growth in Canada’s
largest trading partner, the United States.

The paper finds that measurement issues alone cannot explain the slowdown in productivity
growth in the Canadian business sector after 2000. Only 25% of the decline in MFP growth in the
Canadian business sector in the period from 2000 to 2015, compared with the period from 1980
to 2000, is due to an increase in the use of produced capital and in the intermediate inputs
required to extract natural resources with declining ore grades, and declining capital utilization in
manufacturing. The decline in labour productivity and MFP growth is not due to changes in
intangible capital and infrastructure capital after 2000. Infrastructure capital contributed to an
acceleration of labour productivity and MFP growth after 2000 as a result of a large increase in
infrastructure investment in this period. The decline in MFP growth in the business sector was
larger after 2000 when an adjustment is made for the effect of infrastructure and intangible capital.
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1 Introduction

Labour productivity growth and multifactor productivity (MFP) growth slowed in the Canadian
business sector after 2000 (Baldwin and Willox 2016; Almon and Tang 2011; Rao, Sharpe and
Smith 2005)." Specifically, labour productivity growth declined from 1.7% per year in the period
from 1980 to 2000 to 1.0% per year in the period from 2000 to 2015. MFP growth slowed from an
increase of 0.4% per year in the first period to a decline of 0.2% per year in the second period.
The recent slowdown in productivity growth also occurred in the United States and other
developed economies (Byrne, Fernald and Reinsdorf 2016; OECD 2015).

Previous studies have identified a number of potential explanations for this trend. These include
a slower pace of innovation and technological progress, a slowdown in the dissemination of
innovation, a lack of competition, a decline in business dynamism, and a misallocation of
resources because of a sharp decline in real interest rates (Baily and Montalbano 2016; Cette,
Fernald and Mojon 2016; OECD 2015; Sharpe and Murray 2017). Several measurement
challenges have also been suggested as potential explanations. These include the measurement
of gross domestic product and knowledge capital in a digital economy, the measurement of
natural resource capital in the resource extraction sectors, the effect of public infrastructure
capital, and the effect of cyclical fluctuations in the utilization of capital (Ahmad and Schreyer
2016; Byrne, Fernald and Reinsdorf 2016; Rao, Sharpe and Smith 2005).

This paper focuses on the role of measurement issues in accounting for slower productivity growth
in the Canadian business sector after 2000.

First, the paper extends the asset coverage of the Canadian Productivity Accounts (CPA) to
include intangible capital, natural capital and public infrastructure capital so as to develop a more
comprehensive measure of capital and better understand the role of investment in output and
labour productivity growth. Intangible knowledge capital—such as innovation, human capital and
organization capital—has been identified as an important source of output growth and productivity
growth. However, growth accounting and the System of National Accounts (SNA) generally do
not include them in the value of output or the value of capital input. Natural capital is an important
input to the mining and oil and gas extraction industry but is excluded from the measure of capital
input to the industry. Public infrastructure capital contributes to the output and productivity growth
of the business sector but is often not included in growth accounts.

While expanding the asset coverage to include intangible capital, natural capital and public capital
will affect MFP growth, the extent to which this capital accounts for the decline in labour
productivity and MFP growth is not known. This paper will examine the changes in these types of
capital after 2000 and whether these changes explain slower labour productivity and MFP growth
after 2000.

Second, the paper will focus on the role that short-run changes in the utilization of capital input
play in the slower MFP growth in Canadian manufacturing after 2000. Utilization of capital in this
industry declined in the early 2000s, a period that was associated with slower export and output
growth because of the appreciation of the Canadian dollar and slower growth in Canada’s largest
trading partner, the United States. The decline in MFP growth after 2000 was found to be partly
due to this decline in the utilization of capital in this period (Baldwin, Gu and Yan 2013).

While previous studies have used various procedures to examine the effect of changes in capacity
utilization on MFP growth, the procedures are often ad hoc. To address this gap, a new measure

1. While productivity growth slowdown is common in advanced economies, the exact time when the slowdown occurs
differs from one country to the next. In the United States, the slowdown occurred in 2004 after rapid productivity
growth in the 1990s and early 2000s (Byrne, Fernald and Reinsdorf 2016; Cette, Fernald and Mojon 2016). In many
European countries, the slowdown occurred in the mid-1990s (Cette, Fernald and Mojon 2016; OECD 2016). In
Canada, the productivity growth slowdown occurred after 2000 (Baldwin and Willox 2016).
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of capacity utilization has been developed; it can be used to adjust MFP growth for changes in
the utilization of capital input (Gu and Wang 2013).

The methodologies that can be used to address these measurement challenges were established
in previous studies from Canada and other countries. The contribution of this paper is to use these
methodologies to extend the estimates to more recent years and to ask to what extent these
measurement issues account for the slower labour productivity and MFP growth in Canada after
2000.

In addition to the measurement issues examined in this paper, issues associated with the
measurement of service-sector output, the measurement of output from new goods and services,
and the measurement of the price of information and communication equipment could be
important in explaining slower productivity growth in recent years. However, it is not clear that
these measurement issues have become more pronounced in recent years, thereby contributing
to the recent productivity growth slowdown. The measurement of “free” digital services
(e.g., social media and search engines) is also mentioned as a factor in slower productivity growth
(Varian 2011; Brynjolfsson and Oh 2012; Nakamura, Samuels and Soloveichik 2016). Output and
productivity growth, if extended to include the benefit of digital services, would have increased
faster in recent years. But this benefit is the output of non-market production and is outside the
production boundary of the SNA.

The rest of the paper is organized as follows. Section 2 begins with a decomposition of MFP
growth into the contributions of industries to identify the industries responsible for the slower MFP
growth in the Canadian business sector after 2000. Identifying these industries sheds light on
potential measurement issues that affect them. The section will provide a modified Domar
decomposition of aggregate MFP into industry contributions when the sum of input costs differs
from the value of output. Section 3 extends the asset coverage to include intangible capital,
infrastructure capital and natural capital. Section 4 takes into account changes in capacity
utilization in MFP growth in manufacturing. Section 5 presents the role these measurement issues
play in the slower productivity growth in the Canadian business sector after 2000. Section 6
concludes the paper.

2 Aggregate and industry productivity growth in Canada

This section summarizes the trend in productivity growth at the aggregate business-sector level
and traces aggregate MFP growth back to the contributions of individual industries. It focuses on
the industries that are sources of the decline in aggregate MFP growth after 2000. The data are
taken from the CPA of Statistics Canada.

The CPA follow the framework laid down by Jorgenson (1966); Jorgenson, Gollop and Fraumeni
(1987); Jorgenson, Ho and Stiroh (2005); and Schreyer (2001). They developed integrated
industry and total economy growth accounts.? In their accounts, industry-level productivity growth
is estimated using detailed data on output and inputs, and aggregate productivity growth is
estimated using industry-level data. Industry productivity accounts and aggregate productivity
accounts are fully integrated; MFP growth at the aggregate level and MFP growth at the industry
level are related to one another through Domar aggregation (Domar 1961).

MFP growth in the CPA is defined as output growth that is not accounted for by the growth of
capital, labour and intermediate inputs. To estimate MFP growth, the user cost and volume index
of capital input are estimated first. The user cost of capital is equal to the sum of the rate of return
to capital, depreciation and capital gains adjusted for the effects of tax treatments. The rate of

2. The framework is also used to construct the World KLEMS (capital, labour, energy, materials, services) productivity
accounts for a large number of countries (Timmer et al. 2011; Jorgenson 2012).
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return can be set either to the endogenous rate of return or to the exogenous rate of return
(Diewert and Yu 2012). Prior to the 2013 revision (as documented by Baldwin et al. [2014]), the
endogenous (or internal) rate of return method was used in Canada, where the rate of return is
estimated from the assumption that the user cost of capital across assets is equal to capital
income. In this approach, the sum of input costs exhausts the value of output. The approach is
based on the assumption that there is perfect competition and constant returns to scale. It gives
rise to the Domar aggregation: aggregate MFP growth is a weighted sum of industry MFP growth
where weights are equal to the share of an industry in aggregate nominal output (Domar 1961).

To address the volatility of internal rates of return that often occurs at the industry level (Diewert
and Yu 2012; Harper, Nakamura and Zhang 2012), Statistics Canada’s Multifactor Productivity
Program adopted a variant of the endogenous approach in 2013 (Baldwin et al. 2014). The
external rates of return are now used to estimate the user cost of capital for industries with
extremely high and low internal rates of return.® In addition, for a number of service industries
where internal rates of return are unusually high and exhibit unusual trends, capital input is
imputed by dividing gross operating surplus by the user cost of capital estimated using the
external rates of return.*

This approach to estimating capital input provides an estimation of a surplus: the difference
between capital income from the SNA and capital costs. This difference could be the result of
imperfect competition. It could also arise because the list of inputs included in the MFP estimates
is incomplete (e.g., many intangibles are excluded). Or it could arise because of economies of
scale, so that paying inputs their marginal revenue product does not completely exhaust the value
of output. As a result of the surplus, the Domar aggregation needs to be modified. The remainder
of this section first develops a modified Domar aggregation that relates industry MFP growth to
aggregate MFP growth in the presence of a surplus. It then uses the aggregation to decompose
MFP growth in the aggregate business sector into the contributions of individual industries.®

2.1 Modified Domar decomposition
2.1.1 Industry productivity measure

An integrated productivity account starts with the measurement of MFP at the industry level.
Industry i is characterized by a production function that expresses gross output V. as a function

of capital K,, labour L,, intermediate input M, and technology T, :
V, =F'(K,,L;,M,,T). (1)

The nominal value of gross output for industry i is equal to the sum of capital, labour and
intermediate input costs plus a surplus:

RV, = P, K, +PL + Py M, +11,, (2)

3. The average rate of return at the 2-digit level industries, according to the North American Industry Classification
System (NAICS).

4. The revisions to the estimation of capital input have a small effect on the growth of capital input and MFP in the
total business sector for the period after 1980. But the revisions reduce aggregate capital input growth for the period
from 1961 to 1980, and therefore increase MFP growth for that period. MFP growth is revised upward from 0.7%
per year to 1.1% per year for the period from 1961 to 1980.

5. Basu and Fernald (2002) developed a more general and more complex aggregation formula assuming imperfect
competition and increasing returns to scale. Their aggregation is parametric and requires the estimation of returns
to scale. In contrast, the decomposition is this paper is non-parametric and easy to implement.
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where R, ,P., P, and B, are the prices of gross output, capital input, labour input and

intermediate input. IT is surplus or profits. As in standard growth accounting, the price of gross
output is valued at basic prices, and the prices of inputs are valued at purchaser prices.

When there is a surplus, MFP growth based on gross output (t, ;) can be written as the difference
between output growth and the cost-weighted input growth (Hall 1990):

t, =AInV, —| —AInK, +—=—AlInL +—"-AlnM, |, (3)
' 1-ay; l-a; 1-ay;
Oy i i Oy . . . .
where : , and ——— are the shares of capital, labour and intermediate inputs in
— O 1_an,i 1_an,i

the sum of capital, labour and intermediate input costs. Aln is the log difference or log growth of

a variable between two periods. a, ;,¢, ;,a,, ;,a;; are the shares of capital costs, labour costs,

intermediate input costs and surplus in the nominal value of gross output in industry i . The sum
of those shares in gross output equals 1.

Equation (3) was developed by Hall (1990), who showed that aggregate input growth should be
cost-weighted for measuring MFP growth when there is imperfect competition and increasing
returns to scale. In general, Balk (2010) and Schreyer (2010) showed that cost-weighted input
growth is the preferred measure for calculating MFP growth when there is a surplus, regardless
of the sources of the surplus.

MFP growth in Equation (3) is based on gross output. Alternatively, MFP growth can be estimated
using value-added output. MFP growth based on value added (t,;) can be defined as the

difference between the growth of value added and the growth of cost-weighted capital and labour
inputs, with weight being given by the share of capital and labour input costs in the sum of capital
and labour costs:

tAYiZAlnA—[aO{#AIn Ki+aa+iaAln LIJ (4)
K,i L, K,i L,

Value-added MFP growth in Equation (4) is related to gross output MFP growth in Equation (3).
To see this, note that value added in current dollars is calculated as the difference between the
value of gross output and the value of intermediate inputs. Value added in constant dollars (A)
can be calculated from the equation that expresses gross output as a Térnqvist aggregation of
value added and intermediate inputs:®

AlnV, =(1-ay;)AINA +a, ;AINM,. (5)

The equation can be rewritten to express value added in constant dollars as a difference between
a share-weighted gross output in constant dollars and a share-weighted intermediate input in
constant dollars:

6. In the SNA, value added is estimated using a Fisher aggregation. For the purpose of derivation for this paper, a
Tornqvist aggregation will be used. Both the Fisher aggregation and the Tornqvist aggregation are superlative
indices introduced by Diewert (1976).
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AV, — M AlnM., (6)

AlnA =

1-ay; i

This method is called double deflation. Substituting AlIn A from Equation (6) in Equation (4) yields

the following equation that relates MFP growth based on value added to MFP growth based on
gross output:”

_ i Ta i tay; A iQy

ty, t,+ (AInM, —AlInA). (7)

Oy i T Oy i T

Value-added MFP growth is equal to gross-output MFP growth times the ratio of the sum of
capital, labour and intermediate input costs to the sum of capital and labour input costs, plus a
term that reflects the effect of changes in vertical integration on MFP growth. The term is positive
if the growth of intermediate inputs exceeds the growth of real value added.®

If there is no surplus, the equation is simplified to the well-known relationship between value-
added MFP growth and gross-output MFP growth. Value-added MFP growth is equal to gross-
output MFP growth times the ratio of nominal gross output to nominal value added (Bruno 1978;
Jorgenson, Ho and Stiroh 2005).°

2.1.2 Aggregate productivity measure

Aggregate MFP growth in the total business sector is constructed from industry productivity
accounts using the bottom-up approach. Specifically, value-added growth in the total business
sector is derived from an aggregation of industry value-added growth using the industry share of
nominal value added as weights. Aggregate capital input growth is derived from an aggregation
of industry capital input growth using the industry share of capital costs as weights.
However, aggregate labour input is derived from an aggregation of different types of hours
worked, cross-classified by education levels, experience and employment types at the aggregate
level. This is done so the methodology in the Canadian MFP program is comparable with the one
adopted by the Bureau of Labor Statistics for the United States.®

MFP growth in the total business sector is estimated as the difference between the growth of
aggregate value added and the growth of combined aggregate capital input and aggregate labour
inputs.

When aggregate MFP growth is constructed using the bottom-up approach, aggregate MFP
growth of value added is equal to a weighted sum of industry MFP growth using the industry
shares of capital and labour costs as weights, plus a term that reflects the deviation of the output
value from input costs or the presence of a surplus:

7. A proof of the equation can be obtained from the substitution of gross-output MFP growth in Equation (3) for gross-
output MFP growth in Equation (6).

8. The second term is a result of the departure from the assumption implicit in the double-deflation method used in the
SNA. The double-deflation method is derived from an assumption of perfect competition and constant returns to
scale. With that assumption, the weights used for double deflation are based on the share of intermediate inputs in
the value of gross output (Bruno 1978). With imperfect competition, appropriate weights for double deflation should
be based on cost shares of intermediate inputs. It can be shown that the second term in Equation (7) disappears
when the cost shares are used in the double-deflation method for estimating real value added.

9. Diewert (2014) derived an exact relationship between value-added MFP growth and gross-output growth when
Laspeyres and Paasche aggregations are used.

10. The top-down and bottom-up approaches yield similar estimates of aggregate labour input once the shifts in
composition of labour input in education and experience levels are taken into account.
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ty= > W+ (W —w)AInA, (8)

where t, is aggregate MFP growth based on value-added output, w; is the share of industry i

in the sum of capital and labour costs in the total business sector, and W, is the share of industry
i in the nominal value added of the total business sector.

The second term measures the effect of the reallocation of value added across industries.
The term is negative when industries with a smaller surplus or lower markup (such as service
sectors) have faster output growth than industries with a larger surplus or higher markup. If there
is no surplus, the aggregation becomes a standard Domar aggregation: aggregate MFP growth
is a weighted sum of industry MFP growth.

Balk (2015) referred to the second term as the price effect. It is a result of imperfect competition,
the presence of a surplus and the method that the SNA use to derive aggregate value-added
growth. When there is imperfect competition, aggregate value-added growth should be calculated
as a weighted sum of value-added growth across industries using industry shares of total costs
as weights. When this is done, the second term in Equation (8) is 0 and aggregate MFP is equal
to a weighted sum of industry MFP growth using industry shares of total costs as weights. But in
the SNA, aggregate value-added growth is calculated using industry shares of aggregate value
added as weights, which assumes perfect competition. As a result, aggregate MFP growth is
equal to a weighted sum of industry MFP growth plus a reallocation term, as shown in
Equation (8).

Substituting Equation (7) for tiA in Equation (8) creates an equation that expresses aggregate
value-added MFP growth as an aggregation of gross-output MFP growth across industries:

o t+a Ty, Ol Oy -
ty= > w bl MLy Y w ML (AInM; - AlInA)

i Ui+ O i Ot ay (9)

+Z(Wi —~w)AINA.

Aggregate MFP growth from the bottom-up approach is decomposed into three components.
The first component is a weighted sum of gross-output MFP growth across industries. The weight
for an industry is the ratio of the sum of capital, labour and intermediate costs in an industry to
the sum of capital and labour costs at the aggregate level. The sum of the weights exceeds 1.
The second and third components arise as a result of imperfect competition and surplus.
They represent the effect of changes in intermediate input intensities and the effect of reallocation
of value added across industries. When there is perfect competition and no surplus, the
aggregation becomes a standard Domar aggregation, and the second and third terms in the
equation are equal to 0.

The modified Domar decomposition in Equations (8) and (9) calculates industry contributions
using industry shares of input costs. In contrast, the standard Domar decomposition uses industry
shares of nominal output, which would overstate the contribution of industries with a positive
surplus, as their share in nominal output exceeds their share in total input costs. It would
understate the contributions of industries with a negative surplus.

The modified Domar decomposition also raises the issue of the interpretation of aggregate MFP
growth constructed using the bottom-up approach and an external rate of return for calculating
capital input. As shown in Equations (8) and (9), aggregate MFP growth reflects productivity
growth in an industry that captures the effect of innovation, scale economics and business
practices on production in the industry. It also captures the effect of the reallocation of output
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across industries with a large surplus. As a large surplus implies that the value of the output to
consumers exceeds the costs of production, this reallocation is more closely associated with
welfare improvement (Hulten and Schreyer 2010) rather than productivity growth.

2.2 Aggregate productivity growth in the total business sector

Table 1 presents the trend in output and productivity growth in the total business sector. The first
three rows in the table decompose output growth into the contribution from growth in hours worked
and the contribution from growth in labour productivity. The last three rows decompose labour
productivity growth into contributions of capital deepening, changes in labour composition, and
MFP growth.

Table 1
Sources of output and labour productivity growth in the business sector, 1980 to 2015

2000 to 2015

1980 to 2000 2000 to 2015 less 1980 to 2000
percent

Growth in real value-added 3.2 1.8 -1.4
Growth in hours worked 15 0.9 -0.6
Labour productivity growth 1.7 1.0 -0.7

Contributions to labour productivity growth from
Capital deepening 0.9 0.9 0.0
Labour composition 04 0.2 -0.2
MFP growth 0.4 -0.2 -0.6

Note: MFP: multifactor productivity.
Source: Statistics Canada, author’s calculation based on data from Table 36-10-0208-01.

Output growth declined in the total business sector during the period from 2000 to 2015, compared
with the period from 1980 to 2000. Specifically, it declined from 3.2% per year to 1.8% per year.
The decline in output growth after 2000 reflects both a decline in labour productivity growth and
a decline in the growth of hours worked.

Labour productivity growth declined from 1.7% per year over the period from 1980 to 2000 to
1.0% per year over the period from 2000 to 2015. This 0.7-percentage-point decline after 2000
was almost entirely due to a decline in MFP growth after 2000. MFP growth declined from an
increase of 0.4% per year in the period from 1980 to 2000 to a decrease of 0.2% per year in the
period from 2000 to 2015. There is little change in the contribution of capital deepening effects.
Labour compositional effects declined from 0.4% to 0.2% between these two periods.

2.3 Industry contributions to multifactor productivity growth

This section quantifies the contributions of industries to the decline in MFP growth in the total
business sector after 2000. Table 2 and Chart 1 present MFP growth based on value added by
industry. Table 3 presents the industry contributions to aggregate MFP growth. As shown in
Section 2.1, the contribution of an industry to aggregate MFP growth is equal to the industry’s
MFP growth multiplied by the share of the industry in the sum of aggregate capital and labour
input costs.
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Table 2
Multifactor productivity growth by industry, 1980 to 2015

2000to 2015

1980 to 2000 2000 to 2015 less 1980 to 2000
percent
Industry

Agriculture, forestry, fishing and hunting 2.7 25 -0.2
Mining and oil and gas extraction -0.3 -4.6 -4.3
Utilities 0.3 -1.4 -1.7
Construction -0.3 -0.3 0.0
Manufacturing 2.1 0.3 -1.8
Wholesale trade 2.1 1.5 -0.6
Retail trade 11 11 0.0
Transportation and warehousing 1.2 -0.3 -1.5
Information and cultural industries 04 0.7 0.3
Finance, insurance, real estate and renting and leasing -0.7 1.0 1.7
Professional, scientific and technical services -1.1 0.3 0.8

Administrative and support, waste management and remediation
services -1.5 -0.7 0.8
Arts, entertainment and recreation -3.2 -141 2.1
Accommodation and food services -1.3 0.1 14
Other private services -0.9 0.1 1.0
Total business sector 0.4 -0.2 -0.6

Note: Multifactor productivity growth is based on value added.
Source: Statistics Canada, author’s calculation based on data from Table 36-10-0208-01.

Chart 1
Multifactor productivity growth by industry

Industries

Total business sector
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Source: Statistics Canada, author's calculation based on data from Table 36-10-0208-01.

Analytical Studies — Research Paper Series -14 - Statistics Canada — Catalogue no. 11F0019M, no. 409



Table 3
Industry contributions to multifactor productivity growth in the total business sector,
1980 to 2015

2000 to 2015

1980 to 2000 2000 to 2015 less 1980 to 2000
percent
Industry
Agriculture, forestry, fishing and hunting 0.09 0.06 -0.03
Mining and oil and gas extraction -0.03 -0.43 -0.40
Utilities 0.01 -0.05 -0.06
Construction -0.03 -0.02 0.01
Manufacturing 0.50 0.06 -0.44
Wholesale trade 0.14 0.10 -0.04
Retail trade 0.08 0.07 -0.01
Transportation and warehousing 0.09 -0.02 -0.11
Information and cultural industries 0.02 0.03 0.01
Finance, insurance, real estate and renting and leasing -0.10 0.15 0.25
Professional, scientific and technical services -0.05 -0.02 0.03
Administrative and support, waste management and remediation
services -0.03 -0.02 0.01
Arts, entertainment and recreation -0.02 -0.01 0.01
Accommodation and food services -0.04 0.00 0.04
Other private services -0.04 0.00 0.04
Sum of industry contributions 0.61 -0.09 -0.70
Reallocation of output -0.18 -0.09 0.09
Total business sector 0.43 -0.18 -0.61

Source: Statistics Canada, author’s calculation based on data from Table 36-10-0208-01.

In the period before 2000, the industries that experienced high MFP growth were agriculture,
forestry, fishing and hunting; manufacturing; wholesale trade; retail trade; and transportation and
warehousing. These industries accounted for almost all MFP growth in the total business sector
for that period. The high MFP growth in these industries is a result of their innovation and technical
progress. For example, the rapid MFP growth in the manufacturing industry was a result of a trend
towards trade liberalization in manufacturing that led to innovation and the adoption of advanced
manufacturing technologies.

In the period after 2000, MFP growth slowed or became negative in goods-producing industries,
especially in mining and oil and gas extraction, and in manufacturing. The service industries that
invested heavily in information and communication technologies maintained positive MFP growth
and, in general, did not show a decline in MFP growth after 2000. These service industries include
wholesale trade; retail trade; information and cultural industries; and finance, insurance, real
estate and renting and leasing.

MFP increased 0.4% per year in the business sector over the period from 1980 to 2000. It then
declined by 0.2% per year over the period from 2000 to 2015. This represents a
0.6-percentage-point decline in MFP growth between the two periods. This decline in aggregate
MFP growth after 2000 was mostly due to a decline in MFP in two industries: manufacturing, and
mining and oil and gas extraction. The decline in MFP growth in the manufacturing industry
accounted for a 0.4-percentage-point decline in aggregate MFP growth. The decline in MFP
growth in the mining and oil and gas extraction industry accounted for another 0.4-percentage-
point decline in aggregate MFP growth after 2000.

The sum of industry contributions differs from aggregate MFP growth in the total business sector.
The difference reflects the effect of reallocation in value added on aggregate MFP growth.
The effect of the reallocation is found to be negative for all periods. This is a result of a negative
correlation between surplus and output growth: the industries with a smaller or negative surplus
tend to grow faster, as shown in Table 4. Transportation and warehousing, and information and
cultural industries, with a large negative surplus, experienced rapid growth in output over the
period from 1961 to 2013. Accommodation and food services, and other private services, with a
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large positive surplus, experienced relatively slower growth. However, there are exceptions to this
negative correlation between surplus and output growth for professional, scientific and technical
services; and administrative and support, waste management and remediation services. These
industries had a large positive surplus while experiencing faster growth in output.

Table 4
Average share of surplus in nominal value-added and annual growth in value-added by industry,
1980 to 2015

Share of surplus Value-added growth
percent

Industry
Agriculture, forestry, fishing and hunting -0.1 1.9
Mining and oil and gas extraction -1.6 1.9
Utilities 0.1 1.3
Construction 16.8 2.0
Manufacturing 3.8 15
Wholesale trade 0.0 4.4
Retail trade 0.0 3.3
Transportation and warehousing -29.8 3.0
Information and cultural industries -10.4 3.6
Finance, insurance, real estate and renting and leasing 0.3 3.3
Professional, scientific and technical services 11.9 4.1
Administrative and support, waste management and remediation services 14.2 4.1
Arts, entertainment and recreation -0.2 2.2
Accommodation and food services 11.6 1.3
Other private services 121 2.3
Total business sector 2.2 2.6

Note: The share of surplus is the share of surplus in nominal value added averaged over the period from 1980 to 2013.
Source: Statistics Canada, author’s calculation based on data from Table 36-10-0208-01.

When there is a surplus, the correct weights for estimating industry contributions to aggregate
MFP growth are based on input costs. If the weights are based on the value of output, the
estimated contributions will be biased. But the bias has been found to be small in Canada,
because industry contributions estimated using output shares are similar to the contributions
based on input cost shares.

The finding that the manufacturing industry and the mining and oil and gas extraction industry are
largely responsible for the decline in aggregate MFP growth after 2000 warrants a further
investigation of potential issues in these industries. These issues include the decline in the
utilization of capital in manufacturing, and the incorporation of natural capital input in the
measurement of MFP growth in mining and oil and gas extraction.

3 Role of intangible capital, natural capital and
infrastructure capital in labour productivity growth

This section extends the asset coverage in the CPA to include natural capital, intangible capital
and infrastructure capital so as to provide a more comprehensive measure of capital input and
examine the contributions of these types of capital to output and labour productivity growth and
to the decline in labour productivity growth after 2000.
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3.1 Intangible capital and multifactor productivity growth in the
business sector

The accuracy of MFP estimates depends on the comprehensiveness of and the measurement in
the SNA that feed the Multifactor Productivity Program. Recent attention has been paid to the
incomplete coverage of assets used for estimating capital input. In particular, it has been argued
that a number of intangible assets have not been appropriately taken into account in measuring
the growth in capital. Intangible assets include computerized information (software and
computerized databases), innovative property (scientific research and development [R&D] and
non-scientific R&D) and economic competencies (brand equity, training and organizational
capital) (Corrado, Hulten and Sichel 2009). The MFP measure published by Statistics Canada
and others includes only a small portion of intangible assets—those related to R&D, exploration
and software. Whether the inadequate coverage of intangibles has a negative effect on the MFP
measure is difficult to judge without an empirical study, since reclassifying an intermediate
expense to an investment affects both measured output and measured capital.

Baldwin et al. (2009) and Baldwin, Gu and Macdonald (2012) developed a more extensive
measure of intangible capital than is used at present in the SNA and extended the growth
accounting to include intangible capital. They found that investment in intangibles totalled
$151 billion in the Canadian business sector in 2008, representing 13.2% of gross domestic
product in that year. Investment in intangibles increased much faster over time than investment
in tangibles, and the ratio of intangible investment to tangible investment increased from 0.23 in
1976 to 0.66 in 2008. Their results are updated in Table 5, which shows that intangibles made a
significant contribution to labour productivity growth in the Canadian business sector. The
contribution of intangibles to labour productivity growth was 0.4 percentage points or 40% of the
total capital deepening effect in the period 1980 to 2000, and 0.2 percentage points or 25% of the
total capital deepening effect in the period 2000 to 2015 (Table 5).

Table 5
Intangible capital and labour productivity growth in the Canadian business sector, 1980 to 2015
2000 to 2015

1980 to 2000 2000 to 2015 less 1980 to 2000
percent
Including SNA intangibles
Labour productivity growth 1.70 0.95 -0.75
Contributions
Capital deepening 0.89 0.90 0.01
Labour composition 0.38 0.23 -0.15
Multifactor productivity growth 0.43 -0.18 -0.61
Including all intangibles
Labour productivity growth 1.82 0.97 -0.85
Contributions
Capital deepening 0.91 0.95 0.04
Tangible 0.53 0.71 0.18
Intangible 0.38 0.24 -0.14
Labour composition 0.35 0.21 -0.14
Multifactor productivity growth 0.56 -0.19 -0.75

Note: SNA: System of National Accounts.
Source: term@stat and OECD (Organization of Economic Development and Cooperation). J.R. Baldwin, W. Gu, and R. Macdonald,
2012, Intangible Capital and Productivity Growth in Canada, Table 3.

When expenditures on intangibles are reclassified as investment from intermediate inputs and
added to value added in the business sector, the adjusted real value added and labour productivity
growth were higher in the periods from 1980 to 2000 and from 2000 to 2015. This is because
expenditures on intangibles increased faster than value added in these two periods.
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The adjustment to output and labour productivity growth was larger in the period from 1980 to
2000 than in the period after 2000. As a result, incorporating intangibles made the decline in
aggregate labour productivity growth after 2000 even larger. In other words, changes in intangible
investment between the two periods do not explain the decline in aggregate labour productivity
growth after 2000.

Expanding the asset coverage to include intangible capital also affects MFP growth in the
business sector. For the period 1980 to 2000, it had little effect on the capital deepening effect
and increased MFP growth. For the period 2000 to 2015, the effect of including intangibles is to
increase the capital deepening effect and reduce the MFP growth. Therefore, the decline in MFP
growth after 2000 was larger when intangibles were included in capital input.

3.2 Natural capital and multifactor productivity growth in mining and
oil and gas extraction

MFP has been declining in the oil and gas extraction subsector since the early 1990s, and has
been declining in the mining subsector (coal, metal ore and non-metallic mineral mining) since
the early 2000s (Chart 2)."" The decline in MFP in these two subsectors accounted for a 0.4-
percentage-point decline in MFP growth in the total business sector after 2000 (Table 3).

Chart 2
Industry contributions to the decline in aggregate multifactor productivity growth from
1980 to 2000 and 2000 to 2015
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Source: Statistics Canada, author's calculation based on data from Table 36-10-0208-01.

The decline in MFP in the mining and oil and gas extraction industry does not necessarily suggest
there is a decline in technical efficiency. It may reflect the decline in the quality of ore bodies and
oil and gas deposits and an increase in the difficulties of extracting these natural resources.

The existing MFP measure does not take into account the depletion of natural resource stock or
the flow of natural capital input. When natural capital is not included in capital input, the MFP

11. The MFP in Chart 2 is calculated on value added. The MFP on gross output shows a similar trend. The decline in
MFP in the mining and oil and gas extraction industry based on the standard growth accounting framework is also
found in other countries, including Australia, the United States and the Netherlands.
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measure is biased, as the output includes the rent, while the input does not include the flow of
natural resource capital (or natural capital input) used to generate that output (Schreyer 2012;
Olewiler 2017). Research in Australia and the Netherlands shows that a substantial part of the
decline in MFP in the mining and oil and gas exploitation industry can be attributed to unmeasured
natural capital input (Topps and Kuluys 2014; Veldhuizen and de Haan 2012; ABS 2014)."?> The
resource extraction sectors in these countries involve more and more physical capital being
applied to the extraction of natural resources because they are increasingly difficult to extract.
The growth in physical capital input is higher than the growth in natural capital input, and the
growth of a capital input estimate that includes both natural capital and physical capital will be
slower than the growth in physical capital alone. Therefore, MFP growth is higher when the
depletion of natural resource stock is taken into account in Australia and the Netherlands.

Schreyer (2012) presented an extended growth accounting framework for incorporating natural
capital input in the MFP measure for the mining and oil and gas extraction industry. In the
extended framework, the volume index of natural capital input is equal to the volume index of
resource extraction, while the user cost of natural capital input is the resource rent. The resource
rent can be estimated residually and is equal to the difference between the value of the resource
extracted and the costs of capital other than natural capital calculated using an exogenous rate
of return.™

This procedure for estimating the volume index of natural capital input differs from that for
estimating the volume index of the other capital. The volume index of capital input other than
natural capital is not observed and is assumed to be proportional to capital stock. In contrast, the
volume index of natural capital input is observed and is equal to the volume of resource extraction.

An industry often uses various natural capital inputs such as coal, metal ores and non-metallic
minerals in its production. These different types of natural capital inputs need to be aggregated
to derive an aggregate measure of natural capital input. Similar to the procedure for aggregating
produced capital across asset types, the weights for the aggregation should be based on the user
costs of natural capital inputs. Adams and Wang (2015) implemented such an approach using
resource rent estimates for various types of natural capital inputs within an industry.

The resource rents by asset are often difficult to estimate as revenues and input costs must be
allocated between multiple resources for the firms that engage in the extraction of multiple natural
resource assets. For this paper, the value of natural resource assets will be used for aggregation.
This assumes that resource rent per dollar value of resources extracted is equalized across
different types of resource assets. This is the procedure used by Statistics Netherlands in its
measure of natural capital input and MFP for the mining sector (Veldhuizen and de Haan 2012).
In Canada, the choice of weights for aggregation has been found to have little effect on growth in
estimated natural capital input.

Table 6 and Chart 3 present the extended growth accounts for the oil and gas extraction and the
mining subsectors. The data on gross output, capital, labour and intermediate inputs are taken
from the CPA of Statistics Canada (Table 36-10-0217-01 formerly CANSIM table 383-0032). The
volume index of natural capital input is derived from the “make” tables of input—output accounts
and is available up to the most recent input—output table reference year, namely 2013.

12. The Australian Bureau of Statistics (ABS 2014) finds that the decline in the mining MFP is reduced significantly
when natural capital input is included in the MFP measure—from -5.8% per year to -2.2%—for the period from
2003/2004 to 2012/2013.

13. The resource rent is set equal to 0 when negative. In Canada, this occurs during the late 1980s and the 1990s,
when the prices of natural resources were low and showed large declines.
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Table 6
Multifactor productivity growth in the oil and gas extraction subsector,
1980 to 2013

1980 to 2000 2000 to 2013
percent
Real gross output 3.7 24
Contributions
Labour input 0.1 0.5
Capital input 1.6 3.0
Natural capital input 04 0.1
Intermediate input 1.8 1.6
MFP growth -0.2 -2.8
Addendum
Real output growth 3.7 24
Labour input growth 24 7.6
Capital input growth 3.9 6.7
Natural capital input growth 34 2.3
Intermediate input growth 4.8 4.6
MFP growth without natural capital -0.7 -3.6

Note: MFP: multifactor productivity.

Source: Statistics Canada, author’s calculation based on data from Table 36-10-0217-01 and the supply and use tables from the
Industry Accounts Division of Statistics Canada.

Chart 3
Multifactor productivity in the oil and gas extraction and the mining subsectors, 1980 to
2013

index (2007=100)

180

160

140

120

100

1980 1985 1990 1995 2000 2005 2010 2015

Oil and gas extraction (without natural capital) = = =Mining (without natural capital)
Oil and gas extraction (with natural capital) = ====- Mining (with natural capital)

Source: Statistics Canada, author's calculation based on data from Table 36-10-0217-01.

The growth in produced capital, inventory capital, and labour and intermediate inputs was faster
than the growth in natural capital input in the Canadian oil and gas extraction subsector from 1980
to 2013. The difference becomes larger after 2000. This reflects an increased use of traditional
natural capital input for extraction in the oil and gas extraction subsector, as oil and gas become
increasingly expensive to extract.

The extended growth accounts for oil and gas extraction in Table 6 also provide an assessment
of the contribution of natural capital input to economic growth. From 1980 to 2013, the largest
contributors to output growth in the oil and gas extraction subsector are the other capital and
intermediate inputs, followed by natural capital input and labour input. Natural capital input
contributed 0.4 percentage points to the 3.7% annual growth in gross output in oil and gas
extraction from 1980 to 2000, and contributed 0.1 percentage point to the 2.4% annual growth in
gross output from 2000 to 2013.

MFP growth without natural capital decreased in the oil and gas extraction subsector in the 1980-
to-2000 and 2000-t0-2013 periods. But the decline was much larger after 2000. It declined 0.7%
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per year in the period from 1980 to 2000, and fell 3.6% per year in the period from 2000 to 2013.
This translates into a 2.9-percentage-point slowdown in MFP growth in the oil and gas extraction
subsector over the two periods. If natural capital is included in the measurement of capital, the
decline in MFP is smaller in both periods, as is the slowdown in MFP growth after 2000. The
decline in MFP and the slowdown in MFP growth after 2000 in the oil and gas extraction subsector
are found to be partly due to unmeasured natural capital input.

Table 7 and Chart 3 present the growth accounts for the mining subsector. MFP growth without
natural capital declined in the period from 2000 to 2013 compared with the period from 1980 to
2000. MFP growth slowed from an increase of 1.6% per year to a decline of 4.1% per year from
one period to the next, which represents a 5.7-percentage-point slowdown over the two periods.
When natural capital input is included, the slowdown in MFP growth is 4.3 percentage points in
the two periods—from an increase of 1.6% per year to a decline of 2.7% per year. The decline in
MFP growth in the mining subsector is found to be partly due to unmeasured natural capital.

Table 7
Multifactor productivity growth in the mining sector (except oil and gas extraction),
1980 to 2013

1980 to 2000 2000 to 2013
percent
Real gross output 1.0 1.1
Contributions
Labour input -0.3 0.4
Capital input -0.2 21
Natural capital input 0.0 0.1
Intermediate input 0.0 1.2
MFP growth 1.6 2.7
Addendum
Real output growth 1.0 1.1
Labour input growth -1.2 29
Capital input growth -0.5 6.6
Natural capital input growth 11 0.9
Intermediate input growth -0.1 3.6
MFP growth without natural capital 1.6 -4.1

Note: MFP: multifactor productivity.
Source: Statistics Canada, author’s calculation based on data from Table 36-10-0217-01.

While incorporating natural capital input improves the measure of capital input and reduces the
decline in MFP in the oil and gas extraction and mining subsectors, there is still a long-term decline
in MFP. A better understanding of this decline in MFP growth requires microdata on the production
activities of mines and estimates of productivity growth for various resource extraction activities
such as conventional and non-convention oil extraction. Such data will decompose the decline in
MFP growth into the contribution from productivity growth in different types of mines and in
different types of resource extraction activities, and the contribution from changes in the
composition of these various mines and resource extraction activities.

3.3 Infrastructure capital and multifactor productivity growth in the
business sector

Public infrastructure capital (the nation’s roads, bridges, sewer systems and water treatment
systems) constitutes a vital input for business-sector production. It contributes to productivity in
the private business sector as it enables a concentration of economic resources, provides wider
and deeper markets for output and employment, and reduces transportation and production costs.

The contribution of public infrastructure capital to productivity growth can be examined using an
extended growth accounting framework (Mas 2006; Gu and Macdonald 2009). The growth
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accounting framework employed by statistical agencies focuses on private-sector inputs and
outputs. The impact of public capital at present is subsumed in MFP.

To explicitly analyze the influence of public capital, changes in MFP from traditional growth
accounting for the business sector are decomposed into the contribution from public capital and
MFP net of the effect of public capital. This approach adopts the usual assumptions about
constant returns to scale across private inputs and private inputs being paid their marginal
revenue product. Public capital is assumed to affect output growth, but not the substitution
between private capital and labour inputs.

Estimates of MFP net of the contribution of public capital to output growth are calculated as
t,=t, + BAING, (10)

where t, denotes MFP in the business sector from growth accounts that focus on private inputs,
t; denotes MFP growth net of the contribution of public capital, and G denotes public capital

stock in constant dollars. S is the elasticity of public capital with respect to the output of the

business sector. It indicates the percentage change in business-sector output for a given
percentage change in public capital stock. The term S.AInG in the equation measures the effect

of public capital on business-sector output and productivity growth.

AA
The output elasticity S, can be written as ,HG :E—, where A denotes value added in

A AG
constant dollars, and AA/ AG is the marginal product of public capital. If there is a competitive
market for the provision of public capital, the value of marginal product of public capital is equal
to the user cost of public capital, and the output elasticity of public capital is equal to the share of
the cost of public capital in the value of the business-sector output:

c.G
P =——,c,=P.(y +6-n), (11)
G PAA G G

Where C is the user cost of public capital, 7 is the nominal rate of return, J is the depreciation
of public capital and 7 is capital gains for public capital or percentage changes in the investment
price for public capital. P; is the investment price for public capital, while P, is the price of the
business-sector output.

In general, the rate of return in the equation can be interpreted as the return to investment in
public capital. A large number of studies have estimated the output elasticity and the implied rate
of return to public capital. Gu and Macdonald (2009) reported an estimate of the elasticity of output
with respect to public infrastructure capital of around 0.1 for the Canadian business sector. The
implied rate of return from the elasticity is similar to the nominal after-tax return to capital in the
business sector.

Gu and Macdonald (2009) examined the contribution of public infrastructure capital to productivity
growth in the business sector for the period from 1961 to 2006. Their results are extended to more
recent years in Table 8. The stock of public capital includes the public capital stock of
governments and the public health and education sectors. It consists of roads, bridges, sewer
systems, water treatment systems, schools and hospitals. The output elasticity of public capital in
Equations (10) and (11) is estimated assuming that the rate of return to public capital is equal to
the after-tax return on capital in the business sector.
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Table 8

Contributions of public capital to multifactor productivity growth in the business sector,
1980 to 2015

1980 to 2000 2000 to 2015

percent
MFP growth 0.4 -0.2
Public capital contribution 0.1 0.2
MFP growth net of public capital 0.4 -0.4

Note: MFP: multifactor productivity.
Source: Statistics Canada, author’s calculation based on data from Table 36-10-0208-01.

Chart 4 presents the growth of public capital stock and business-sector capital stock for the period
from 1980 to 2015. During the 1980s and 1990s, the growth in public capital was slower than the
growth in capital stock in the business sector as a period of cross-country highway expansion in
the 1960s came to an end. In the 2000s, the growth in public capital exceeded the growth in
business-sector capital, as a result of large investments in infrastructure from the government’s
economic stimulus program during this period.

Chart 4
Annual growth in public capital stock and business capital stock,
1980 to 2015

percent

1980 1985 1990 1995 2000 2005 2010 2015

----- Public capital

Business capital

Source: Statistics Canada, author's tabulation from the underlying data for Table 36-10-0208-01.

Table 8 presents the contribution of public capital to the business sector. Over the period from
1980 to 2000, public capital contributed up to 0.1 percentage points to average MFP growth in
the business sector. After 2000, the contribution of public capital to the business-sector MFP
growth picked up as a result of increased investment in public infrastructure during this period. It
contributed 0.2 percentage points to MFP growth in the business sector for the period from 2000
to 2015.

MFP growth declined in the business sector in the period from 2000 to 2015, compared with the
period from 1980 to 2000. This decline in MFP growth is not due to the declining effect of public
capital. In fact, the effect on public capital increased after 2000 as a result of increased investment
in public capital in this period.
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4  Capacity utilization and multifactor productivity growth
in manufacturing

Productivity statistics published by Statistics Canada and most other statistical agencies do not
correct for short-run variations in capacity utilization. As a result, the changes in MFP growth will
reflect the changes in capacity utilization in the short run. In this section, MFP growth is adjusted
for short-term changes in capital utilization so that MFP growth better measures technological
progress.

Correcting for the effect of variations in capacity utilization is important when rates of capacity
utilization change. Canada has recently experienced a resource boom and an appreciation of the
Canada—United States exchange rate. Based on microdata on plant adjustments to pressures
arising from changes in export markets and resulting declines in capacity utilization, Baldwin, Gu
and Yan (2013) showed that that the decline in the standard measure of MFP during the early
part of the 2000s was partly due to the decline in capacity utilization.

Numerous studies have tried to adjust the MFP measure for capacity utilization. But as Berndt
and Fuss (1986) noted, the adjustment is mostly ad hoc, because it lacks a theoretical framework.
Gu and Wang (2013) developed a non-parametric procedure for such an adjustment.
The adjustment procedure is based on the economic theory of production. Capacity utilization is
measured based on the comparison of the ex-post return with the ex-ante expected return on
capital. This is intuitively appealing, because changes in the ex-post return on capital should
mainly reflect the variation in capacity utilization. A higher level of unused capital and the resulting
lower level of capacity utilization should be associated with a lower ex-post rate of return, which
is calculated on the actual level of capital. Similarly, a higher level of capacity utilization should
be associated with a higher ex-post rate of return on the actual level of capital.

More specifically, the ratio of the user cost of capital based on the ex-post return on capital to the
user cost of capital based on the ex-ante return is used to measure capacity utilization.
MFP growth is adjusted for changes in capacity utilization using the following equation:

t, =t + o A In(PY P | R ), (12)

cost

Where t,' is the utilization-adjusted MFP growth based on value added, and «,™ is the share of
capital costs in the sum of capital and labour costs.

In Equation (12), the ratio of ex-post to ex-ante user cost of capital should be used to adjust the
guantity of capital input rather than the price of capital input. This is in contrast to Berndt and
Fuss (1986), who argued that the ex-post user cost of capital should be used to value the price
of capital input to take into account changes in capacity utilization in measuring MFP. However,
as Basu and Fernald (2001) and Hulten (2009) have observed, the Berndt and Fuss procedure
does not provide a solution for the issue of capacity utilization in the measurement of MFP.

The measure of capacity utilization used to adjust MFP growth for changes in capacity utilization
is constructed as the ratio of the ex-post user cost of capital to the ex-ante user cost of capital.
The ex-post user cost of capital is estimated using the five-year moving average of the real internal
rate of return.' This measure of capacity utilization declined from 2000 to 2009, accompanied by
a decline in output and employment, and then increased after 2009, accompanied by an increase
in output and employment. This trend is consistent with the trend in the industrial capacity
utilization rate, which is obtained from the Capital and Repair Expenditures Survey (CAPEX).

14. Gu and Wang (2013) used the nine-year moving average and found similar results on the effect of utilization
adjustment on MFP growth.
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This rate measures the intensity with which industries use their production capacity and
represents the percentage of actual output to potential output.

Table 9 presents MFP growth in manufacturing. Changes in capacity utilization have little effect
on MFP growth over the long run. But the changes in capacity utilization have a significant effect
on MFP growth in the short run. For example, over the period from 2000 to 2009, MFP without
utilization adjustment declined by 0.9% per year. In contrast, MFP adjusted for capacity utilization
increased by 0.3% per year over the same period.

Table 9
Multifactor productivity growth adjusted for capacity utilization in manufacturing, 1980 to 2015
1980 to 2000 2000 to 2009 2009 to 2015
percent
MFP growth 2.1 0.9 22
MFP growth adjusted for capacity utilization 2.2 0.3 1.4

Note: MFP: multifactor productivity.
Source: Statistics Canada, author’s calculation based on data from Table 36-10-0208-01.

MFP growth declined in the period from 2000 to 2009 compared with the period from 1980 to
2000. Specifically, it declined from an increase of 2.1% per year to a decline of 0.9% per year—
a slowdown of 3.0 percentage points in MFP growth over the two periods. When changes in
capacity utilization are taken into account, the decline is smaller, from an increase of 2.2% per
year to an increase of 0.3% per year in the two periods. This decline in MFP growth is found to
be partly due to the decline in the utilization of capital from 2000 to 2009 in manufacturing.

After 2009, output and employment showed positive growth, and capacity utilization increased.
MFP increased by 2.2% per year for the period from 2009 to 2015. The positive MFP growth was
largely due to an increase in capacity utilization. MFP adjusted for capacity utilization increased
by 0.4% per year."®

15. The utilization adjustment based on a comparison of the ex-post user cost with the ex-ante user cost can be done
for the period up to 2011, for which nominal value added and capital income are available. Capacity utilization in
more recent years is extended using the industrial capacity rates from CAPEX.
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5 Do measurement issues matter in slower labour
productivity growth after 2000?

Table 10 presents the effect on MFP growth in the business sector when public capital, natural
capital and changes in capacity utilization are incorporated. MFP growth slowed in the business
sector in the period from 2000 to 2015, compared with the period from 1980 to 2000. It declined
by 0.61 percentage points in the two periods, from an increase of 0.43% per year to a decline of
0.18% per year.

Table 10
Mutifactor productivity in the business sector with various adjustments, 1980 to 2015

2000 to 2015

1980 to 2000 2000 to 2015 less 1980 to 2000
percent

MFP growth 043 -0.18 -0.61
Changes to MFP growth from including the effects of

Intangible capital 0.13 -0.01 -0.14

Natural capital 0.04 0.13 0.09

Public capital -0.08 -0.23 -0.15

Changes in capacity utilization 0.02 0.09 0.07

Adjusted MFP growth 0.54 -0.20 -0.75

Note: MFP: multifactor productivity. The overall adjustment is the sum of the adjustments for public capital, natural capital and capacity
utilization.
Source: Statistics Canada, author’s calculation based on data from Tables 36-10-0208-01 and 36-10-0217-01.

When natural capital and changes in capital utilization are taken into account, MFP growth slowed
by 0.45 percentage points in the two periods, from 0.49% per year to 0.04% per year. About 0.16
percentage points, or 25%, of the decline in MFP growth in the Canadian business sector in the
period from 2000 to 2015, compared with the period from 1980 to 2000, is due to an increase in
the use of produced capital and in the intermediate inputs required to extract natural resources,
with declining ore grades and declining capital utilization in manufacturing.

The decline in labour productivity and MFP growth is not due to changes in intangible and
infrastructure capital after 2000. Infrastructure capital contributed to an acceleration of labour
productivity and MFP growth after 2000 as a result of a large increase in infrastructure investment
in this period. The decline in MFP growth was larger after 2000 when an adjustment was made
for the effect of infrastructure and intangible capital.
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6 Conclusions

Labour productivity and multifactor productivity (MFP) growth declined in the Canadian business
sector after 2000. This paper focuses on the role of measurement issues in the slower productivity
growth observed in Canada. First, it extends the asset coverage in the capital input measure to
include natural capital, intangible capital and public infrastructure capital so as to examine the
role of these capital assets in explaining the recent trend in productivity growth. Second, it takes
into account the changes in capital utilization so as to examine the role of these changes in
accounting for slower productivity growth in the Canadian manufacturing and business sectors.

The paper finds that only 25% of the decline in MFP growth in the Canadian business sector in
the period from 2000 to 2015, compared with the period from 1980 to 2000, is due to an increase
in the use of produced capital and in the intermediate inputs required to extract natural resources
with declining ore grades, and declining capital utilization in manufacturing. The decline in labour
productivity and MFP growth is not due to changes in intangible and infrastructure capital after
2000. Infrastructure capital contributed to an acceleration of labour productivity and MFP growth
after 2000 as a result of a large increase in infrastructure investment in this period. The decline in
MFP growth was larger after 2000 when an adjustment was made for the effect of infrastructure
and intangible capital.

Labour productivity and MFP growth slowed in almost all advanced economies (OECD 2016).
Byrne, Fernald and Reinsdorf (2016) examined the role of measurement issues in the slower
productivity growth in the United States. Baily and Montalbano (2016) reviewed the research on
measurement issues in connection with the U.S. productivity growth slowdown. The results for
Canada and the United States suggest that measurement issues alone cannot explain the
slowdown in productivity in advanced economies in recent decades. Future research should focus
on the role of other factors in the recent productivity growth slowdown in advanced
economies—factors such as innovation, dissemination of innovation, lack of competition, and
decline in business dynamism.
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