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A.1 Introduction

This appendix describes the concepts and methods underlying Statistics Canada’s indi-
ces of productivity growth. Its primary objective is to provide an accessible guide to the
various productivity measures produced by Statistics Canada within a coherent frame-
work that strikes a balance between theoretically desirable characteristics of productiv-
ity measures and the reality of data availability. A second objective is to indicate how
Statistics Canada’s productivity measures compare with those produced by the U.S.
Bureau of Labor Statistics and the Organisation for Economic Co-operation and Devel-
opment (OECD) for cross-country comparison purposes. Finally, the appendix pro-
vides comments on some of the conceptual and empirical obstacles to further
improvements in the measure.

The publication of productivity measures has long been an important activity of Statis-
tics Canada. This measurement program has evolved over the years, stimulated by
changes in data availability, by new developments in the economics literature, and also
by the needs of data users. Following the development of the Canadian System of Na-
tional Accounts (CSNA) after the Second World War, Statistics Canada introduced labour
productivity measures for the aggregate business sector and its major constituent
subsectors.! More recently, the agency has developed measures of multifactor produc-
tivity. These measures, which consider the productivity of a bundle of inputs (labour,
capital, and purchased goods and services?), are often used as ‘red flags’ to measure the
extent to which economic performance differs across industries, across countries and
over time.

Statistics Canada’s productivity program has the following characteristics often shared
by those of other statistical offices. First, it focuses exclusively on comparisons based
on productivity growth measures as opposed to productivity levels. At present, rates of
change are preferred because they avoid methodological and data problems associated
with productivity level comparisons. Second, the program produces various kinds of
productivity measures of the business sector and its major constituents (subsectors and
industries).

The definition of business sector used for productivity measures excludes all non-commercial
activities as well as the rental value of owner-occupied dwellings. Corresponding exclusions
are also made to the inputs. Business gross domestic product (GDP), as defined by the
productivity program, represents 71% of the economy GDP in 1992. The business sector is
split into the following major subsectors: goods-producing, services and manufacturing. The
goods-producing subsector consists of agriculture, fishing, forestry, mining, manufacturing,
construction and public utilities. Services comprise transportation and storage, communications,
wholesale and retail trade, finance, insurance and real estate, and the group of community,
business and personal services.

Purchased goods and services are known as intermediate inputs in the CSNA.
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A.2  Theory and concepts

A.2.1 Productivity measures

Productivity growth is commonly defined as the difference between the percentage
change of a measure of output and the percentage change of a measure of inputs used. It
is meant to capture the growth in productive efficiency arising from technical progress.
Productivity growth is the growth of output not accounted for by the growth of an input
or inputs.

There are various productivity growth measures. The choice between them depends on
the purpose of productivity measurement and, in many instances, on data availability.
In general, productivity measures can be grouped into two broad categories:

1. The first is single-factor productivity where growth in output is compared with
growth of input. The most commonly used single-factor productivity measure is

labour productivity (LP) growth , measured as:
ALP=AQ—-AL, (1)

where A refers to discrete changes in percentage with respect to time; ¢ and
L represent, respectively, output and labour.

Although labour productivity growth is an important measure, it is not the only
way to measure gains in productive efficiency. Economic performance as mea-
sured by labour productivity must be interpreted carefully, since these estimates
reflect changes in the other inputs (e.g., capital) in addition to growth in produc-
tive efficiency. The production of output requires the combination of all inputs
in a technologically feasible manner. Hence, productivity is also measured in a
way that compares output with the combined use of all resources, not just labour.
For example, the construction of a complex plant with substantial expenditures
on capital equipment but only minimal operating expenditures for labour may
generate an apparently impressive labour productivity index, but the total amor-
tized capital, plus labour cost may be much higher than those of a less complex
but slightly more labour-intensive plant that would be more efficient while yield-
ing a smaller labour productivity index. For these reasons, caution is in order in
the interpretation of either rapid gains or 'disturbing slowdowns' in labour pro-
ductivity growth. This sentiment is shared, incidentally, by both labour econo-
mists and productivity analysts (Griliches 1980; Rees 1980).

2. Users are therefore encouraged to consider a second way of measuring productiv-
ity growth, one that complements labour productivity growth. This second mea-
sure is known as multifactor productivity growth (MFEP ), the difference in the
growth in output (()) minus the growth in a bundle of inputs (I ):

AMFP=AQ—-ATI, )

Multifactor productivity growth is often characterized as arising from an outward
shift in the production function resulting from technical progress. The concept of
multifactor productivity, developed by Solow (1958), depends, for the sake of sim-
plicity, upon the assumptions of constant returns to scale, perfect adjustments to
the inputs and competitive markets. It measures technical progress as a residual;
that is, the growth of the output is not due to the growth of the inputs. But Solow
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Table A1.1 Most commonly used concepts of productivity

Concept of inputs Concept of output

Gross output

Labour -
Capital =
Combined capital and labour -
Combined capital, labour, energy,

Value added

Labour productivity

Multifactor productivity

materials and services Multifactor productivity -

also acknowledged that multifactor productivity so measured reflects many other
influences, because it is calculated as a residual.

Other research has made contributions facilitating the implementation of the multi-
factor productivity framework by statistical agencies. Domar (1961) demonstrated
how a system of industry and aggregate production functions could be used to
produce a set of industry productivity measures that are consistent with the aggre-
gate measures for the economy as a whole. Jorgenson and Griliches (1967) showed
how detailed data could be used to construct a capital aggregate without making
strong assumptions about the relative marginal products of dissimilar assets. Also,
it was recognized that fixed-based formulas could introduce bias into the aggregat-
ing process. Diewert (1976) showed how production functions could be used to
provide a basis for determining which index number formulas were least restric-
tive. He developed a number of arguments detailing the attractive properties of
superlative indices.

Measures of productivity differ partly because of the comprehensiveness of inputs
covered. They also differ in terms of the measure of output used. There are two
major distinctions—whether output is measured by value added or by gross final
output. Table A1.1 lists a variety of single-factor and multifactor productivity con-
cepts that are generally used for different analytical purposes. In the first case, the
bundle of inputs consists of labour and capital. In the second case, it consists of
labour, capital, energy, materials, and services.

A.2.2  Qutput and inputs

A.2.2.1 Output current prices

The information needed for the measurement of production activity is drawn from the
income statement of individual businesses. In the income statement, revenues come
mainly from sales; costs of goods and services sold include mainly purchased goods
and services and labour compensation (wages and salaries and supplementary labour
income).

Rearranged and modified, the income statement for the business unit provides the pro-
duction account that constitutes the starting point for deriving the input-output accounts
of an industry. The production account, derived from the income statement through
some suitable modifications,’ records the production attributable to the business unit in

3 These modifications are necessary because sales (shown in the income statement) are not
equal to the value of production. Sales are not equivalent to gross output because the business
unit may either make sales from inventories of finished goods produced in previous periods or
place current production in inventories. Thus, gross output is obtained as the sum of sales and
the value of changes in inventories.
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Table A1.2 Production account of producing units A1 and A2

Uses Resources
Producing unit A1l
Labour compensation 380 Gross output +1,000
Surplus or compensation of capital +120
Producing unit A1 120
Producing unit A2 +300
Industry B + 80
Purchased goods and services -500
Charges against output 500 Value added 500
Producing unit A2
Labour compensation 150 Gross output 300
Surplus or compensation of capital + 50
Producing unit A1 50
Producing unit A2 + 0
Industry B +50
Purchased goods and services -100
Charges against output 200 Value added 200

Table A1.3 Production account of industry A (consolidation of producing units A1 and A2)

Uses Resources
Labour compensation 530 Gross output 1,300
Surplus or compensation of capital +170 Intra-industry flows of goods and services -470
Gross output net of intra-industry transactions 830
Purchased goods and services (industry B) -130
Charges against output 700 Value added 700

terms of both goods and services produced and the income payments and other costs
arising in production.

For the sake of an illustration, consider a business sector with two industries A and B,
where A comprises two producing units A1 and A2. Table A1.2 displays the production
accounts of these two units. For example, to produce $1,000 of output, the unit Al
consumes a portion of'its own output ($120), a portion of the output produced by indus-
try B ($80) and the whole output of the unit A2 ($300); it also hires employees who are
paid $380. Once the employees and the purchased goods and services have been paid,
the unit A1 is left with a residual of $120 to compensate the owners of capital.

The production account gives rise to two concepts of output. The first is value added,
which is the sum of compensation of the primary inputs—Ilabour and capital; this is also
known as gross domestic product (GDP). The second is gross output, which is the sum
of value added and the value of purchased goods and services. Value added constitutes
an unduplicated measure of output. In addition, the sum of value added across all pro-
ducing units is invariant to the degree of vertical integration between those units. In that
sense, value added is perfectly additive. Table A1.3, which consolidates the informa-
tion of the production units A1 and A2, shows that value added remains the same. By
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contrast, gross output suffers from double counting as the value of purchased goods and
services by a unit has already been counted as output of another unit and the consolida-
tion of producing units will change the measure of gross output.

Different measures of output are adopted by productivity practioners, depending on
how they treat those transactions that occur within industry A (the consolidation of
units Al and A2), i.e., intra-industry deliveries of intermediate inputs. If the producing
units Al and A2 were integrated together into a single consolidated ‘establishment’
covering the whole industry A, then intra-industry purchases are netted out and gross
output is then defined net of intra-industry transactions.* The production accounts of
producing units A1 and A2 indicate that the inclusion of intra-industry flows of pur-
chased goods and services adds identically to both the input and output side of industry
A’s production account, as the value of gross output and the value of purchased goods
and services change with the exclusion of intra-industry transactions (Table A1.3).

The process of vertical integration may be pushed one step further to cover not only
intra-industry sales but also inter-industry sales. The establishments of an industry may
be integrated with their upstream suppliers, which may themselves be integrated up-
stream with their own suppliers. The associated concept of output in this case is called
inter-industry output as it takes into account the inter-industry transactions (Rymes 1972;
Wolfe 1991; Durand 1996). Under full integration, the output of industries becomes a
function of the direct use of the industries’ own primary inputs and the indirect use of
the primary inputs of all upstream suppliers.

Constant prices

Productivity measures require estimates of real output produced and real inputs used in
the production process. This is done by estimating the value of output and inputs in
constant prices. The notion of constant prices is not one that can be defined in terms of
physical units of output and inputs. There is no meaningful way to tally up, on a com-
mon physical unit of measurement, the diverse range of goods and services found in the
economy. Rather, the aggregation is performed in monetary terms as the value, at fixed
prices, of the goods and services included in the output and inputs.

The technique employed for deriving constant price series of value added is known as
the ‘double deflation’ method. This involves deflating the gross output and the interme-
diate inputs separately and subtracting one from the other. This derivation of industry
real output circumvents the problem of deflating the compensation of primary inputs,
an alternative that could be used.

A.2.2.2 Inputs
Labour input

Over time the composition of the labour force has changed significantly in Canada, as
in many other developed countries: more jobs are non-standard (part-time, temporary
and self-employed); the distribution of hours worked has become more polarized (the
number of persons working both short and long hours has steadily increased over the
last two decades). If labour is measured in terms of number of employees, no consider-
ation is given to the fact that some employees work a standard workweek and others do
not. Measuring labour input as the number of hours worked deals with this aspect of
heterogeneous labour input.

4 This concept of output net of intra-industry transactions is also known as sector output (Gollop
1979).
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Labour also varies considerably in terms of quality. For example, education has been
increasing. Measuring labour input may be done either via simple aggregates or by
aggregating different types of labour using different weights, based on their relative
wage rate. The former ignores differences in quality. The latter adjusts for quality dif-
ferentials by assuming that they are reflected in relative wage rates.

Capital input

Capital input shares some of the same characteristics as labour input. Capital goods
purchased or rented by a firm also constitute repositories of capital services, much like
employees hired for a certain period of time who can be seen as carriers of human
capital and, therefore, as repositories of labour services. There is, however, an impor-
tant difference between labour and capital: except for rented capital, no market transac-
tion is actually recorded when capital provides services to its user. Therefore, unlike
labour, no explicit price and quantity of the service rendered can be observed for capi-
tal. An implicit measure of the price of capital services, derived from the ratio of capital
compensation to the stock of capital, captures the internal rate of return used in the cost
of capital formula. This measure, which varies only across industries, is used to con-
struct capital services at the level of the business sector or its subsectors (such as manu-
facturing and services).

As with labour, measures of capital growth can be made as simple aggregates across
capital types (machinery versus buildings) or by weighting the different asset classes
by weights that reflect differences in the capital services yielded by a dollar of assets in
each category.

Intermediate inputs

Estimates of intermediate inputs such as energy, materials and services in current and
constant prices are required for the construction of gross output, value added and, ulti-
mately, multifactor productivity series. The weighted sum of the growth rates of inter-
mediate inputs in constant prices enters into the calculation of a) value added in constant
prices (double deflation technique) and b) multifactor productivity estimates based on
gross output. The weights of intermediate inputs are defined as the ratio of the value of
each intermediate input to gross output in current prices.

A.3 Measurement framework

A.3.1 Productivity measures at Statistics Canada

Statistics Canada publishes several sets of productivity measures for the Canadian busi-
ness sector and its major constituent subsectors (goods producing, services and the
manufacturing subsectors) and industries. Each set of measures involves a comparison
of the growth in output and input measures, but each relies on a different methodology.
The concept of business sector excludes general government, private households, non-
profit organizations and the CSNA imputation of the rental value of owner-occupied
dwellings. The business sector thereby excludes activities where it is difficult to draw
inferences on productivity from the CSNA output measures. Such inferences would be
questionable mainly because the CSNA output measures in these areas are based largely
on incomes of inputs in constant prices, where productivity growth must therefore be
zero by construction.

The traditional measure of labour productivity—output per hour—constitutes the first
measure of productivity introduced by Statistics Canada in the early 1960s. Output,
measured net of price change, is compared to labour input, measured as hours at work
in the corresponding sector or industry.
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The second set of measures covers multifactor productivity. In these measures, output
is again measured net of price changes, but the input measure is an aggregate of hours
worked and capital service flows. Multifactor productivity estimates have been devel-
oped in recognition of the role capital growth plays in output growth.

Both labour and multifactor productivity estimates have been published annually since
1961 and are updated on a yearly basis following the annual revisions made by the
CSNA. Labour productivity estimates are published for 109 industries, compared with
101 for multifactor productivity as capital stock estimates are not always available at
the same level of industry detail as the input-output tables.’

Statistics Canada’s productivity estimates are based on a bottom-up approach to pro-
ductivity measurement. Productivity indices are estimated with the most detailed data
available by industry and by goods and services. Productivity indices are computed for
147 industries in the case of labour productivity and 122 industries in the case of mul-
tifactor productivity and then aggregated by steps up to the total business sector. This
approach, which takes advantage of homogenous information available at a fine level
of detail, proves to be superior to the aggregated approach as it significantly improves
the quality of the measured aggregate productivity indices.®

A.3.1.1 Labour productivity and related measures

Labour productivity, calculated as the difference in the growth rate between GDP at
basic price and the number of hours are available at the L-level of input-output tables
(147 industries of the business sector). Appendix 2 provides a list of various levels of
aggregation used by the productivity program. Since input-output tables are usually
three years behind the reference year,” more current estimates are produced by using
projections of GDP for a high level of aggregation—16 industries (the S-Level of in-
put-output tables). These projections are based on a regression model developed by
Mirotchie (1996), where the Fisher GDP is regressed on the Laspeyres GDP and a set
of three time dummy variables capturing the lag between the reference year and the last
year for which input-output tables are available.

Parallel to the labour productivity indices, Statistics Canada’s productivity program
also produces other performance indicators, such as indices of compensation per hour
and unit labour cost. Indices of compensation per hour measure the hourly cost to em-
ployers of wages and salaries, as well as supplemental payments, which include em-
ployers’ contributions to employment insurance taxes and payments for private health
insurance and pension plans.

Unit labour costs measure the cost of labour input required to produce one unit of out-
put. The index of unit labour costs is derived by dividing the compensation index in
current dollars by the output index.

Input-output tables, which constitute the major source of data used in the productivity estimates,
provide information on input and output for 167 industries. See section A.3.2, “Estimation
procedures and data sources.”

As stated by Jorgenson (1990), the assumptions that are necessary to admit the existence of an
aggregate production function are rather heroic. Its existence requires that such a function be
the same for all industries and that producers face identical prices. He showed that estimates
of productivity made at the aggregate level under these assumptions may significantly depart
from those obtained by aggregating detailed industry productivity estimates, based on less
stringent assumptions.

7 The reference year is the most current year for which annual series can be produced.

=N
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A.3.1.2 Multifactor productivity

The productivity program produces four categories of multifactor productivity indices,
each of which responds to a different analytical need:

1. Atthe level of the business sector or its sub-sectors, multifactor productivity indi-
ces are measured as the value-added output per combined unit of labour and capital
input.

2. At the industry level, comparisons of gross output (i.e., value-added p/us interme-
diate inputs) with a broader set of inputs constitute a second category of multifactor
productivity indices, known as the industry indices. They measure the growth in
the gross output of an industry not accounted for by the growth in all of its inputs
(capital, labour and the intermediate inputs, which are the materials and services
purchased from other industries). These indices do not take into account the pro-
ductivity gains that take place in the (upstream) industries that produce these inter-
mediate inputs.

3. Intra-industry multifactor productivity indices, in which intra-industry sales are
netted out from gross output, constitute a variant of the industry indices. In this
instance, multifactor productivity growth is computed as if all establishments in a
particular industry were integrated together into a single consolidated establish-
ment covering the whole industry. That establishment sells all its output outside the
industry and purchases all its intermediate inputs outside the industry. Accordingly,
intra-industry purchases are excluded in the intra-industry integrated inputs.

4. None of the above multifactor productivity indices of a particular industry accounts
for the productivity gains made by its upstream suppliers. By contrast, the inter-
industry multifactor productivity indices do just that. They also include the pro-
ductivity gains realized in the upstream industries supplying intermediate inputs.?

The inter-industry index measures the growth in the output of an industry not accounted
for by the growth in all its primary inputs as well as by the growth in the primary inputs
used in the production of its intermediate inputs by its direct and indirect industry sup-
pliers. The inter-industry productivity indices take into account all the primary inputs
that have been used in the business sector as a whole to produce a given bundle of
goods and services. They may be seen as productivity indices attached to commodity
bundles rather than to industries (Durand 1994).

These four measures clearly show that the concept of multifactor productivity can be
defined for various industrial aggregation levels and also for various levels of vertical
integration (measures 3 and 4) (see Figures 1 to 5). This variety of multifactor produc-
tivity indices are produced to satisfy various analytical needs expressed by data users.
For example, in an effort to assess the performance of an economy as a whole in the
production of some bundle of goods, it would be inappropriate to consider the declining
industries with low productivity gains without also looking at the performance of the
industries supplying them with goods and services. The ability of sellers of automobiles
to pass on price savings due to productivity gains arises from productivity improve-
ment not just in the auto assembly sector but also in auto parts, plastic, rubber, and a
host of other upstream industries.

8 The concept and the empirical estimates were first introduced by Cas and Rymes (1991).
However, contrary to Cas and Rymes, the inter-industry multifactor productivity estimates
produced by Statistics Canada include the capital stock in the primary inputs rather than in
intermediate inputs.
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Figure 1. Business Sector
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Figure 2. Business Sector excluding Agriculture
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Figure 3. Business Sector — Goods Producing Industries
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Figure 4. Business Sector — Services Producing Industries
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Figure 5. Manufacturing Industries
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It is important to note that there are significant differences in the empirical estimates of
different multifactor productivity measures (see Figures 1 to 5). The higher in the value
added chain the estimate goes, the larger will be the productivity estimate. Compari-
sons that are made across countries that do not use the same level in the chain will
contain inherent biases.

The relationship between the various multifactor productivity indices that are produced
can be derived in a straightforward fashion.

The productivity growth estimates calculated using value added of an industry is just
equal to the productivity growth estimates using gross output multiplied by an inflation
factor, where that factor is equal to the industry’s nominal gross output divided by its
nominal value added. That is,

MFP,, = (%) x MFE, 3)

where MF'F,, is multifactor productivity based on value added, MFF,, is multifac-
tor productivity based on gross output, G is nominal gross output, and VA is nominal

value added.
In the same way, intra-industry multifactor productivity using intra-industry value added

is just

MFP, = (&) x MFF, )

N
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where MFP,, is the intra-industry index, MFF,, is the gross output index, G is nominal
gross output and G is the nominal gross output of an industry net of intra-industry
sales.

Aggregating all industries together using the intra-industry measure of productivity is
equivalent to considering all intermediate sales as intra-industry sales and leads to the
elimination of all intermediate transactions in the business sector. This is equivalent to
producing aggregate productivity measures based on value added. Because of vertical
integration, the aggregate measure tends to be larger than the average of the industry
measures. As a result, the higher the level of integration shown by the productivity
measures, the higher the productivity gains (Durand 1996).

Like labour productivity, multifactor productivity estimates at a high level of industry
detail are three years behind the reference year, but current information, based on a
projection model, is available for the whole business sector and its major subsectors
(Mirotchie 1996). For the multifactor productivity estimates, the model projects current
information on the Fisher indices of GDP, capital stock and hours, on the basis of the
Laspeyres indices of these variables and dummy trend variables.

A.3.1.3 Availability of results

New results on labour productivity (and related measures) and multifactor productivity
(compensation per hour and unit labour cost) announced in Statistics Canada’s official
news release, The Daily, are published twice a year. These estimates are highly current
for major sub-sectors of the business sector (one year behind the reference year) but
they are three years behind the reference at the industry level. A limited amount of the
most current data is provided in the news releases, but the historical series can be ac-
cessed from Statistics Canada’s CANSIM database or from its Web site at
www.statcan.ca. A list of CANSIM matrices can be found in Appendix 4.

Preliminary estimates of labour productivity indices and related measures (unit labour
cost and compensation per hour) are generally announced in late April each year (every
June for the multifactor productivity estimates). The revisions to the labour productiv-
ity estimates (and their related measures), along with the production of more current
information at the industry level, are published in November (December for revised
multifactor productivity estimates) of the same year, following the release of the input-
output tables’ results.

A.3.2 Estimation procedures and data sources

A.3.2.1 General overview

In order to produce productivity growth estimates, various data sources from Statistics
Canada’s survey areas and the System of National Accounts are integrated. In particu-
lar, the productivity program requires data from the following:

1. the Input Output Division, which provides the structure of the economy (in terms
of industries, the commodities produced and used, and how they change over time)
in both current and constant prices that is so essential to the production of aggre-
gate estimates that are built from the ground up at the industry level;

2. the Labour Statistics Division, which provides employment numbers and hours
worked to estimate the labour input;
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3. the Investment and Capital Stock Division, which provides estimates of year-end
net capital stock to estimate capital input; and

4. the Industry Measures and Analysis Division, which produces current estimates of
GDP in constant prices, for preliminary estimates of productivity for the three most
recent years.

Data that come from these different sources are conceptually adjusted and reconciled
for accuracy and consistency. As such, the production of productivity measures serves
as an important source of quality control on the various data series that are used in the
productivity program. In almost all cases, the data received are transformed into a form
that is appropriate for the calculation of productivity estimates. Using the raw data
would be inappropriate, or at least would provide productivity estimates that are not as
precise as required.

Efforts are made to integrate the data to ensure that measures of outputs and inputs
cover the same sectors. For example, industry coverage of the productivity measures
includes tenant-occupied housing but does not cover owner-occupied dwellings. Pub-
lished measures of capital stock do not distinguish between these two activities. There-
fore, measures of capital for tenant-occupied housing are derived for the purposes of
productivity estimation.

The input-output tables are used to take into account changes in the industrial structure
in the weighting procedures that calculate rates of change of outputs and inputs. Calcu-
lated rates of change in inputs or outputs are sensitive to the weights that are used to
aggregate the 469 commodities that make up outputs or inputs. If these weights are not
calculated correctly, estimates of rates of change will be incorrect. Using the input-
output tables, the methodology in place allows these weights to change each year (us-
ing a Fisher chain weight) so as to keep the industrial structure up to date—both in the
calculation of changes in inputs and changes in outputs.’

A.3.2.2 Output and input data: Transformation and integration

Statistics Canada’s productivity measures are closely linked to the input-output tables.
The input-output tables, along with data on hours and capital stock in constant prices,
are used to produce the various measures of productivity growth. The production of the
annual productivity estimates requires several transformations to the raw data. These
transformations involve: a) the choice of the level of aggregation; b) the selection of
business sector industries; ¢) the decision on the valuation of the outputs and inputs;
and d) the assumptions on the compensation of primary inputs. Once these transforma-
tions are implemented, the resulting data on input and output are integrated with hours
and capital stock data.

Transformation of data

Level of detail: Annual input-output data are imported from the input-output tables at
the L-level (link) of aggregation from 1961 to the most recent year (usually three years
behind the reference year) and include both business and non-business industries. This
is the most detailed level for which there is a consistent definition of industries and
commodities across all years. All in all, the make (output) and use (intermediate inputs)

° Input-output tables in constant prices make use of Laspeyres indices of quantities chained
every five years.
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matrices of input-output tables have 167 industries (147 non-dummy business indus-
tries and 7 dummy business industries for a total of 154 business industries and 13 non-
business industries) and 469 commodities excluding indirect taxes and subsidies and
compensation of the primary inputs. Indirect taxes and subsidies by commodity and by
industry are compiled separately from the intermediate inputs to which they apply.

Compensation of primary inputs includes the following items applicable to incorpo-
rated businesses operating in all industries: wages and salaries and supplementary in-
come for the compensation of labour, and other operating surplus for the compensation
of capital. Mixed income includes the compensation of labour and capital employed by
the unincorporated portion of the business sector.

Coverage of the business sector: Since productivity cannot be measured for non-busi-
ness industries (general government, private households, non-profit organisations and
owner-occupied dwellings) these industries are excluded from both the make and the
use matrices in current and constant prices.!° The same holds true for dummy industries
that are fictitious industries in the input-output tables created to route real commodity
consumption to other industries via dummy commodities.

In principle, dummy industries have to be excluded since they have no primary inputs
and have intermediate inputs that grow at the same rate as their output, which leave
them with zero productivity gains. The exclusion rules are the same as those applied to
non-business industries. Therefore, only the 147 non-dummy business industries are
retained in the production of productivity estimates.

The owner-occupied portion of residential housing classified in the Finance, Insurance
and Real Estate subsector is excluded from the coverage of the business sector for two
reasons: a) there is no adequate accounting of labour input of this industry and b) since
the U.S. Bureau of Labor Statistics does not account for this industry for the same
reasons, it allows Statistics Canada to construct comparable productivity estimates to
those of the United States.

Valuation base for outputs, inputs and compensation: All input and output data are
adjusted to correspond to prices effectively received from the sale of output and the
prices paid as a result of the purchase of inputs. This means that the value of inputs
should include taxes and exclude subsidies. Similarly, the value of output is taken net of
output taxes and subsidies. To effect this, the value of commodity indirect taxes is dis-
tributed over the input and output commodities to which they apply. Subsidies are simi-
larly allocated to the inputs and outputs to which they apply. This means that the concept
of GDP used in the productivity estimates is not the same as the one produced by the
input-output tables. GDP from the input-output tables is at factor cost, whereas GDP
from the productivity program is at basic prices (i.e., GDP at factor cost plus indirect
taxes on production minus subsidies on production).

The following three classes of indirect taxes are considered in the valuation of the in-
puts: indirect taxes on products, import duties, and indirect taxes on production. The
former two apply to the intermediate inputs and the latter applies to the capital compen-
sation. Import duties are included in the import prices of commodities and enter into the
intermediate input prices valued at purchaser’s prices. The indirect taxes on products

1 The make (use) matrix is a matrix of the input-output tables that reflects the commodities
produced (used) by the different industries.
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are included in the purchaser’s valuation of intermediate commodity input prices. The
indirect taxes on production include property taxes as a major component and are con-
sidered part of the capital compensation.

Capital income is measured gross of direct income taxes and other non-commodity
indirect taxes (mostly property taxes). Similarly, labour income is gross of income taxes.

Compensation of primary inputs: The compensation of the primary inputs in the
input-output tables consists of the following variables: a) wages and salaries, b) supple-
mentary labour income, ¢) mixed income, d) other operating surplus and e) net indirect
taxes on production. Wages and salaries and supplementary labour income measure the
compensation of paid workers. Other operating surplus is the gross capital income of
incorporated businesses and includes profits before taxes, corporate income taxes, de-
preciation and rents on natural resources. It is computed residually in the input-output
accounts as total income minus all other input costs. Net indirect taxes on production
include mostly property taxes and are included in the measure of capital income.

Mixed income constitutes the earnings for both capital and labour inputs arising from
the unincorporated portion of the business sector and is taken from tax records. There-
fore, it includes the labour income of the self-employed and unpaid family workers,
both of which are constructed by the productivity program.

The value of labour services of self-employed persons is an imputed value. The impu-
tation is based on the assumption that the value of an hour worked by a self-employed
person is the same as the value of an hour worked by an average paid worker in the
same industry. This assumption is based on the premise that labour services are con-
tracted on a temporal basis, and a measure of labour compensation should not reflect
returns on investment or risk taking. However, an adjustment is made in the case of
self-employed persons such as doctors, dentists, lawyers, accountants and engineers. In
these cases, the average earnings of paid workers in the same industry tend to be lower
than the earnings of the self-employed workers. Although self-employed workers are in
the majority in these industries, the imputation of earnings for these workers at the
average rate of the paid workers in these industries tends to underestimate the income
of the self-employed. In this case, direct evidence on average labour income of these
workers is used. Finally, for a given industry, when the imputed income for self-em-
ployment produces a higher result than total mixed income, the imputed value is made
equal to mixed income.

Unpaid family workers, while not directly compensated for their services, are not a free
resource, and their contribution is reflected in the net income of the firm where they are
employed. However, no labour income is imputed to unpaid family workers.!! There is
no valid basis for measuring the value of their services, and it is judged that less error is
generated by their exclusion from measures of labour compensation than by imputing
labour income to them at the same rate as paid workers. The number of unpaid family
workers is insignificant in most industries.

Labour income of self-employed and unpaid family workers is then subtracted from
mixed income to arrive at the concept of other capital income, a measure of capital
compensation of unincorporated businesses used by the productivity program. Other
capital income is then aggregated with other operating surplus and net indirect taxes on
production to obtain the total capital compensation of incorporated and unincorporated
businesses.

' Nevertheless, data on hours and employment are available for unpaid family workers.
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Integration of hours and capital stock to the transformed input-output tables

The input-output tables in constant prices do not contain data on hours worked and the
end-year net capital stock in constant prices. These data undergo several conceptual
transformations within the productivity program prior to their integration into the trans-
formed input-output tables.

Labour input: The measurement of labour input requires several refinements to the
concept of the head count of employees, the simplest and least differentiated measure
of labour input. Such a measure neither recognizes changes in the average work time
per employee nor does it reflect the role of self-employed or even differences in labour
quality.

The measure of labour input starts with the concept of total jobs, consisting of wage and
salary earners, self-employed and unpaid family workers, and then converts units from
simple job counts to total hours worked. The rapid increase in non-standard types of
employment (part-time, self-employment, etc.) stresses the importance of using hours
worked as the unit of labour input in productivity measurement because they bear a
closer relationship to the concept of labour services than simple job counts.

The number of hours worked may not be identical to the number of hours paid, mainly
as aresult of holidays and paid annual sick leave. Hours worked, rather than hours paid,
is used to estimate the labour input measure because it is more closely linked to the
production process.

At present, estimates of labour input used by Statistics Canada’s productivity program
implicitly account for differences in the composition of the labour force by industry
(quality). Statistics Canada simply aggregates different types of labour at the industry
level to produce an industry total. But the growth of the labour input at the level of the
business sector and its constituent subsectors is the weighted sum of the number of
hours worked by industry where the weights are defined in terms of the industry’s share
in the total labour compensation. These shares or weights will be comparatively large
for industries with above-average wages and relatively small for industries with below-
average wages. Assuming that above-average wages reflect above-average skills of the
work force, higher weights will be applied to the growth rates of industries with a
higher quality of labour. As relative wages increase in an industry, the weights will
increase.

Capital input: Capital stock estimates are constructed by using the perpetual inventory
method, where successive net capital stock in constant prices is related by the following
equation:

K, =1+(1-6K,, (5)

where K is the real capital stock at time ¢, [,is the real investment, and § is the
(constant) rate of depreciation of the capital stock; ¢ need not be a constant, but almost
always is assumed to be. To construct a capital stock series, one usually starts at an
initial period 0 with a measure of the initial capital stock, K, and then calculate suc-
cessive values of K, by substituting the depreciation rate and the elements of an in-
vestment series into (5). By successive backward substitution for K, , in (5), one can
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relate K, directly to the initial value for the capital stock K. K, becomes a weighted
sum of all past levels of investment and the depreciated value of the initial real capital
stock

K, = Z;l](l - (s)iJH +(1-6) K, (6)

The amount of capital produced from a given stream of investment depends on the
depreciation profile that is used. Less capital is produced when the depreciation pro-
files are relatively steep—where the percentage of value lost in the early years of an
asset’s life is large.!? Statistics Canada produces three estimates of capital stock based
on three alternative depreciation profiles: the geometric, the delayed and the linear (Sta-
tistics Canada 1999). These are derived from:

§(1—6)"Y  (geometric)

L—(7—-1 _r
F(r,L) = _é 7'—1)) — LL_‘T (delayed) )

(linear)

where F' represents the value of $1 of original investment at age 7 and L is the length
of life. The geometric distribution assumes that the rate of depreciation is a constant. In
the geometric function, § is set equal to %, where R is an arbitrary constant (= 2)
and L(> 2) the length of life; in the delayed function, 3 is the curvature parameter
which takes the value 0.75 for structures and 0.5 for machinery and equipment. At
present, the geometric method is normalized so that the full value of an asset depreci-
ates over its life rather than over an indefinite time span (this is the truncated geometric
method).

In addition, the productivity program undertakes several changes to the estimates of
capital stock net of geometric depreciation to arrive at a measurement of capital stock
that is consistent with the concept of the business sector. The business sector is made up
of the private non-residential and the residential components.

Private non-residential capital stock: The following 1980 Standard Industrial Classi-
fication for establishments (SIC-E) industries are deleted from the private and public
estimates of capital stock published by the Investment and Capital Stock Division to
arrive at the private non-residential estimates of capital stock:

e NB8100 (Federal Government Service Industries)

e N8200 (Provincial and Territorial Government Service Industries)
e N8300 (Local Government Service Industries)

e (08510 (Elementary and Secondary Education)

e 08520 (Post-Secondary Non-University Education)

12 While different assumptions about depreciation have a large effect on the level of capital
stock, they have much less of an effect on the rate of growth of the capital stock. See
Chapter 3.
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e 08530 (University Education)
e P8610 (Hospitals)

Residential capital stock: Data on total residential capital stock cover both the tenant-
occupied and owner-occupied portions of the economy. Only the former is part of the
business sector covered by the productivity program. The breakdown of total residen-
tial capital stock between tenant-occupied and owner-occupied portions is made on the
basis of gross rent obtained from the input-output tables. The rented portion of the
residential sector is then added to the non-residential capital stock to arrive at the busi-
ness sector’s capital stock.

In order to produce capital stock for each industry, capital can be created by simply
summing across all asset categories or by deriving a weighted sum using the relative
shares of each category in total compensation, where the latter are derived using rental
rates of capital. At present time, Statistics Canada uses a simple aggregate across three
asset classes (machinery and equipment, buildings, and engineering construction). How-
ever, in aggregating capital stock across industries, it weights each industry by its re-
turn on capital as described above. Industries with higher cost of capital will implicitly
receive a higher weight using this methodology, and changes in relative cost of capital
will be reflected in changing weights.

A.3.2.3 On Quality Adjustments

The measurement of multifactor productivity requires estimates of increases in factor
inputs. As noted previously, Statistics Canada does so with a measure of hours-worked
for labour inputs and real dollars of capital stock on the capital stock. Others (Jorgenson
and Griliches, 1967; Jorgenson, 1990) have suggested that adjustments be made to the
quality of each of these inputs. For example, this alternate methodology divides hours-
worked into various categories (for example, males as opposed to females) and the
rates of growth of each are weighted by the relative share of total wages going to each.
This procedure gives higher weights to the growth rates of the group earning higher
wages—and implicity assumes that higher wages are representative of higher marginal
productivity and of higher quality.

This procedure redistributes some of the growth in the multifactor productivity reported
here to labour and capital. If multifactor productivity is meant to help us understand the
sources of growth, this procedure adds to our information in this regard. For output
growth can now be attributed not just to increasing labour but to increasing labour of a
certain type. As such this exercice serves to usefully supplement our existing measures
and Statistics Canada is working on providing such estimates as a supplement to its
normal program.

But it should be noted that these estimates are not without problems. In the first place,
differences in wages may not just reflect differences in marginal products. For example,
some would argue that male/female wage differentials partially reflect discrimination
in labour markets. Ascribing all gender wage differentials to quality differences may be
unjustified. And deciding just how much of the differentials to ascribe to real quality
differences is not an easy or very precise task.

Second, this approach gradually reduces the residual that multifactor productivity is
measuring towards zero—and as such the measure becomes less useful as a measure of
technical progress that many users of the data use it for. Nor should we expect the
quality corrected measure to be as closely related to measures of industry performance.
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Finally, quality adjusted multifactor productivity series would probably have even greater
measurement problems than are outlined in Chapter 3.

Despite these shortcomings, Statistics Canada is working on providing new supple-
mentary measures in this area that will be released some time next year.

To construct the growth rate of capital stock, the productivity program makes use of the
following sources of information:

1. The private non-residential and residential estimates of capital stock net of geomet-
ric depreciation in constant prices produced by the Investment and Capital Stock
Division;

2. The information on compensation of capital constructed by the productivity pro-
gram from the input-output tables.

A.3.2.4 On the 1997 historical revision of the System of National Accounts

Both labour and multifactor productivity measures use data that are periodically re-
vised. About once every five years, the CSNA is rebased to keep up with the evolution
of prices in the economy (Jackson 1996). In other words, the constant-price aggregates
are recalculated in terms of the prices of a more recent time period. In addition, the
System is revamped about once a decade to introduce new accounting conventions and
improved methods of estimation. The recent changes to the System also reflect the need
to bring the CSNA in line with the 1993 United Nations System of National Accounts
(SNA), recommendations that will improve international comparability.'®

The choice of a base year for the constant price estimates of output and capital stock is
arbitrary, but nevertheless important. The /evel of output and capital stock and their
components for any particular year can be quite different if the base year is altered. The
last rebasing coincided with the release of the GDP estimates for the first quarter of
1996. At that time, the constant price series were shifted from 1986 to 1992 price weights.
When the series are recalculated in this manner, the new weights are normally applied
from the new base period forward. The estimates for previous years are not normally
recalculated using the relative prices of the new base year in the CSNA. Rather, the
already calculated constant price estimates for previous years are mechanically linked,
or scaled, so as to join up with the new series. Each ‘component’ series is linked inde-
pendently and, in some cases, the results are forced to add up through the introduction
of ‘adjusting entries’ series (Statistics Canada 1975: 279). In this way, the growth pat-
terns for earlier years are preserved.

Adjusting entries are calculated for GDP and its subcomponents, like gross capital for-
mation by the CSNA. However, no adjusting entries are presently calculated to esti-
mate capital stock and gross capital formation by the Investment and Capital Stock
Division, so that their rebasing changes the growth rate of the capital stock series be-
fore the new base year. For this reason, publicly available real GDP and real capital
stock estimates are not compatible. The productivity program, however, uses data from
these sources that are compatible. The productivity program also uses a chained-type
Fisher index in its measure of real output, labour input and capital input to address the
problem that arises when rebasing is done periodically."* This index is a geometric
mean of the chained-weighted Laspeyres and Paasche indices. Changes in this measure
are calculated using the weight of adjacent years. These annual changes are ‘chained’
(multiplied) to form a time series that allows for the continuous incorporation of the
effect of changes in relative prices and in the composition of the series over time.

13 For a comprehensive review of the 1997 historical revision of the CSNA, see Lal (1998).
14 Before the 1997 historical revision, the program used the Térnqvist chain index.
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The 1997 historical revision also made some changes to the previous treatment of sev-
eral industries in the input—output tables. The main change is the disappearance of the
Government Royalties on Natural Resources Industry. In the revised version of the
tables, this industry no longer exists and the commodity having the same name is now
grouped with other operating surplus (capital income).

A.4 Calculation procedures

A.4.1 Labour productivity

The labour productivity ( LP), or output per hour, index between two adjacent years ¢
and t — 1, is computed as a real value-added Fisher index' (Yf; Ji— ) of industry
7 (l =12...,1 ) divided by an index of hours worked in that industry zH /i1 ) - At
the business sector level, we have

_vF .
LPi,t/t—l - Yf,t/t—l - Hz‘,t/t—l' (®)

The Fisher index of real value added is computed at the industry level ¢ based on
information on prices and quantities of various commodities j produced by this indus-
try. This is accomplished in several steps:

First, the Laspeyres (YZ]; / t—l) and Paasche (Yﬁ / t—l) indices of real value added

YZ. i1 for t and t —1 consecutive periods so as to form chain indices, are computed

respectively as'¢

469 .
vi -y Yije || Pigea Yijia
it/t—1 Y. 469 )

J=1\"4,j,t-1 9)
Zpi,j,tfl 'Yi,j,f,q
j=1
and!’
469
Y= Vi Py Yigm |
it /t—1 ~ 169 (10)

Y .

i,5,t—1
Z Piji Yijia
J=1

15 Defined as the geometric mean of the Laspeyres and Paasche chain indices.
16 Recall that real value added is computed as real gross output net of real intermediate inputs.
—1

169
- i[}/'i,j,lyfl] | _Pige” Yz‘,j,l
= 169

v
7 Or alternatively /=1 || Y,
' v ;pm.z Y
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Second, the Fisher chain index, Y.© 10 is calculated as

_ P
Y5 =Y <Y (11)

The Fisher index of real value-added is then constructed at a higher level of industrial
aggregation (e.g., the manufacturing sector):

t/f 1 Zw zt/t iy (12)

w. = Va=My
where {ZV —M, ] represents the share, in terms of nominal value-added (where
V., and M, are, respectively, gross output and intermediate inputs), of the industry ¢

inyear t.

The index of hours worked is computed as

Z[:H . (13)
' it—1

The computation of labour compensation per hour worked parallels the computation of
output per hour.

Unit labour costs (ULC'), computed as labour compensation (L C') per unit of out-
put, highlights the relationships between unit labour costs, hourly compensations and

labour productivity:
Lcm LCM | Y
VLC. = v )T\ wm, )T\ E, | (14)

it it it

Unit labour cost is identically equal to the ratio of average hourly compensation to
labour productivity; thus, unit labour costs will increase when average hourly compen-
sation grows more rapidly than labour productivity.

A.4.2 Multifactor productivity

Like the labour productivity estimates, multifactor productivity estimates make use of a
superlative aggregation scheme based on the Fisher chained index on both outputs and
inputs across commodities and industries.

Estimates of the Fisher chained index require estimates of prices and quantities at a
high level of detail, which is the commodity (7) for both gross output (QZ]) and
intermediate inputs (M i ) , and the industry () for capital (K j) and hours (H ; )
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The following steps are followed during the construction of the Fisher index for these
variables.

A.4.2.1 Output and intermediate inputs

Let Py be the price of commodity j produced by the industry 4 in year ¢ and Wy the

price of the intermediate input j used by the industry ¢ during in year ¢ , whereas Qijt

and Mijt represent their corresponding quantities.

® The Fisher index of output is computed at the industry level 4 based on informa-
tion on prices and quantities of various commodities produced or used by this in-
dustry. First, the Laspeyres (QZL 111 ) and Paasche (Qﬁ Ji-1 ) indices of output

@, , for t and t —1 consecutive periods are computed respectively as

Qr :§ Qm,t | Pijia 'Qz}j.tfl
it/ t—1 Qi 169 ) (15)

j=1
Zpi,j,tfl : Qz‘,j.,tq
i1
and
P _ X @t Piji @i
Qz‘,t/tq - Z Q "1 469
j=1\ i jt-1 (16)
pr‘,t : Qz}j,tfl
j=1
Second, the Fisher index, Q7F, Ji—1» is calculated as
F _ L P
Qftjir = Oy X Qi (17
e The Fisher index of output, tF/ .1 - 1s then constructed at a higher level of indus-

trial aggregation (e.g., the manufacturing sector)

Fo_ F
t/t-1 z;wit RIS (18)
1=

V.
— it
Wy = nﬁl

t . . . .
where S v, represents the share in terms of gross output in nominal prices V,
i=1
of industry ¢ inyear ¢ .'®

'8 The same approach is developed for the multifactor productivity estimates based on the concept
of value added.
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A.4.2.2 Capital stock and hours

Much like the estimates of output and intermediate inputs, estimates of the Fisher chain
index of capital input and labour input require series on prices and quantities. Series on
quantities of labour and capital of industry ¢ in year ¢ are defined in terms of the
number of hours A, and the stock of capital in constant prices net of geometric depre-
ciation k, . The price series are constructed implicitly using the ratio of labour com-
pensation I, to the number ofhours h,, for labour, and the ratio of capital compensation
R, (see “Compensation of primary inputs” in section A.3.2.2) to capital stock £, , that

is

Ri
=g (19)
it
and
W
vy = 7 (20)

where 7, and v, represent, respectively, the (average) return on capital per unit of

capital and the (average) hourly labour compensation. The construction of the Fisher
chain index of capital input, (K ZFt Jt-1 ) , at the industry level proceeds as follows (and

similarly for labour):

e First, the Laspeyres (K ft Jt-1 ) and Paasche (K f; Jt-1 ) indices of capital input
are computed as

k. -r k.. -r
KL _ nto Tit—1 KP _ 1t it a1
w/i-] by Ty M ke @D
The Fisher index of the capital input is then calculated as
F _ L P
Ky = \/Ki,t/t—l XK (22)

® The Fisher index of capital input, ( K tF/ i1 ) , at a higher level of aggregation (e.g.,

manufacturing sector) is calculated as

122
F_ F
K = leit K (23)
=
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R

— it
W, = 13

” SR, represents the capital compensation share of the current year ¢ of
i=1

where
the industry ¢ in the whole business sector.

The weight w;, for each industry is based on the share of the compensation of each of

the primary inputs, which makes the construction of capital input and labour input used
for the multifactor productivity indices similar, albeit not identical. In that sense, a
partial adjustment for the quality of the primary inputs is obtained as the change in each
of these inputs used by an industry is aggregated to the economy-wide level using each
industry’s share in total compensation as aggregation weights. The capital (labour) weight
will be large for industries displaying an above average internal return of capital (labour
compensation) and small for those that do not. The weights will increase for those
industries whose relative return (wage) increases over time. Some of the change in
quality of capital (Iabour) would then be accounted for, assuming that above-average
internal return of capital (labour compensation) reflect above-average ‘performance’ of
capital (labour).

A.4.2.3 Aggregation of the inputs

e The Fisher index of the aggregate input (] 5,571 ) is calculated as follows:

F _ =K F =L F
It/t—l - St/t—l X Kt/t—l + St/t—l X Lt/t—l ? (24)
here 5% —1(L+L)‘K =1-734  and s ts the sh
where s, | = 5 8, 8.1)> St/tq = st/tflan L1 represents the share

of the input ¢ (¢« = K, L) (in terms of its compensation) in the value of output (as-
sumed to be measured in terms of value added)."

e The growth rate of the multifactor productivity index MFPF  captures the pro-

t/t-1
portional change over time of technical progress (A refers to discrete changes in
percentage with respect to time):

F o _ F F
AMFPt/t—l =A t/t—1 _Alt/t—l
_ AOF <K P <L P (25)
=A t/t-1 _(St/tflXAKt/tfl—{_St/tleALt/tfl) )
where tF/ 10 K t}; ., and Lf /i Are the Fisher-Ideal indices of output, capital and

labour, respectively. In other words, multifactor productivity is simply the growth in
output minus the output-share-weighted growth in inputs.

L Labour compensation

19 — K . . .
8, = ~omimal output and s, is obtained residually as a result of the constant returns to

scale assumption StK + st =1.
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A.4.3 Labour productivity, multifactor productivity and technology

This part develops the basic algebra of productivity accounting and then relates multi-
factor productivity measures to single-factor (say labour) productivity indices.

Rewrite AMFPt’;t ) (Ef]ffl + gﬁfl) X AMFPI‘% , and collect terms in (25).*
This yields:

F F F
AMFF; ), ;| = f/f 1(AQf/t | —AK ), 1) t/t 1(AQ1/7‘ 1 ALt/t—l)' (26)

Equation (26) has a straightforward interpretation, since the terms between parentheses
represent, respectively, the rate of growth of capital productivity and labour productiv-
ity. Equation (26) indicates that multifactor productivity is a weighted average of capi-
tal productivity and labour productivity, where the weights are respectively output shares

of capital and labour. When capital and labour productivity grow at the same rate, be-
cause of Hicks neutral technical change, multifactor productivity AMF! Ptljtq is sim-

ply the common rate of capital and labour productivity growth.

To provide an interpretation of elements affecting labour productivity, subtract Lf/ i1

from the left-hand side and ( S0t 8 . 1) X AL + 1—1 from the right-hand side of

(25), and then collect terms. This yields:

(A — AIF ) AMFPF 43K

F F
b1 b/t t/t-1 AK —AL ) (27)

t/t— 1( t/t—1 t/t—1

which is interpreted as follows. The growth in 1ab0ur productivity is the sum of two

terms: the effects of technological progress AMFP, and the capital-share-weighted

t/t 1
change in the capital-to-labour ratio. Rapid gains in labour productivity in the 1960s,
for example, were attributable partly to neutral technological progress, but also due to
the fact that capital per worker increased substantially, i.e. AK’ {1 AL@D Ji-1 > 0.
Hence, rapid investment in plant and equipment leads to increases in labour productiv-

ity.

Note that this growth accounting framework does not explain why
AK;;, 1 ALf/t,l was positive; that is a different issue. What (27) reveals is
that measured labour productivity is positively related to growth in the capital-to-labour

ratio and vice versa.

20 Recall that Eft(,l +35h =1,
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A.5 International comparisons of productivity growth

A.5.1 Introduction

Since its inception, Statistics Canada’s productivity program has established the inter-
national comparison of productivity performance as one of its priorities.”! Attempts
over the years to improve the comparability between Canada’s productivity measures
to those of its major trading partners have been undertaken mainly because compari-
sons provide information on the competitive position of Canada in foreign trade, which
has an important influence on the Canadian economy and employment.

Because statistical concepts and methods vary from country to country, international
comparisons of statistical data can be misleading. Differences in sources, concepts and
methods used in preparing productivity estimates often lead to substantially different
results. This is rightfully worrisome for many users who would like to know which
ones they should use in their analysis of current economic conditions.

This section deals with the comparability of productivity estimates from various sources
with special emphasis on the estimates produced by the OECD, the U.S. Bureau of
Labor Statistics and Statistics Canada. The purpose of this section is not so much to
suggest the best estimates but merely to emphasize the differences underlying the pro-
ductivity measures frequently used by analysts.

A.5.1 U.S. Bureau of Labor Statistics (BLS)

Quarterly and annual estimates of labour productivity along with comparable measures
of compensation per hour and unit labour costs are published by the BLS. Data are
produced for the business sector, the non-farm business sector, non-financial corpora-
tions, the manufacturing sector and its durable and non-durable subsectors.

The BLS also produces different sets of annual multifactor productivity estimates. The
multifactor productivity indices for the private business sector and the private non-farm
business sectors measure the value-added output per unit of combined labour and capi-
tal inputs. Multifactor productivity indices for the manufacturing sector and its 20 con-
stituent industries are calculated as output net of intra-industry transactions (sector output)
per combined unit of capital services, labour, energy, materials and services (for more
details, see BLS 1997).

The differences between the U.S. and Canadian productivity measures are the follow-
ing:

1. The BLS uses two business sector concepts in its productivity estimates, both of
which are different from their Canadian counterparts. Labour productivity esti-
mates cover a business sector that is similar but not identical to the Canadian con-
cept of the business sector. In addition to government, non-profit institutions and
the imputed value of owner-occupied dwellings (all of which are excluded from the
Canadian business sector), the U.S. business sector, used for labour productivity
estimates, also excludes paid employees of private households. On the other hand,

21 (...) “In order to shed light on changes in the productivity..., the Dominion Bureau of Statistics
has also initiated a number of individual industry studies, mainly in the area of manufacturing.
The industries to be studied were selected, in co-operation with other government departments,
so as to represent a cross-section of manufacturing, including import-competing industries,
export industries and typically domestic industries, and with a view to statistical feasibility
and international comparability.” (Dominion Bureau of Statistics 1965, forward).
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U.S. multifactor productivity estimates cover only the private portion of the whole
U.S. business sector as they exclude government business enterprises.

These differences are not expected to yield significant differences in terms of the
coverage of the business sector between Canada and the U.S. productivity esti-
mates. For example, government business enterprises represent a negligible por-
tion of the U.S. business sector and their importance has been declining since the
1980s in the Canadian business sector. There are other differences, attributable to
institutional factors that may, however, introduce significant differences in the cov-
erage of the business sector in Canada and the United States. Health industries,
which are part of the business sector in the United States and the government sector
in Canada, are a case in point.

2. Comparisons of GDP estimates between Canada and the United States have been
affected by recent changes in the definitions and the statistical methods that were
incorporated into the U.S. National Accounts with the completion of their 1999
historical revisions. In the United States, two changes have been made (Parker and
Grimm, 2000) to the GDP estimates. First, the method to calculate consumer price
changes has been altered. Second, all software expenditures are now counted as an
investment.

3. The BLS uses the Fisher Ideal index of real output for both labour and multifactor
productivity indices, as does Statistics Canada.

4. The BLS uses the concept of value added only for major sectors' estimates of labour
productivity (business sector and non-farm business sector) and multifactor pro-
ductivity (private business sector, private non-farm business and manufacturing
sector). Statistics Canada uses the concept of value added for both industries and
sectors' labour productivity and multifactor productivity estimates.

The BLS also uses the concept of sectoral output (gross output net of intra-industry
transactions) for

e labour productivity estimates of the manufacturing sector, its durable and non-
durables components, its three- and four-digit industries; and,

e multifactor productivity estimates of the manufacturing sector, its 20 two-digit
industries and the 9 three- and four-digit industries that are produced. While
Statistics Canada also produces comparable estimates to facilitate Canada-United
States comparison of multifactor productivity, it also produces estimates of mul-
tifactor productivity based on the concept of gross output.

5. TheBLS, much like Statistics Canada, makes use of the concept of hours worked.??
Labour productivity estimates produced by Statistics Canada and the BLS both
measure labour as a direct summation of hours at work. Similarly, multifactor pro-
ductivity indices produced by the BLS for manufacturing industries use the same
concept of labour as the labour productivity estimates.

22 For hours worked, the BLS estimates are benchmarked on establishment surveys rather than
household surveys. The establishment surveys are themselves benchmarked on administrative
data from state unemployment insurance programs (Farmer and Searson 1995). Statistics
Canada estimates are taken primarily but not exclusively from household surveys.
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The BLS makes adjustment for labour quality only to its estimates of multifactor
productivity based on value added for the private business sector and the non-farm
private business sector. In this instance, the hours at work for about one thousand
categories of workers are classified by their educational attainment and work expe-
rience and are aggregated using an annually chained Térnqvist index. The aggre-
gate growth rate of labour input is therefore a weighted average of the growth rates
of each type of worker where the weight assigned to a type of worker is its share of
total labour compensation. Because their labour input includes labour quality
changes, the BLS measures of labour and productivity are affected by these quality
changes.

By contrast, Statistics Canada does not make this direct correction for labour qual-
ity. However, its method of deriving Fisher indices at the levels of sub-sectors and
the business sector partially captures the adjustment of labour quality. The rate of
change in hours worked by each industry is aggregated to the subsector (or sector)
level using each industry’s share in total labour compensation as weights. These
weights will be large for industries that pay above-average wages and small for
those that do not. If industries with higher wages have been growing more rapidly,
this weighting system will decrease estimates of multifactor productivity relative
to alternative aggregation schemes that simply take an unweighted average of the
growth rates of all industries.

6. Conceptual differences between Statistics Canada and the BLS in the measurement
of capital input are even more important than in the case of labour input. These
differences arise from the coverage of capital and the way that detailed data on
investment are aggregated by vintage and by asset type.

BLS includes in its concept of capital, machinery and equipment, residential and
non-residential structures, land and inventories at a fairly detailed level by asset
type. By contrast, mainly because of paucity in the data, Statistics Canada’s pro-
ductivity program does not exploit the various asset types on residential and non-
residential capital stock currently available from the Investment and Capital Stock
Division, nor does it make use of land and inventories in the construction of the
capital stock.?

BLS’s aggregation scheme is based on the ‘relative efficiency’ for aggregation by
vintages and ‘rental prices’ for the aggregation of different types of assets. The
BLS adopts ‘age/efficiency’ functions that decline gradually during the first few
years of an asset’s life, and then more rapidly as the asset ages (a concave effi-
ciency schedule).? By contrast, Statistics Canada uses a geometric efficiency and

2 Three major assets are currently available for non-residential capital stock: machinery and
equipment, buildings, and engineering construction. For residential capital stock, Statistics
Canada currently produces data for the following assets: singles, multiples, mobiles and

cottages.
24 BLS uses a ‘hyperbolic’ formula to represent the services, S; of a 7 old asset:
(L—7)
= —" <L
Sy (L= for T
s, =0 for v > L,

where [ is asset’s service life, and ( is a ‘shape’ parameter. For 3 = 1, this formula yields
a gross stock; for 3 = 0, it yields a straight line depreciation pattern and for 0 < 3 < 1,
the function declines slowly at first, and then more quickly later. BLS assumes 3 = 0.5 for
equipment and 3 = 0.75 for structures. The formula was implemented assuming the U.S.
Bureau of Economic Analysis’ service life estimates and also assuming a discard process
similar to the one used by BEA.
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depreciation pattern. These differences have relatively little effect on cross-country
comparisons.

As for the measurement of capital services derived from the capital stock, the BLS
applies the rental price and Tornqvist aggregation techniques to detailed categories
of asset types. The BLS uses a Térnqvist aggregation with rental prices formulated
from Hall-Jorgenson-type tax parameters and a Jorgenson-Griliches type of inter-
nal rate of return computed using property income data from the National Income
and Product Accounts.? In contrast, Statistics Canada sums the three components
of capital stock (engineering construction, buildings, and machinery and equip-
ment) for each industry. A Fisher index of capital input is constructed at a higher
level of aggregation using capital compensation and capital stock. This methodol-
ogy implicitly assumes that the capital services yielded by these three assets are
equal per dollar of capital stock.

While the BLS still aggregates inputs for its multifactor productivity measures us-
ing a Tornqvist chain index, Statistics Canada has switched to the Fisher Ideal
index.

A.5.3 Organisation for Economic Co-operation and Development (OECD)

The OECD publishes two sets of estimates that sometimes conflict with one another.
One set is produced by the OECD Secretariat and the other by the OECD Statistics
Directorate. Both estimates use imperfect measures of inputs because they are inter-
ested in cross-country comparisons and cannot get data from some countries that are
required for the most precise estimates. By choosing the lowest common denominator
available, they provide inaccurate estimates of the true Canadian productivity growth.

Both OECD groups use employment rather than hours-worked to calculate their esti-
mates. This biases the Canadian results downwards.?

Equally important, both groups use gross and not net capital stock. It is well recognized
that useful capital is net capital. This is the depreciated capital that a firm has available
to it. Gross capital stock is the value of capital that was originally purchased and takes
no account of the fall in value of capital that occurs over time from use of the capital in
production.

Both OECD groups also incorporate another problem. Labour and capital shares of
output are needed as weights for the calculation of multifactor productivity. The OECD
weights are constant and do not come from Canadian data; they appear to be OECD
members’ averages.

25 This implies that property income of industry ¢ in year ¢ is equal to the weighted sum of
capital stock, Yie = Zuf-riv’fKJ?’%t = Z(T” i+ 95 )KJ'W ,where Y, isproperty

j j '
income assumed to be the residual derived by subtracting labour costs from nominal value
added; K ;i 18 the capital stock for the asset j and u;;; is the user cost of capital. Data on
depreciation rate § and the capital gain rate ¢ are usually available, but the internal rate of

return 7 is endogenous.
26 See Chapter 3, “The Precision of Productivity Measures.”
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In addition to the above problems, the estimate of the OECD Secretariat has three prob-
lems:

e First, its measures of outputs and inputs are incompatible. Its measure of output
includes owner-occupied dwellings and commercial real estate. But its measure of
capital stock does not include the capital that is used for either purpose.

e Second, the measure of inputs and outputs is calculated without taking into account
the underlying production structure of the economy. In other words, these esti-
mates are calculated only at the aggregate level and suffer from the type of aggre-
gation bias that was described above.

e Third, its measure of capital stock has been calculated arbitrarily without adequately
taking into account Canadian experience. The OECD Secretariat uses an invest-
ment series taken from the National Accounts that is not used for the Canadian
productivity estimates and ignores the work that has been done on depreciation and
discard rates by Statistics Canada’s Investment and Capital Stock series.

The OECD Statistics Directorate has created the International Sectoral Data Base (ISDB),
which combines a range of data series related primarily to sectoral and industrial value
added and their corresponding primary factor inputs (real GDP) used in 14 OECD mem-
ber countries (OECD 1999). Based on comparable information drawn from sources
released by national and international statistical agencies, the database constitutes an
important basis for cross-country studies of productivity performance. Therefore, the
productivity estimate of the Statistics Directorate follows procedures that are closer to
those which have gained international acceptance.

The productivity estimates produced by the ISDB for the 1970 to 1997 period deals
with the business sector as a whole as well as with 30 industry groupings covering all
industries of 15 member countries. This source is extensively used in the international
comparisons of productivity performance.

There are, however, differences between the methodology used by Statistics Canada
and that of the ISDB that limit the extent to which results from these two sources may
be compared:

e First, the ISDB uses a slightly different definition of the business sector. They in-
clude residential housing in their estimates of output and capital stock; Statistics
Canada excludes this sector because labour inputs are missing.

e Second, the ISDB starts with individual industry data and aggregates it. However,
their aggregation technique uses a Laspeyres weight for only the output, which
changes every five years—the same procedure used by the National Accounts of
Statistics Canada to produce GDP data. Statistics Canada productivity measures
uses an annual Fisher-chained index that updates changes more frequently and is
more appropriate for those industries that are experiencing rapid price changes.

e Third, the ISDB does not make any attempt to weight data from underlying indus-
tries.

e Fourth, the ISDB uses an index for capital stock that is incompatible with their
output index. They choose to use a measure of capital stock which, when rebased,
changes all previous growth rates. They use an index of output that does not do so.
In contrast, Statistics Canada uses individual industry series for both output and
capital whose past growth rates are not changed when rebasing occurs.
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Despite these differences, the ISDB estimate is conceptually closer to that of Statistics
Canada than that of the OECD Secretariat. At issue is the extent to which the major
difference—choice of employment rather than hours worked and use of an inappropri-
ate capital stock—can account for most of the difference between the two series.”’

Replacing hours worked by employment accounts for most of the difference in the two
series. Adding the additional change of gross rather than net capital stock leaves very
little difference between the cumulative growth in the two series, despite the other dif-
ferences that are still embedded in the two estimates. We conclude then that the under
estimation of the Canadian productivity performance that has been produced by the
Statistics Directorate is almost entirely attributable to their use of these crude measures
of inputs.

A.6 Caveats

Measures of labour productivity, multifactor productivity and related measures of costs
are useful in investigating the performance of Canadian industries. However, certain
characteristics of the productivity and related cost data should be recognized in order to
apply them appropriately to specific situations.

First, only the productivity of the business sector is measured. Because of conceptual
difficulties, measures of productivity are not available for sectors of the economy, such
as government, whose goods and services are not priced by the market.

Second, in several sectors where output is difficult to define, productivity measures are
correspondingly weak. Examples are the business services industry, the construction
industry and the financial services sector, where output is often an imputed value of
labour and other inputs. Thus, the productivity and costs measures for these sectors
should be interpreted with caution.

Third, the capital input used in the multifactor productivity framework does not ac-
count for land, inventories and natural resources stock, public capital stock and re-
search and development (R&D). Some experimental studies have concluded that natural
capital stock, public capital and R&D contribute significantly to multifactor productiv-
ity growth.”?® However, these types of inputs pose important challenges in terms of
measurement of the quantities and price of services. Nonetheless, as part of an effort to
improve the coverage of capital and, accordingly, to increase the comparability be-
tween Canadian and U.S. productivity measures, the productivity program has given a
priority to estimating land and inventories.

Fourth, measures of productivity account only for resources used in the production
process. Unemployed resources available in the economy, which indicate the extent to
which the economy is close to its potential capacity, are therefore excluded from the
productivity estimates. Nonetheless, comparisons of labour productivity growth and
the growth of GDP per capita help to indicate the consequences of not fully employing
all labour resources.”

Fifth, resources engaged in the production process may not be fully employed, as is
often the case in economic downturns. Labour hoarding is a classical example: in re-
sponse to decreasing demand for its product, an industry may not lay off its employees

27 See Chapter 3, “The Precision of Productivity Measures.”
28 See Harchaoui (1997), Diaz and Harchaoui (1997) and Mamuneas and Nadiri (1996).
2 See Chapter 4 on the Canada—United States comparison for a discussion of these issues.
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for various reasons such as separation costs and the cost of training new employees
should operations expand later on.

A partial adjustment is made to take into account the capacity utilization rate of capital
by using the compensation of capital rather than the user cost of capital (Berndt and
Fuss 1986). However, at best, this approach only partially dampens the cyclical fluctua-
tions of the productivity growth rates. Since the cyclical fluctuations generally shown
by the standard productivity growth measures are often used to make inferences about
long-term economic performance, users should be cautious about inferring long-run
trends from changes on a yearly basis. To reduce the influence of the cycle on economic
performance, users are encouraged to consider a peak-to-peak or a trough-to-trough
analysis of productivity growth rates.

A.7  Concluding remarks

This appendix has discussed the development of the Statistics Canada productivity
measures program produced for the Canadian business sector and its major constituents
(subsectors and industries). It has touched on advances in the literature on productivity
measurement and described how these advances have led Statistics Canada to improve
the methods it uses and to develop new data series consistent with these advances.

Some further refinements are presently being explored. These advances deal with the
quality measurement of the inputs and a broader coverage for the concept of capital that
includes land, inventories and exhaustible resources stocks. There are also new lines of
research in the productivity front that are worth investigating in the near future. Among
these are studies using firm or establishment level data,*’ studies that relax the assump-
tion of constant returns to scale underlying the multifactor productivity framework,*!
and studies designed to expand the scope of productivity measurement to include envi-
ronmental considerations.
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