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FEATURE ARTICLE 1

Comparability of Multifactor Productivity Estimates in
Canada and the United States

By Marle Allard-Saulnler'

Introduction

Canada’'s competitive position depends on many factors such as a healthy macroeconomic environment,
investments in upgrading skills and technology, the size, location and organization of markets, and the trade
policy environment in which Canada must do business. However, the key to competitiveness lies in a
country’s ability to maintain a high level and a stable growth in productivity. Intemational comparability in
productivity measures is therefore crucial in the assessment of Canada's competitive position. It is
particularly important to have adequate tools to assess Canada's performance relative to its largest trading
partner, the United States. In 1991, 76% of Canada's exports were destined to the U.S. market and 69%
of the goods and services that were imported into Canada came from the United States. Imports from the
U.S. not only compete with Canadian goods and services for Canadians’ consumption dollars but also with
intermediate inputs going into the production of Canadian commodities. The advent of free trade between
Canada and the United States (and possibly Mexico) has raised the stakes of maintaining and improving
productivity not only to keep Canada's share of the domestic market but also to respond to the challenge
and opportunities arising from the opening of a new and large market south of the border.

Traditionally, intemational productivity comparisons have been based on labour productivity estimates which
are limited in scope. These estimates reflect more than just the increase in the efficiency of the production
process; they also include the increase in production due to a more intensive use of other inputs such as
capital. In contrast, this article will focus on multifactor (or total factor) productivity measures that evaluate
the increase in production not accounted for by the growth of all measured inputs. In addition, productivity
comparisons have often limited to the major sectors of the economy. In order to give meaning to these
aggregate measures, a look at comparative productivity for more homogeneous groups of industries is in
order. In a first attempt to respond to the need for more detailed comparisons, this paper presems
comparable muklifactor productivity measures for thiteen groups of manufacturing industries in Canada and
the United States.

The text will begin with an overview of official multifactor productivity estimates from the U.S. Bureau of
Labor Statistics and Statistics Canada. The second section will underscore three issues that must be
considered when making international comparisons of productivity: the distinction between comparisons

"1 wish 10 thank all the members of the Productivity Measures Section who have contributed directly or indirectly to this study. In particular,
I would like o thank Aldo Diaz and René Durand for their input and feedback. | am also grateful (o Séan Burrows, Ken Young of Indusery
Division, Daniel April and Jack Bailey of Standards Division. and Nicole Richer for their invaluable assistance.
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of levels and growth rates, methodological issues, and comparability of classifications. All too often,
international compansons are made without regard to these issues, casting doubt on the conclusions
derived from such comparisons. The discussion of these issues delineates the terms and conditions of
comparability between the official statistics of these two countries to ensure that comparisons are made
in a systematic manner. The next section presents estimates of multifactor productivity growth in Canada
and the United States. Concluding remarks can be found in the final section, followed by an appendix
describing in more detail the methodology for assessing the comparability of classifications.

Official Muitifactor Productivity Statistics in Canada and the United States

Statistics Canada’s annual estimates of multitactor productivity (MFP) are described at length in the
appendices in Part 2 of this publication. Theretore, they will not be discussed in great detail here. In brief,
four multifactor productivity measures are available: MFP industry measures on value-added, on gross
output (also called the neoclassical index), and on gross output net of intra-industry sales, and the
interindustry MFP index, which measures the productivity of the economy in producing groups of
commodities, taking into account the contribution of all industries directly or indirectly involved in producing
these commodities.

Statistics Canada's estimates are available at four different levels of aggregation. First, estimates are
produced for the total business sector. The next level of detail available (called the "PS" level) comprises
twelve non-manutfacturing industries along with total manufacturing. At a more detailed level ("PM"), the
manufacturing total can be broken down into nineteen industries groups. Finally, the most detailed level
("PL") comprises 110 industries, ot which 83 are part of the manufacturing group. The estimates for the
four measures at all levels of aggregation are constructed using the Témqvist index number formula for
both outputs and inputs?.

? The purpose of the index number is (o summarize in a single quantitative indicator, several individual measures for which there is no common
physical unit of measurement. This is done by choosing a weighiing scheme which permits variations in non-additive quantities to be evaluated
at a global level. The Torngvist index is one of many ways o do this. In contrast with the Laspeyres volume index. which is a fixed-weighted
arithmetic average of quantty ratios, the Torngvist volume index is a geometric average of these ratios weighted with average prices of
Successive years. .

sn 01, Ly}
Témqvist volume index. Q,/Q, E (E]
which can aiso expressed as.
Q,s" . ﬁ!
") ven (3

where | = commodities 1 through n
and w, = average value shares at time 0 and 1

Moreover. indices can differ from ome another by the manner in which consecutive changes are combined through time. In the case of the
chained Tornqvist, the formula is applied to each consecutive pair of years and the results are chained through multiplication.
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Muttitactor productivity estimates for the United States are produced by the Bureau of Labor Statistics (BLS)
of the U.S. Department of Labor’. There are three distinct multifactor productivity programs at the BLS.

Productivity measures for major sectors are produced and published quarterty on the basis of value-added
using the National Income and Product Accounts* as the source for the measure of production. The inputs
therefore include only labour (hours worked) and capital services. These measures are available for the
following aggregates: total private business sector, manufacturing, farm, and non-farm non-manufacturing.
The measures are based on Laspeyres fixed-weighted volume indices for production and inputs.

Annual productivity indices for two-digit manufacturing industries® are based on a somewhat different
methodology.  First, the measure of production used is gross output net of intra-industry sales.
Consequently, the combined inputs include capital services, labour inputs, energy, materials and purchased
services (hence the name "KLEMS"), which are also net of intra-industry transactions. In general, inputs
and outputs are measured with chained Tdmgquist indices.

The MFP measures on the basis of gross output net of intra-industry sales are also available for detailed
industries. The calculations are also done using the Toérnqvist index number formula for inputs and outputs.
They are published for six industries at the three- and four-digit levels of the 1987 U.S. Standard Industrial
Classification. The industries are: blast fumace and basic steel products (SIC 331); motor vehicles and
equipment (SIC 371); footwear, except rubber (314); tires and inner tubes (3011); farm and garden
machinery (352); and railroads, line-haul operating (4011).

Productivity comparisons for the major sectors of the economy can only be made with caution as the index
number formula used to calculate the volume of outputs and inputs differ between the two countries. As
stated above, the Térnqvist index formula is used in the Canadian estimates whereas the BLS uses
Laspeyres fixed-weighted volume indices in the case of the major sector measures. Differences in the
index number formula create artificial differences in the growth of the series being compared.

Comparisons will therefore be based on U.S. multifactor productivity measures for two-digit manutacturing
industries and the Canadian estimates of multitactor productivity on gross output net of intra-industry sales
at the "PM" level. The choice of measures used in the comparison was based on several considerations.
First, for practical reasons, this study was limited to comparisons with existing U.S. estimates. Second, the
two sets of estimates are the most comparable in methodology as will be described in more detail below.
Finally, this choice made it possible to make comparisons that covered the manutacturing group (which is
particularly exposed to intemational competition) while still maintaining some detail by industry.

What are Meaningful Comparisons?

This section describes the various issues that should be kept in mind while constructing comparable
productivity estimates and while interpreting the results of the comparisons. Although these issues are
important, they are often overlooked. It is necessary to answer the following questions in order to put in
context the results of the comparisons which are presented in a subsequent section. Are the estimates

! We would like to express our gratitude to William Gullickson of the Bureau of Labor Statistics for providing the necessary data.
* The National Income and Product Accounts are produced by the Bureau of Economic Analysis of the U.S. Department of Commerce.

’ From the 1972 US. Standard Industrial Classification.
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comparable in level or in terms of growth? Are the estimates constructed using a similar methodology?
Do the industries represent similar production activities or similar commodity outputs?

| - Growth Rate Versus Level Comparisons

There are two different ways to compare productivity measures: in terms of growth or levels. When using
the first approach, it is important to understand that comparing the change in productivity for two countries
does not give any information on which of the two countries is more productive, but only which of the two
has increased its productive efficiency more between two given points in time. This approach is more
easily implemented as it requires less information. When comparing productivity gains for two countries,
inputs and outputs are evaluated at prices of the same year but using the price structure of each country,
in their respective currency. In other words, the value of inputs and outputs are deflated in such a way as
to make their volumes comparable from year to year within each country but not comparable between
countries.

In contrast, bilateral /evel comparisons require that inputs and outputs of both countries be expressed in
the same price structure in order to ensure that the volume of these inputs and outputs are comparable
for the two countries. This is done separately for each component with special conversion factors called
purchasing power parities (PPP's).® Purchasing power parities take into account differences in relative
prices of commodities across countries and are defined in such a way as to convert values expressed in
one country’s currency and price structure into the other country’s currency and price structure, thus making
it possible to isolate difterences in the volume of commodities produced or purchased in both countries.

Constructing PPP’s for purposes of productivity comparisons with the United States would involve the
collection of prices in Canada and the U.S. for very specific commodity outputs and inputs with equivalent
characteristics in order to isolate the "pure” volume difference. The calculation of purchasing power parities
on final demand components for several countries has already been undertaken by the Organization for
Economic Cooperation and Development (OECD). However, the availability of specific input prices is
particularly problematic as this may pose confidentiality problems. Level comparisons for multifactor
productivity would require a great deal of cooperation between participating countries to make the data
available, to agree on standard definitions and methodology and to deal with the complexities of collecting
and processing the data. Comparisons based on official statistics are theretore limited to productivity gains
for the time being’.

Il - Methodology

Since the Bureau of Labor Statistics has three different multitactor productivity programs as described
above, methodological differences with Statistics Canada’s estimates depend on which U.S. estimates are
considered. In the case of the two-digit KLEMS index which is the focus of this paper, methodological
differences with Statistics Canada'’s productivity estimates on gross output net of intra-industry sales are
minor.

First, Statistics Canada's hours worked at the level of 19 manufacturing industry groups are weighted
averages of hours worked at the most detailed level where MFP estimates are calculated (i.e. 83

® For more information on the use of purchasing power parities in making international comparisons, see Schultz (1992).

" Productivity level comparisons for manfacturing industries in Canada, Japan and the United States can be found in Denny et al (1992).
However, the comparisons were based on the authors’ own estimates of purchasing power parities for the United States - Canada comparison.
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manufactunng industries) with hourly wages used as weights. In contrast, the BLS uses the sum ot hours
worked for two-digit industries as the measure of labour input. In other words, the BLS considers hours
worked t0 be homogeneous within each two-digit industry group whereas Statistics Canada takes into
account differences in returns to labour between the industries included in each of the 19 groups. A further
ditference is found in the calculation of capital inputs. In both countries, the cost of capital services is
calculated residually for each industry as the difference between the value of gross output net of intra-
industry sales and the cost of inputs other than capttal, that is, labour costs and the cost of intermediate
inputs. However, the BLS distributes this residual capital cost by type of asset and industry according to
an estimated rental cost, whereas no distinction is presently made between asset types in Canada.

Second, capital services are estimated from a net capital stock based on delayed depreciation in the U.S.
estimates as opposed to geometric depreciation in the Canadian estimates. The BLS tested the sensttivity
of multifactor productivity and capital input measures to the assumption about the form of the efficiency
function. Their conclusion was that "it is evident that the method selected has little effect on the final
measure of multifactor productivity, for year-to-year changes or over a long time period.” In fact, for the
private business sector, the difference between MFP estimates derived from the two types of depreciation
never exceeds two tenths of a percentage paoint in any given year between 1949 and 1981 and is never
more than one tenth of a percentage point over longer periods. From a practical point of view, differences
in the choice of efficiency functions are not sufficiently important to justify the recalculation of either
country’'s productivity estimates to conform with the other’s.

Figure 1

Comparative Measures of Muitifactor Productivity Growth for U.S. Manutacturing industries

% Change

1982 10087 1872 1977 1982 10687

* From Trends in Multifactor Productivity 1948-1981, U.S. Department of Labor, Bureau of Labor Statistics, Bulletin 2178, September 1983,
P
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A further difference in the measure of capital inputs is the inclusion of land and inventories by the BLS in
addition to fixed capital whereas Statistics Canada presently includes only the latter in its measure. The
BLS estimates used in this study have been recalculated without land and inventories in the measure of
capital inputs to eliminate this methodological difference.

In removing land and inventories from the U.S. estimates to make the measures more comparable to ours,
it was possible to test the sensitivity of the productivity estimates to the inclusion of these two assets in the
measure of capital services. As can be seen in figure 1, this methodological difference has no signiticant
impact on the multitactor productivity measure for total manutacturing. Looking at more detailed estimates,
the impact is also practically imperceptible, leaving the Canada-U.S. ranking unchanged in any of the
penods considered.

In future comparisons, the KLEMS indices from the Bureau of Labor Statistics can therefore be used "as
is", that is without excluding land and inventories from capital inputs, in making comparisons with the
relevant Canadian industry groups. This will significantly cut down on the preparatory work needed to Mmake
the estimates comparable.

Il - Comparabliity of Industrial Classifications

The concordance between industrial classifications is important to keep in mind in the context of
international productivity comparisons. It may be tempting to dismiss this problem as being empirically
insignificant but comparisons may have little meaning when they do not pertain to similar activities.

The definition of Canadian and U.S. industries in their respective industrial classifications differ for two basic
reasons;

a- because of differences in the size and structure of the two economies
b- because of differences in the criteria used in developing the classifications

In order to compare any industrial statistics for the two countries, it is therefore necessary to establish a
correspondence, where possible, between the two classifications. A conceptual concordance between the
1980 Canadian Standard Industnal Classification (SIC) and its 1987 U.S. counterpart was developed jointly
by Statistics Canada and officials from various agencies of the U.S. government’. This concordance does
not offer a quantitative measure of the comparability of industry groups. Rather, it provides a list of
comparable industry groups on the basis of the commodities that they produce or the activities in which
they engage, as well as a list of descriptions of the goods and services (or activities) not common to the
two groups in question.

Drawing from the results of work in progress in other areas of Statistics Canada, it was possible to go
beyond the conceptual concordance and to assign a measure of the degree to which industry groups are
comparable. By assigning U.S. industry codes to Canadian establishments, it was possible to express
Canadian establishment data (in this case, shipments) in both classification structures, that is, in the
Canadian SIC and the U.S. SIC. In briet, comparable industries or groups of industries in both
classifications were selected in a manner such that the two industry definitions overlap by at least 90% in
terms of the 1988 value of Canadian shipments. The comparability measures are described in further detail
in the appendix.

* U.S. Bureau of the Census and Statistics Canada, Concordance between the Standard Industrial Classifications of Canada and the United
States: 1980 Canadian SIC . 1987 United States SIC. Statistics Canada catalogue no. 12-574E, February 199].
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Comparability measures can be used to evaluate the concordance at various levels of aggregation. On
the basis of these measures, in the case of the twenty U.S. manutacturing industries for which the KLEMS
index is available, nine industries were found to have a directly comparable Canadian industry at the "PM”
level, (i.e. a one-to-one equivalence), as can be seen in text table 1 below. It was necessary to aggregate
the Canadian logging and forestry industry ("PL3") which is outside of Canadian manufacturing to the
Canadian wood industry to conform with the definition of the lumber and wood products industry of the U.S.
manufactunng group. At the same time, this bridges the gap between the Canadian and the American
manutacturing group definitions. After other aggregations, comparisons could be established for fourteen
groups of industries. The remaining industries are not reasonably comparable as the U.S. definitions differ
from ours to the point where only a full aggregation would allow meaningtul comparisons to be made.

Text table 1

Concordance between Canadian Industries at the PM level and 2-digit U.S. industries

Canadian Industnes at the PM Lavel

Codes

PM Industry Name U.S. 2-digit industries
5+6 Food and beverage industries 20

% Tobacco products industries 21

B+9 Plastic, rubber. leather & allied products industries 30+31
10 Textila, taxtile products & dlothing industries 22+23
11+PL3 Wood , logging & forestry industries 24

12 Fumiture and fixture industries 25

13 Paper & allied products industries 26

14 Printing, publishing & allied industries 27

1= Primary metal industries 33
17+19 Machmery. electrical & electronic products industries 35+36
18 Transportation equipment industries 37

20 Non-metallic mineral products industries 32

21 Refined patroleum & coal products 29

22 Chemical & chemical products industries 28

PM 5 to 23 + PL 3 Total manufacturing 20 to 39

Productivity Growth in Canada and the United States

Comparisons of productivity growth for a given year are not particuiarty meaningful as establishments in
the two countries may be operating at different levels of capacity utilization for various reasons. One of
these reasons may be the timing and amplitude of the business cycles. For this reason, comparisons are
usually done on the average annual growth over a full business cycle or over long time spans. These long-
term comparisons are more meaningful in that they are less sensitive to temporary fluctuations in
productivity due to adjustments to changes in the economic environment.
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When comparing productivity growth over business cycles, we must bear in mind that although the timing
of business cycles is very similar in Canada and the United States, the amplitude and the breadth of
contractions and expansions in economic activity may be very different in the two countries. Over the
period covered by this study, Canada experienced recessions in 1970, in 1875, in 1980 (only a minor
slowdown), and in 1982. In the United States, the troughs in the business cycles were in 1970, in 1974-75,
in 1980, and in 1982. In addition to these "official” recessions, there were other minor slowdowns in
economic activity in both countries such as the one in 1967. The two economies also experienced slower
growth in the mid-80s.

During a recession, not all industries suffer from the slowdown to the same extent and at the same time.
Estimates of the growth of real output net of intra-industry sales by industry since 1961 (not shown here)
indicate that, in fact, most peaks and troughs in activity have been concurrent for corresponding industries
in both countries. Moreover, the output cycles in most industries followed those in the general economic
activity. However, there are differences in the amplitude of production cycles that may explain differences
in productivity growth rates over the periods we have chosen to present.

Table 1 below presents the multifactor productivity indices based on gross output net of intra-industry sales
for thiteen manufacturing industries and total manufacturing in Canada and the United States. Atthough
comparisons could be done for fourteen industries or groups of industries, only thirteen are presented and
analyzed in this paper. Estimates for the U.S. tobacco products industry are not shown because input
shares used in the calculation of the estimates have exhibited unexplained variations over the 1961-1988
penod. The base year was set to 1961 to facilitate growth comparisons between the two sets of estimates.
The bar chart shown below table 1 depicts the average annual growth rate in productivity by country from
1961 to 1988 for each of the industrigs in the table.

1 - Aggregate Trends

Over the 1961 to 1988 period, estimates of productivity growth in Canadian and American manufacturing
exhibted very similar trends. The United States’ manufacturing industries posted a marginally higher
average annual growth rate over the twenty seven year period at 1.4%, compared with Canadian
manutacturing at 1.3%. The difference, however, may not be significant given the normal range of
uncertainty sumounding any estimate. Behind this seemingly comparable long term performance of the
manufacturing group in Canada and the U.S. lie many differences across industries and through time that
must be examined in order to gain a better understanding of the situation.

On average from 1961 to 1975, productivity in Canadian manufacturing fared better than its long term
average, growing by 1.6% annually. The 1975 to 1882 cycle was characterized by poor productivity growth
in these industries. After 1982, productivity growth rebounded to an average annual growth of 1.6% which
was slightly higher than the 1961-1988 average. This recovery was characterized by strong growth in 1983
and 1984 followed by a modest growth in the following years.

Manufacturing industries in the United States had a comparatively poorer performance than in Canada in
the pre-1975 period, exhibiting a weaker growth than their long-term average. Although the recession of
the mid-70s appears to have inflicted a more severe blow to manutacturing productivity in the United States
compared to Canada, productivity growth reached the same peak in both countries during the subsequent
recovery. In contrast, multitactor productivity declined much more in Canada than in the United States
during the 1982 recession, resulting in a stronger 1975-1982 average annual growth of 0.9% in the United
States compared with a 0.5% average growth in Canada. Although the initial recovery was more vigorous
in Canada, the United States' average annual productivity performance in the 1980s exceeded that of
Canada by almost a full percentage point.

AGGREGATE PRODUCTIVITY MEASURES
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These findings are consistent with the history of business cycles in the two countries as the United States
experienced a more severe and prolonged recession in the mid-70s compared to Canada whereas
Canada’s economy took a much more severe blow in 1982 compared to the United States.

In brief. it we consider the 1961-1988 annual average growth as the norm, Canada’s manufactunng
productivity did retumn to "normal” rates of growth after the 1982 recession but comparatively, the United
States has experienced greater than "normal” productivity gains over the same period.

/I - Comparative Performance of Individual Industries

Canada’'s multfactor productivity grew at a relatively faster pace than that of the United States in nine of
the thiteen industries over the 1961-1988 period as shown in table 1. In most cases however, the
difference in growth rates is marginal. The two largest average growth differentials in favour of Canada
were found in the following industres:

« primary metal industries (0.8 percentage point gap)
+ printing, publishing & allied industries (0.7 percentage point gap)

During this period, Canada lagged behind in four industries: by an average of 1.2 percentage points in the
machinery. electrical and electronic group, by an average of 0.9 points in the paper and allied products
industry, by an average of 0.4 percentage point in the furniture and fixture industries, and only marginaily
in the food and beverage industries.

Prior to 1975, Canadian manufacturing industries exhibited a stronger growth in productivity in all but three
cases, that is, in wood and logging, in paper & allied products, and in machinery, electrical and electronic
products industries. Moreover, Canadian industries generally led the U.S. by a wider margin in the 1961-
1975 period compared to the full 1961-1988 period.

As indicated above, the 1975-1982 period was characterized by a general slowdown in productivity growth
in both countries. Despite the U.S. manufacturing group posting a higher average annual growth in
productivity than Canada between 1975 and 1982, Canada increased its lead in four out of thirteen
industries.

During the recovery of the 1980s, the gap widened in favour of the United States at the total manutacturing
level. However, at the detailed level, in eleven out of thirteen industries, either the gap between the two
countries’ growth rate narrowed in comparison with the 1975-1982 period (in four cases) or the comparative
ranking was reversed (in seven cases), indicating that the relative positions of industries tend to change
through time.

Since 1985, Canada's manufacturing multifactor productivity has exhibited slower growth in comparison to
its southern neighbour. The slower growth experienced in Canada in recent years seems to be
widespread, appearing in all thirteen industries selected in the comparison.

Text table 2 highlights some features that are consistent throughout the period. Canada’s printing,
publishing-and allied industries come in first in all periods considered. The Canadian paper and allied
products industries is behind in all five periods. Differences in age and capacity utilization rates of plant
and equipment between Canada and the United States are among the factors that could explain this trend.
The group encompassing machinery, electrical and electronic products in Canada has also come in second
after the United States in all periods considered. However, as the latter is an aggregate of fairly
heterogeneous industries, machinery industries and electrical and electronic products taken individually
could have a different ranking. In fact, the electrical and electronic products industry in Canada has been

AGGREGATE PRODUCTIVITY MEASURES page 9
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perform?ng very well, posting the second highest average annual contribution to multitactor productivity
growth in the Canadian business sector from 1961 to 1988. These two groups cannot be examined

separately since their definitions in the Canadian and the U.S. industrial classifications overlap one another
considerably.

Text table 2

Comparativ_e Rankings of Productivity Growth In Manufacturing Industries: Canada (C) and United
States (US)

Industry name 1961-88 1961-75 1975-82 1982-88 1981-73 1973-88

C us C USs C UsSs C us C us C Us
Total manufacturing 2 1 1 2 1 2 1 1 2 2 1
Food and beverage industries 2 1 1 2 @ 1l 12 1 1 2 2 1
Plastic, rubber, leather & allied prod. ind. 1 2 1 2 1 2 2 1 1 2 2 1
Textile. textile products & clothing ind. 1 2 1 . ) 1 51 2 1 2 1 2
Wood, logging & forestry industries 1 2 2 1l 20l 2 2 1 1 2
Fumiture and fixture industries 2 1 1 2 2 tlgnt2 1 1 2 2 1
Paper & allied products industries 2 1 2 1 2 1 2 1 2 1 2 1
Printing. publishing & allied industries 1 2 1 20 1 2 2 1 2 1 2
Primary metal industries 1 2 1 2 2 1 1 2 1 2 1 2
Machinery, slectrical & electronic products ind. 2 1 2 AP 1 2 1 2 1 2 il
Transportation equipment industries 1 2 1 2 1 2 2 1 1 2 2 1
Non-metallic mineral products industries 1 2 1 21 w2 1 = 2 1 2 2 1
Refined petroleum & coal products 1 2 1 2 1 2 2 1 1 2 1 2
Chemical & chemical products industries 1 2 1 2 iR 1 1 2 2 1 1 2
* A value of 1 (or 2) indicates the country in which the industry exhibited the higher (or lower) productivity growth.

ili - Correlation of the Estimates

Over the 1961 to 1988 period, in six out of thiteen industries, Canada's productivity growth estimates are
correlated with their U.S. counterpart’. Productivity growth estimates for total manufacturing in both
countries naturally show a stronger correlation than most component industry considered individually as
conflicting movements in the individual industries’ productivity growth estimates tend to cancel out as they
are aggregated together. The refined petroleum and coal products industry is displaying the weakest
correlation with its U.S. counterpart whereas chemical & chemical products industries show the strongest
correlation. If we compare the 1961-1973 period t0 the 1974-1988 period, a structural change seems to
have taken place. In the first period, the Canadian and U.S. estimates for total manufacturing are strongly
correlated, whereas after 1973, the correlation falls slightly below 0.5. In the 1961-1973 period, seven
Canadian industries are correlated with their U.S. counterparts. In contrast, only three industries are
correlated when considering the 1974-1988 period.

 For purposes of this analysis, estimates are considered to be correlated if the correlation coefficient exceeds 0.5.

AGGREGATE PRODUCTIVITY MEASURES

age 1
hage 18 Statistics Canada, Cat No. 15-204E, February 1993




by : l'i'-"-'l- " A - _'
.”‘I.l- l"- 1%h ks i L B
e SRR ¢

|'l
-l ¥
' m-.:
[
1

et ] -k
| —

3 !

i | =

s 3.

—_—
-




Table 1 - Multitactor Productivity Indices tor Selected Manutfacturing Industries In Canada and the

Untted States, (1986=100), continued...

Total manufacturing Food and baverage Plastic, rubber Textile, textile products
industries industnes leather & allied & clothing
products
Year Canada us. Canada U.Ss. Canada u.s. Canada us.
1961 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1962 104 .6 102.6 101 6 101.0 105.7 102.6 105.6 102.6
1963 107.3 106.1 102.2 102.1 107.6 103.9 109.0 1045
1964 110.3 109.6 103.2 102.3 1106 1059 109.7 106.3
1965 112.4 1128 104.5 104 8 111.4 107.0 109.1 1079
1966 127 1139 105.0 108.9 113.3 106.6 109.0 109.9
1967 111.2 112.9 106.2 105.1 112.5 106.7 107.7 112.0
1968 114.6 1138 1058 104 5 117.2 107.5 113.3 1110
1969 118.0 114.9 106.5 105.1 119.7 109.1 1158 1125
1970 116.5 113.0 1071 105.7 117.7 105.9 1149 115.2
1971 120.0 116.0 109.9 107.3 119.9 109.6 120.0 1181
1972 124.1 1208 110.4 108.7 121.6 RS 125.4 124.2
1973 128.7 125.3 1124 109.4 125.2 114.2 128.3 1250
1974 1288 1215 1119 1053 120.8 110.8 128.4 122.4
1975 1246 118.0 109.5 106.2 117.2 109.7 130.5 123.1
1976 1292 1219 2.7 107.5 122.8 110.1 135.1 128.0
1977 132.7 1238 1144 108.3 128.2 110.7 140.0 138.5
1978 134 1 124 .4 1143 106.3 133.0 110.4 147.3 134.2
1979 1345 124.7 1145 107.2 136.4 109.1 151.9 136.8
1980 132.2 123.8 113.2 108.2 133.5 110.3 152.2 140.2
1981 134 8 1249 1129 109.6 1354 117.3 1585.2 140.0
1982 1294 125.5 1129 1120 132.6 118.1 1475 142.6
1983 135.1 127.5 112.0 112.8 138.8 120.0 154.0 145.7
1984 1415 130.0 113.1 1128 1461 121.8 15¢:2 145.3
1985 143.7 1325 1143 114.2 147.0 1256.2 158.9 146.6
1986 142.5 135.6 113.5 114 4 141.7 124.9 164.4 150.9
1987 142.6 140.3 1133 113.9 142.9 129.3 164.7 154.0
1988 142.3 145.0 1113 114.3 140.7 129.3 161.0 154.5
§ o
United States
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Table 1 - Muitifactor Productivity Indices for Selected Manutacturing Industries In Canada and the
United States, (1986=100), continued...

Wood. logging Furniture & fixture Paper & allied Printing, Primary metal
& forestry industries industnes prod. industries publishing & industries
allied industries
Year Canada us. Canada us Canada us. Canada us. Canada US.
1961 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1962 103.0 101.5 102.0 989 100.2 100.5 101.7 96.3 102.4 100.2
1963 108 3 109.6 104.8 102.0 1017 101.7 102.0 99.0 103.3 102.8
1964 109.7 121.2 104.5 103.4 104.1 104.2 101.5 1024 1058.5 105.7
1965 1091 124.7 107.7 105.8 1026 104.7 101.0 1025 107.8 106.2
1966 110.1 1243 109.1 105.8 101.8 104 4 102.0 103.5 107.3 107.7
1967 110.3 130.0 108.9 105.2 97.4 102.2 1021 103.1 104 .4 104.6
1968 116.2 133.5 110.6 105.4 98.2 108.5 102.8 102.1 108.3 102.0
1969 1189 128.9 113.7 107.5 101.1 108.3 103.5 103.1 108.3 100.8
1870 120.5 1343 110.5 1043 101.0 105.9 102.2 98.9 108.5 98.3
1971 121.2 134 6 1121 105.4 100.8 108.8 103.2 99.5 108.0 993
1972 122.4 1411 119.7 111.4 104 1 1138 106.6 101.6 109.9 101.6
1973 123.1 140.6 123.6 1126 107.6 120.6 1108 103.5 1124 106.1
1974 1221 142.0 112.7 111.0 110.0 118.0 110.5 102.4 1134 104.0
1875 7S 143.2 1111 109.8 971 108.9 111.8 101.0 110.4 92.9
1976 124 4 142.7 1171 1135 104.1 114.2 118.3 102.0 107.1 93.3
1977 129.7 139.9 118.1 115.2 103.8 116.1 122.6 102.5 1113 90.6
1978 129.6 136.5 123.1 117.6 106.0 1178 125.2 1019 1129 92.1
1979 129.5 140.6 120.1 117.0 107.3 116.7 124 6 101.2 107.9 80.9
1980 135.1 146.1 118.4 1178 105.8 113.7 1245 99.4 105.4 91.3
1981 137.9 140.7 1819, 7 )78 | 105.5 116.0 126.5 101.§ 109.3 925
1982 136.0 133.8 107.5 118.0 985 120.7 119.3 100.5 102.6 88.0
1983 146 .8 138.9 114.5 117.9 103.5 125.8 1229 100.2 108.0 846
1984 158.0 1441 117.0 11949 105.0 123.9 126.4 994 113.7 87.7
1985 163.8 142.4 118.1 119.5 105.2 124.3 126.4 99.2 117.9 888
1986 167 .4 1471 157 118.9 108.5 1286 125.0 98.6 116.8 89.5
1987 172.4 159.2 110.0 121.6 107.2 130.0 121.7 100.2 1199 90.7
1988 170.8 163.3 106.8 119.6 105.0 133.0 120.8 98.9 119.9 954
. o
United States
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Table 1 - Muitifactor Productivity Indices for Selected Manufacturing Industries in Canada and the
United States, (1986=100), conciuded.

Machinery, electrical Transportation Non-metallic Refined Chemical &

& elactronic products equipment industres mineral products petroleum & chemical products

industries industries coal products industries

Year Canada us. Canada us Canada us. Canada us. Canada US.
1961 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1962 107.2 104.6 104.6 102.9 1072 100.6 105.4 100.9 103.4 103.0
1963 1089 107.3 109.2 108.2 1085 1043 106.4 102.0 106.6 106.2
1964 113.5 112.0 110.4 111.2 1125 105.9 108.8 103.2 1111 110.5
1965 1158 115.6 116.2 116.0 114.4 106.3 111.2 102.9 1133 1128
1966 117.0 116 9 113.1 1148 118.2 104.9 113.1 103.0 1142 1125
1967 1129 116.5 118.2 113.2 108.2 103.4 108.4 103.5 1120 108.7
1968 1149 116.7 120.9 1163 113.0 104.4 110.6 108.2 1128 111.7
1969 118.5 118.9 127.5 114.5 115.1 104.9 109.0 105.7 1148 1129
1970 116.6 118.5 122.7 109.2 113.4 102.4 109.3 107.4 114.2 113.4
1971 1136 1193 129.6 1165 1218 103.3 109.8 108.3 1187 117.0
1972 118 2 1258 1340 173 131.2 107.2 109.6 109.1 1218 123.0
1973 122.8 130.8 139.6 121.4 124.0 109.0 113.9 110.4 127.9 128.4
1974 123.3 128.7 140.9 120.1 1188 105.7 113.3 109.9 127.9 122.3
1975 120.1 125.1 144.0 120.4 115.0 104.3 1141 108.1 119.8 1151
1976 1236 130.6 145.8 125.3 116.3 107.0 113.4 108.3 125.5 119.6
1977 127.7 137.8 146.8 126.3 115.0 106.2 117.0 108.7 1248 122.5
1978 127.7 140.6 1471 126.2 117.0 106.3 114.4 108.5 128.9 122.7
1979 135.5 143.9 146.9 122.6 117.6 105.2 112.8 107.3 132.5 123.7
1980 137.7 147.5 138.2 117.6 110.5 103.4 113.3 107.6 128.2 117.4
1881 1373 1513 140.2 MRNT 109.9 102.5 115.9 105.8 133.1 121.9
1982 129.4 153.1 138.9 1145 102.5 102.5 118.6 104.5 124.3 123.3
1983 128.7 155.8 143.2 119.4 109.7 104.7 120.4 103.6 135.3 128.3
1984 138.6 159.2 148.8 1225 1165 106.5 121.1 104.9 140.7 127.9
1985 140.6 166.7 150.4 123.9 120.8 108.5 119.7 105.1 142.2 127.5
1986 142.0 1725 148.4 125.7 123.2 110.8 118.4 105.7 142.8 134.4
1987 141.6 184.0 145.7 130.1 125.9 111.2 119.3 105.7 145.6 1378
1988 144.6 196.2 148.2 133.0 125.9 113.7 118.7 106.3 148.3 143.4

United Statas

AGGREGATE PRODUCTIVITY MEASURES

1
Statistics Canada, Cat No. 15-204E, February 1983 Page 13




= T e

T
- = =

-1,

g
-
i

L "IFF i -‘”T:V': m{h:'ﬂ'ur“"l\l!l"w




iv - Contributions of Industries to Total Manufacturing Productivity Growth
The ranking of the Canadian and U.S. manutacturing aggregates depends on two things:

1) the relative performance of individual industries as was presented in the section above, and
2) the composition of total manutacturing in both countries.

The performance and relative size of manufacturing industries together determine the contribution that each
of them will bring to the overall performance of the group in any given year. In tum, these contributions
allow us to trace the origins of productivity growth in total manutacturing back to specific industries, thus
giving more meaning to the aggregate measure.

Canada

As illustrated in figure 2, the largest contnbutor to Canadian manutfacturing productivity growth over the
1961 to 1988 period was the transportation equipment industry. Machinery, electrical and electronic
products industnes came in second, followed by wood, logging and forestry industries and by chemical and
chemical products industries. The distribution of contributions is less dispersed for Canada than for the
United States, ranging from 0.25 percentage point for transportation equipment to almost zero for the
turniture and fixture industries. The transportation equipment industry was aiso the largest contributor
dunng the 1961 to 1973 period, but fell to fifth place from 1973 to 1988. The machinery group holids the
third and second rank respectively over those same time spans. The most dramatic change before and
after 1973 takes place in the food and beverage industries: this group holds the second place from 1961
to 1973 in contrast with an eleventh position from 1973 to 1988, contributing negatively to manufacturing
productivity growth in this latter period.

United States

The distribution of contributions to U.S. manufacturing productivity growth over the 1961 to 1988 period as
shown in figure 3 is much more dispersed than in Canada. The contribution of the machinery, electrical
and electronic products group stands out above all other industries. This group also dominates its
Canadian counterpart in terms of productivity growth in all periods considered. The second largest
contributor is the transportation equipment industry, followed by chemical and chemical products industries
and textile, textile products and clothing industries. These three U.S. industries came in second after
Canada in terms of productivity growth. Although the second, third and fourth largest contributors were
weaker than their Canadian counterparts, the growth of productivity in total manufacturing was slightly
stronger in the U.S. than in Canada for that period mainly due to the relative size and good performance
of the machinery, electrical and electronic products group. The five largest contributors are the same in
the pre-1973 period, where the U.S. trails Canada in terms of its manufacturing productivity growth, as in
the post-1973 penod where the positions are reversed. However, in contrast with the United States, many
industries in Canada changed relative positions from one period to the other.

The average annual contributions of the thirteen component industries cannot fully explain changes in total
manufacturing productivity as they do not represent a full coverage of the manufacturing group. As can
be inferred from text table 1, there are three U.S. industries which are rot covered by this study because
of inadequate comparabilty. They are: fabricated metal products industries (SIC 34), instruments and
related products (SIC 38), and miscellaneous manufacturing (SIC 39). The Canadian manufacturing
industries for which this study presents no comparable estimates are fabricated metal products (PM 16)
and other manufacturing industries (PM 23). In addition, as stated above, no comparison is made for the
tobacco products industry due to unexplained trends in the U.S. estimates. Productivity growth in these
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industries is nevertheless implicitly included in the estimates for otal manufacturing. We must bear this
in mind when using a contribution analysis to explain tota Manufacturing productivity growth.

Flgure 2

Average annual contribution of Canadlan industries to totaj manutacturing multifactor productivity
growth, 1961-1988

Transportation Equipment ind.
Machinery, Electrical & Electronic
Wood, Logging & Forestry Ind.
Chemical & Chemical Products Ind.
Textlle, Textile Prod. & Clothing
Food & Beverage Ind.
Primary Matais Ind.
Rubber, Plastic & Laather Prod.
Refined Petroleum & Coal Prod.
Printing, Publiishing & Alfled Ind.
Non-metallic Mineral Prod. Ind.
Paper & Allled Products Ind.
Fumiture & Fixture Ind.

Figure 3

Average annual contribution of U.S. Industries to total manufacturing multifactor productivity
growth, 1961-1988

Machinery, Electrical & Electronic
Transportation Equipment Ind.
Chemical & Chemical Products Ind.
Textlle, Taxtlle Prod. & Ciothing
Food & Beverage Ind.
Wood, Logging & Forestry Ind.
Paper & Allled Products Ind.
Rubber, Plastic & Leather Prod.
Non-metallic Mineral Prod. Ind.
Fumiture & Fixture Ind.
Refined Petroleum & Coal Prod.
Printing, Publishing & Allled Ind.
Primary Metals Ind.
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Conclusion

International productivity comparisons are an important element in assessing Canada's competitiveness
at home and abroad. Making these comparisons is not always straightforward as many factors must be
taken into account. Differences in methodologies and classifications must be identified and if possible,
eliminated, in order to make meaningful comparisons. Aside trom informing the readers of the many issues
to consider in making productivity comparisons, the main contribution of this study was to present estimates
of multitactor productivity for comparable sets of production activities in both countries based on the
quantitative measures of comparability of industrial classifications presented in the appendix below.

The comparisons described in the paper were restricted to the industries for which U.S. muRifactor
productivity indices were already available. The methodology described in the appendix could be used to
find comparable Canadian and U.S. industry groups at various levels of aggregation. In fact, comparability
measures have been calculated for the most detailed level at which Statistics Canada produces multifactor
productivity estimates for manufacturing, that is, for 83 industries. Fifty-three of these industries have
comparable groups of four-digit U.S. industries. The industries for which there is no correspondence will
be the subject of further research in the near future.

Unfortunately, multifactor productivity estimates for the United States are not readily available for the
combinations of U.S. four-digit industries that were found to be comparable to 53 Canadian manufacturing
industries. The collection of the appropriate U.S. statistics needed to construct these estimates, an
exercise of sizeable proportions, could be undertaken if there was sufficient interest in these estimates.

The overall conclusion stemming from the results of the comparisons is that manufacturing productivity
growth in Canada and the United States has evolved in a very similar way over the last three decades.
In the last few years of the comparison, the situation in Canada seems to have deteriorated, and this, in
most industries covered by the study. Perhaps, this is a temporary phenomenon but nevertheless, it has
raised some concerns in many circles. As the data becomes available, it will be interesting to see if this
trend persists over the current years.

Appendix

As explained above, differences in industrial classifications must be resolved in order to be able to make
meaningful comparisons of productivity on an intemational level. In fact, this is the case with international
comparisons of any industrial statistics. The purpose of this appendix is to describe in greater detail the
approach taken to measure the degree of comparability of industrial classifications and on this basis, how
the best match of Canadian and U.S. industries was found.

The development of a quantitative concordance was based on a project involving the reclassification of
large Canadian manufactuning establishments to the U.S. Standard Industrial Classification. Generally, the
method for recoding establishments can be summarized in two steps:

1) each commodity produced by a Canadian manutacturing establishment was
linked to the relevant U.S. four-digit industry class

2) the establishment was then assigned the U.S. code corresponding to the
largest share of its output (on the basis of 1988 shipments of Canadian
establishments)

AGGREGATE PRODUCTIVITY MEASURES
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This recoding makes it possible to express Canadian manufacturing establishment data in either the
Canadian or the U.S.. classification structure. The criteria used to assign U.S. codes to Canadian
establishments results in a concordance that defines comparability on the basis of similarity of commodity

outputs. Comparable groups of industries from both U.S. and Canadian classifications are selected on the
basis of 1988 Canadian shipments data, as illustrated below.

As the comparability measures are based on Canadian shipments data, the implicit assumption being made
is that the U.S. commodity distribution is the same as the Canadian distribution. If the comparability
measures were recalculated on the basis of U.S. shipments data rather than on Canadian data, it may
generate different resuits. The difference between the two resulting concordances will be a function of the
degree to which the industrial structures of the two countries differ. Because of limited data availability,
it would be difficult to implement this methodology with U.S. data as this would require repeating the
recoding exercise described above in the other direction (i.e. assigning Canadian codes to U.S.
establishment data). Furthermore, the quality of the concordance should, in principle, be assessed at
different points in time if this method is to be used to compare statistics over several years. When
interpreting the results it is therefore important to keep in mind that the resulting concordance is
representative of the 7988 structure of the Canadian economy.

Measures of comparabiilty

The resuits of the recoding exercise described above were used to develop comparability measures
between the two-digit U.S. manufacturing industries and Statistics Canada’s multifactor productivity industry
classes.

As explained at the beginning of the article, Statistics Canada's muitifactor productivity estimates are
produced at different levels of aggregation: total business sector and levels "PS", "PM", and "PL". The
first step in measuring comparability was to aggregate 1988 shipments data for Canadian manufacturing
establishments to the 19 manufacturing industry classes ("PM"). The second step involved the cross-
tabulation of Canadian shipments data by Canadian PM industries and two-digit U.S. industries. The
resulting shipments matrix thus contained the current dollar shipment value of the intersection between all
possible pairs of Canadian and U.S. groups.

To illustrate how comparability was measured, let us define this matrix as S, with the 19 Canadian
industries across the top and U.S. two-digit industries along the side. In the simple example depicted
below, the S matrix shows the value of the intersections between Canadian industries (d,ef,g,h,i,j) and U.S.
industries (k.,,m,n,0,p.q).

Shipments($)

BL
defgh
1=ONGHONO
02000
03000
04000
00544
00000
00000 10
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In order to understand how this matrix can be used to measure the quality of the concordance, it is helpful
to consider the four possible cases that occur when comparing two classifications:

1) the one-to-one case: when there is a reciprocal carrespondence between one
group in each classification structure; in the example shown above, Canadian
industry d and U.S. industry k fall under this category.

2) the one-to-many case: when one Canadian industry corresponds to a group
of US. industries; Canadian industry e and U.S. industries |, m, and n are an
example of a one-to-many case.

3) the many-to-one case: when a group of Canadian industries corresponds to
a unique U.S. class; in the S matrix above, Canadian industries 1, g, and h
correspond exactly to industry o trom the U.S. classification.

4) the many-to-many case: when a group of Canadian industries corresponds
to a group of U.S. industries; industnes i and j from the Canadian classification
correspond to industries p and q in the U.S. classification.

The presence of non-zero values in off-diagonal elements of the shipments matrix S makes it possible to
distinguish between the four accurrences described above. In reality, the vast majority of cases are "many-
to-many” situations. in theory, industries should be aggregated together until all cases are reduced to one-
to-one cases (i.e. 100% comparabilty). For example, the S matrix shown above indicates that by
aggregating Canadian industries i and j together and by aggregating U.S. industries p and q together, the
comparison of the two groups is equivalent to a one-to-one situation. In practice, the classification
structures are so different that in most cases, it is not possible to arrive at a one-to-one case without having
to aggregate all manufacturing industries together and even in that case, as will be explained below, the
two manufacturing groups are not perfectly comparable.

The choice to aggregate industries in order to achieve comparabilty was based on the following decision
rules: for each Canadian industry, U.S. classes are selected and aggregated together in a way that these
U.S. classes have at least 90% of their combined shipments in common with the Canadian class'’. In turn,
if the U.S. industries that are chosen make up more than 90% (taken together) of the Canadian industry,
then the groups of industries are considered to be reasonably comparable.

The example below illustrates how the aggregation decisions were made. The shipments matrix S below
is a subset of the shipments matrix above and shows the value of shipments of goods and services
common to both Canadian industries i and j and U.S. industries p and q. Let us define the vectors of
marginal totals: ¢ being the summation of shipments over ail U.S. industry groupings (i.e. sum of all rows
or total Canadian shipments by Canadian industry) and u being the summation of shipments over all
Canadian PM's (i.e. sum of all columns or total Canadian shipments distributed by U.S. industry class).

"' Any US. industry (however small) having more than 80% of its shipments classified to a given Canadian indistry class was assigned to that
class even if the %% coverage of the Canadian industry could be achieved without including is.
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Shipments(s)

A U
p [a 2] 10
u
q |10 0ol[10
(18 2]
(]

Canadian share(A) U.S.share(B)

I\ i
p |44 1} p [.a .2]
qg |56 0 g |1 0

Let us also define matrices A and B which contain the comparability measures:

—the Canadian share matrix (A) is defined as the ratio between the shipments
in each cell of the S matrix and the total shipments by Canadian industry in
vector ¢; for a given Canadian industry, the columns of matrix A show the
distribution of the Canadian industry's shipments across U.S. industry classes.

—the U.S. share matrix (B) was defined as the ratio between the shipments in
each cell of the S matrix and the total shipments by U.S. industry found in
vector u; the rows of the resulting U.S. share matrix B represent the
distribution of shipments belonging in a given U.S. industry over ail Canadian
industry groups.

To find the U.S. industry that corresponds to Canadian industry i, the matrix S shows that the ten shipment
units classified to q are also classified to i (i.e. the share in matrix B is 1). The i and q combination
therefore satisfies the 90% criteria in the U.S. dimension. However, the definition of U.S. industry g covers
only slightly more than halt of the production classified to Canadian industry i (see matrix A). Therefore,
the two industries are not comparable. Looking at industry p, matrix B shows that only 80% of its
production belongs in industry i in the Canadian classification. But taken together, 90% of the shipments
classified to industries p and q also belong in industry i as can be seen in matrix S (i.e. (8+10)/(10+10) =
0.9). Moreover, this combination of U.S. industries covers 100% of industry i as can be seen in matrix A
(i.e. 0.44 + 0.56).

To preserve the maximum amount of detail in the Canadian estimates, preference was given to aggregating
U.S. groups together to achieve a concordance rather that grouping Canadian industries together. If it was
impossible to achieve a 90% coverage of the Canadian industry by grouping U.S. industries without
jeopardizing the U.S. share crteria, then the only solution was to aggregate Canadian groups together.
Of course, there are cases where the definition of U.S. industries cross so many Canadian industry
definitions, that the only way to find a comparable industry would be to aggregate together ail
manufacturing industries. This option is not used as all the detail of the comparison would be lost.
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Since the recoding was done for Canadian manufacturing establishments only. the shipments of any
Canadian establishment that is outside the Canadian manufacturing group but would theoretically belong
in the U.S. manufacturing group are excluded from the shipments matrix. When this occurs, the
comparabilty measure (i.e. the U.S. share) is biased upwards because the total Canadian shipments
distributed over U.S. industry classes is underestimated by the value of shipments from non-manufacturing
establishments which were not part of the recoding exercise. This occurs in three instances but only in one
case is the impact significant: the Canadian logging and forestry industry (Canadian SIC 04) is a non-
manufacturing industry in Canada but belongs in U.S. SIC 24 (Lumber and wood products) of the U.S.
manufacturing group. To correct this problem, the logging and forestry industry was combined with the
wood industries in the Canadian estimates, making this group comparable to the U.S. lumber and wood
products industry. At the same time, this bridges the gap between the Canadian and the American
manufacturing group definitions.

In the final analysis, it was found that ten out of nineteen Canadian manutacturing industries could be
compared to one or many two-digit U.S. industries. For the remaining industries, aggregation on the
Canadian dimension resutted in four additional "matches”. There are two Canadian industries for which
there is no reasonably comparable U.S. industry: the fabricated metal industry (PM 16) and other
manufacturing industries (PM 23).
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