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Abstract.  Many have attributed the simultaneous economic boom in the second half of the 1990s in the U.S. and Canada to information and communications technologies (ICTs). We examine and compare the role of ICTs in both countries by accounting for the sources of economic and labour productivity growth, making a careful distinction between industries that produce ICTs, and the use of ICTs as inputs by all industries. We examine the sources of growth for each of 34 industries that cover the entire business sector for the 1981-2000 period, accounting separately for ICT capital input and highly educated labour input.  We find that the acceleration in growth in the U.S. was driven largely by the accumulation of ICT capital; in contrast, the revival in Canada was mainly due to the increased use of non-university labour.  MFP growth accelerated but did not play the main role in most sectors. The contribution of ICT capital deepening to labour productivity growth was small in Canada, but it was the driving force in the U.S. affecting many industries. In both countries, ICT capital had its largest impact in ICT-producing industries, followed by intensive ICT-using industries.  
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1. Introduction


The acceleration in output growth in the second half of the 1990s from the previous 15 years in Canada and the United States has generated a great deal of interest and comment, including in the general press.  Many have pointed to the rapid growth of investment in information and communication technologies (ICTs) as an important factor for this economic revival.  The growth in ICT investment has been fuelled largely by the unprecedented decline in the prices of information technology equipment and software, which in turn is due to the extraordinary pace of innovation and productivity growth in industries that produce them.


At the same time many economists have also attributed to the growth in ICT investment an increased demand for workers with education and skills that are deemed essential to the effective use of ICT.  Some also see the growth in the proportion of workers with university degrees as a factor that has spurred the acceleration in output growth. Whatever the cause, the proportion of workers with university degrees did increase significantly in both countries.
  A consensus, while not unanimous, has emerged from recent growth studies that the increased investments in ICTs and human capital are playing a major role in economic growth, and labour productivity growth, in both countries.
    


However, the size of the impact of the two factors is by no means uniform across countries or industries.  Stiroh (2002) shows that while ICT investments affected many industries in the U.S., the degree to which productivity growth is affected is different across industries.  There are also differences in educational attainment across industries, as shown by Jorgenson, Ho and Stiroh (2002a).  Similar developments are taking place in Canada, but there are two significant differences.  First, Canada has a smaller ICT sector — the size of ICT-producing industries is smaller, and Canada invests less in ICTs (Rao and Tang, 2001).  Second, a smaller portion of the labour force in Canada has university education or higher, although the gap narrowed slightly during the second half of the 1990s (Rao, Tang and Wang, 2002).


The main objective of this paper is to study the role of the ICT revolution in this recent economic and productivity revival in Canada, and to contrast it with the U.S. experience.  There is some confusion about the roles in the stimulation of growth and productivity of ICT producers, and of ICT inputs into the production process of all industries.  We make a distinction between the two by dividing the business sector into 34 industries, and then separating the ICT-producing from the ICT-using industries. In accounting for the sources of growth of each industry (capital, labour, intermediates, MFP), we also disaggregate total capital input into ICT and non-ICT capital.  Furthermore, to examine the role of human capital in the economic revival, labour input is separated into university and non-university educated workers.  


The capital input is divided into ICTs (computer equipment, communications equipment and software) and non-ICTs (structures, other machinery and equipment, inventories and land).  Although ICT capital is only a small share of total capital (less than 5 percent of the stock in the U.S. in 2001), it has been growing rapidly. On the output side, the 34 industries are chosen to enable a focus on ICTs, and to allow international comparisons.  They are listed in Table 3.  Most of the sectors are the familiar two-digit ones, but some industries are further disaggregated.  For example, computer equipment is separated from other machinery; communications and electronic equipment is separated from other electrical equipment; and business services (including software) is separated from health and education from other services. 
 


Following van Ark, Inklaar, and McGuckin (2003), we group the 34 industries into three major groups — ICT-producing, ICT-intensive using and non-ICT using industries.  To determine whether an industry is an intensive user of ICT or not, they used the share of ICT capital in total capital input in U.S. industries from Stiroh (2002).  The ICT-producing industries are computers; communications and electronic equipment; and communications.  The ICT-intensive using industries (hereafter abbreviated as ICT-using industries) are machinery excluding computers; electrical equipment; other transportation equipment; printing and publishing; miscellaneous manufacturing; wholesale trade; retail trade; finance, insurance and real estate; and business services.  The remaining 22 industries in Table 3 are categorized as non-ICT industries.


Two specific questions are addressed.  First, are differences in industry output and productivity growth between Canada and the U.S. linked to ICTs and the proportion of the workforce with university education?  Second, is the difference in performance widespread, or concentrated just in ICT-producing and heavy ICT-using industries?  Using relatively comparable data and methodologies, we constructed a consistent set of growth accounts covering the 1981-2000 period to compare the sources of economic and productivity growth in the two countries.  


The resurgence of growth in output, labour productivity, and total factor productivity in the U.S. since 1995 is indeed remarkable.  As shown later, the output of the aggregate business sector in the U.S. grew at 4.5 percent per year during the second half of the 1990s compared to 3.0 percent during 1981-1995. Of the 4.5 percent growth, ICT capital contributed 1.2 percentage points even though it accounts for less than 10 percent of capital input (see also Oliner and Sichel 2000).  The acceleration in output growth was even bigger in Canada, increasing from 2.6 percent per year to 5.0 percent.  In Canada, the ICT capital is also playing an increasingly significant role in aggregate output growth. However, when compared to the U.S. on a rate of growth basis, the improvement in labour productivity growth in the Canadian business sector was fairly modest despite greater acceleration.  In the U.S., labour productivity growth increased from 1.3 percent per year during 1981-1995 to 2.3 percent during 1995-2000, while Canadian productivity growth increased from 1.4 to 1.9 percent.  In addition, the sources of labour productivity growth were different in the two countries.  In the U.S., the contribution from ICT capital rose from 0.5 to 1.0 percentage points, while in Canada it increased from a mere 0.3 to 0.5 percentage points.  These differences are replicated to some extent at the detailed industry level.


This paper is a product of joint research by Industry Canada, Statistics Canada and Jorgenson Associates. A set of earlier studies by Jorgenson and Lee (2001), Gu and Ho (2000), and Lee and Tang (2000) has quantified the sources of output and productivity growth in Canada and the U.S. but did not separately examine the role of ICTs, and only examined the period before the economic boom.  In the present paper we build on the data generated by that set of studies, and also examine in more detail the roles of ICTs and highly educated labour.


In the next section, we set up a framework for examining the sources of output and labour productivity growth at the industry level.  We also outline the framework for analyzing the contribution of individual industries to aggregate output and aggregate labour productivity growth.  In section 3 we describe the data used. In section 4 we report the results for sources of output and labour productivity growth in individual industries in the two countries.  We also compare the performance of the two countries, and give the sources of aggregate output and labour productivity growth for both countries.  We give a summary of the key findings in the concluding section 5. 

2. Empirical Framework


Following Jorgenson, Gollop, and Fraumeni (1987) and Gu and Ho (2000), we use the growth accounting framework to examine the sources of labour productivity growth of industries.  This framework has been widely used to study the sources of economic growth.  Unlike previous studies, however, our paper concentrates on ICTs and human capital.  We begin at the industry level and then proceed to develop and discuss a decomposition of aggregate growth.

2.1. Industry Analysis 

We assume that the production function for industry i has the form:

(1)
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 is the augmentation factor of the input function, often referred as multifactor productivity (MFP)
.  


Under the assumption of constant returns to scale and competitive product and factor markets, the translog index of multifactor productivity growth for industry i is :

(2)
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 is the two-period average income share of input X in the value of gross output, and where the sum of income shares for all inputs equals one.
 


We shall also examine the growth in output per hour worked, or labour productivity growth. By rewriting Equation (2), the translog index of labour productivity growth for industry i may be expressed as:

(3)
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where the lower case variables denote the corresponding quantity per hour worked. Denoting the total hours worked by Hi, we use the following notational conventions: 
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is ICT capital intensity; 
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 is labour quality improvement due to non-university labour input; and 
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 is intermediate input intensity. 


Labour productivity growth is equal to the change in MFP plus the weighted sum of changes in intensity of inputs. The change in capital input intensity is often referred to as “capital deepening”.  Under this framework, the change in MFP is measured as the residual of labour productivity net contributions from the deepening of capital, labour quality improvements and intermediate input intensity.  Because of the constant returns to scale assumption, MFP derived from Equations (2) and (3) will be identical.  


Each of the inputs in Equation (1) is an aggregate of many components. Intermediate input consists of energy, non-energy materials and purchased services.
  Capital includes machinery and equipment, structures, land and inventories.  Labour is cross-classified by sex, age and education. Capital and labour inputs are aggregated using a “constant quality” method.  Capital inputs are quantity indexes of capital stocks, using rental prices as weights.  The difference of the growth rates of capital input and stock is the growth rate of industry capital quality (or change in the composition index).  Similarly, labour inputs are quantity indexes of hours worked using labour compensation as weights.  The differences in growth rates between labour inputs and hours are the growth rates of labour quality for university and non-university labour.  The quality adjustment is consistent with the production theory, which calls for marginal product of an input being equal to its price.  Our approach here of separating ICT capital from non-ICT will generate slower changes in capital quality indexes than previous results that were computed using a single capital input index. 

2.2. Industrial Contributions to Aggregate Productivity Growth


In order to provide an overall view of the entire business sector, in this section we describe a framework to aggregate across industries.
  The existence of an aggregate production function requires strong assumptions.  Here we follow the production possibility frontier approach in Jorgenson, Ho and Stiroh (2002a), which relaxes the assumptions of identical industry value-added functions. 


Aggregate value added is defined as a translog index over industry value added:

(4)
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 is the two-period average share of industry nominal value added in aggregate value added.


The value added of industry i is defined as an index of gross output less intermediate inputs:

(5)
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where 
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 is the two-period average share of nominal value added in nominal gross output in industry i.


The production function for aggregate value added is written as:

(6)
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As in the industry framework, under the assumption of constant returns to scale and competitive product and factor markets, the translog index of aggregate MFP growth is:

(7)
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where 
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 is the two-period average income share of input X in the value of aggregate value added, and the sum of income shares of all factor inputs equals one.


Each aggregate input is defined as a translog index over the industry input.  For example, ICT capital input is:

(8)
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 is the two-period average share of industry ICT capital income in aggregate ICT capital income. 


Let 
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 denote the aggregate hours worked. Rewriting Equation (7) in terms of per hour worked intensities, the translog index of labour productivity growth at the aggregate level is:

(9)
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where the lower case variables denote the corresponding quantities per hour worked.  
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With the above pieces we can now describe the decomposition of aggregate productivity into the industry contributions. Subtracting hours from both sides of Equation (4), we get the relation between aggregate labour productivity and industry productivity:  

(10)
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The first term is industry contributions to the aggregate labour productivity and the second term is the reallocation of hours across industries.


As shown in Ho, Rao, and Tang (2004), aggregate MFP is essentially equal to the “Domar weighted” aggregate MFP growth.  Therefore, the relation between aggregate and sectoral MFP growth is 

(11)
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The weights, 
[image: image42.wmf]i

v

i

v

w

,

/

~

, are the Domar weights, which sum to more than one (roughly the ratio of total gross output to total value added) (Domar 1961).  The average value of the weights is around two for both Canada and the U.S.  This value reflects the fact that, at the aggregate level output is based on value added, while at the industry level output is based on gross output which includes intermediate input.  As noted by Jorgenson and Stiroh (2000), the weighted aggregate MFP typically grows faster than MFP at the industry level since the efficiency gains are magnified as they work their way through the production process. 

3. Data and Measurement Issues


To implement the above framework we require comparable Canada and U.S. business sector KLEMS data for the 1981-2000 period.  These data include volume indexes of gross output, capital services, labour services, intermediate inputs, the number of hours at work and cost in dollars of each of these inputs.  The data source for the U.S. is Jorgenson, Ho and Stiroh (2002a).  The Canadian data are obtained from the Canadian Productivity Accounts which produce and maintain a consistent set of detailed industry (122 industries) and aggregated data on inputs and outputs (current prices and chained Fisher indexes) for productivity measurement and related economic performance analysis.
  The 122 industries are aggregated into the 34 industries in the same fashion.  The Canadian and U.S. data used in this study have been compiled employing concepts and methods that accord with the OECD productivity manual, thereby the data for the two countries more comparable.


Gross output and intermediate input values come from a time series of consistent input-output tables.  The price indexes for output also are from Statistics Canada and are also used to construct prices of intermediate inputs.  The input-output tables are generally recorded in a very similar fashion in Canada and the U.S.  Thus, output and intermediate inputs are fairly comparable.  However, our construction of capital and labour inputs is more complicated and some elaboration is in order here. 

Capital Input


The capital stock for each type of asset is constructed from investment in constant dollars.  The comparability of investment deflators is thus important for comparing capital input in the two countries.  This is especially true for ICT assets (computer equipment, communications equipment, and software) that have become increasingly important in total machinery and equipment investment.
  The investment price indexes for those assets diverge significantly across OECD countries due to different methodologies used in estimating the indexes.
  However, for the 1981-2000 period, the prices of the ICT assets show similar changes in Canada and the U.S. (Ho, Rao and Tang 2004).  


Statistical agencies in Canada and the U.S. have worked very closely and made extensive use of the hedonic regression technique and the match model technique in estimating the prices of ICTs.  


For components of the computers and peripheral equipments, both the match-model and hedonic methods are used to develop the price indexes in the U.S.  And the Canadian price indexes are mainly based on the U.S. price indexes.  For telecommunication equipment, U.S. also uses a mixed hedonic regression and match model techniques, and Canada only uses the match model for telephone switching equipment.  The price indexes for semiconductors for the U.S. are constructed using a match model technique, which is simply adopted by Canada (adjusted for exchange rate variations).  Finally, both match-model price index and hedonic price index are used for software in Canada and the U.S.  A detailed documentation of the methodologies used to construct ICT price indexes is given in Ho, Rao, and Tang (2004).

The capital stock for the U.S. is estimated from investment data in the Tangible Wealth Survey produced by the Bureau of Economic Analysis (BEA).  For Canada, capital stock data are constructed from investment series by asset classes from input-output tables and depreciation rates based on the age-price profile (Harchaoui and Tarkhani 2002).  There are 28 non-residential asset types in the Canadian classification, and 52 in the U.S.  The capital stocks are estimated for all types of assets owned by each industry using the perpetual inventory method and depreciation.  


The depreciation rates for 26 non-residential reproducible capital assets in Canada are listed in Table 1.  With the exception of software assets, all of non-residential capital assets’ depreciation rates were estimated based on an age-price profile method (a Weibull maximum likelihood survival model) using 30,000 observations on used asset prices collected by a Statistics Canada survey (Gellatly, Tanguay and Yan 2002).
  The U.S. depreciation rates for the same 26 assets are also given in Table 1, which are derived from 52 assets.  For automobiles and computers, the U.S. geometric depreciation rates are based on Jorgenson, Ho and Stiroh (1999).  For the remaining assets, they are from the U.S. Bureau of Economic Analysis, derived from a variety of sources (Fraumeni 1997).


The depreciation rates in Canada are significantly higher than for the U.S. for ICTs and structures.
  Our experiments with aggregate investment data show that this may under- or over-estimate capital stock growth in Canada relative to the U.S., depending on the growth rate of investment.  If the asset has a faster investment growth, then a higher depreciation rate will lead to a higher growth of capital stock.  This is the case for ICT investment, especially in the second half of the 1990s.  On the other hand, if the asset has a slower investment growth, then a higher depreciation rate will lead to a slower growth of the stock.  This is the case for structures.  Therefore, the differences in the depreciation rates will generally lead to higher estimated ICT capital and lower non-ICT capital contribution to economic growth in Canada.  This will lead to a higher contribution of ICT capital deepening to labour productivity growth, and a lower contribution of non-ICT capital deepening.


The difference in depreciation rates may also the affect MFP growth rates since they are calculated as a residual of gross output net inputs.  Given that the value of structures is much larger than that of ICTs, the overall impact of the use of the higher depreciation rates may be a higher estimate of the MFP growth rate.  However, a more detailed sensitivity analysis is required to make a more precise comparison.

Labour Input


In our framework the labour input for each industry is not a simple sum of hours worked but an aggregate over demographic groups using labour compensation as weights.  The worker group classifications are listed in Table 2 for both countries.  The labour force categories for the two countries are similar except for education.
  These include seven age groups, two sexes, two classes of employment and four (for Canada) or six (for the U.S.) education attainment groups.  Our experiments with the U.S. data show that the difference in education classification has only a small impact on the labour input estimates.  A detailed description of the labour data development is given in Gu and Maynard (2000) for Canada, and Jorgenson, Ho and Stiroh (2002a) for the U.S.

4. Sources of Economic Growth


We first examine the sources of output growth and labour productivity growth in the individual industries.  The decomposition of aggregate growth is discussed later in section 4.2.

4.1. Economic Growth and Sources of Productivity Growth at the Industry Level


As expressed in equation (2), the gross output growth of each industry is decomposed into MFP and the contributions associated with the five inputs — ICT capital, non-ICT capital, university labour, non-university labour and intermediate inputs.  The decomposition results for Canada are reported in Tables 3-4 for two sub-periods:  1981-1995 and 1995-2000.  The results for the U.S. are in Tables 5-6.  The tables should be read in the following manner.  The output column gives the growth rates, the five columns of input contributions give the growth rates multiplied by the share weights, and the MFP column is growth rates.  At the bottom of the tables we report averages for the ICT-producing, ICT-using, and non-ICT groups.  These groups are derived by aggregating the output and inputs of the component industries using the translog index. 


Equation (3) expresses labour productivity growth as the sum of MFP growth, capital deepening, labour quality change and intermediate input deepening.  The decomposition for Canadian industries is reported in Tables 7-8 for the two periods: 1981-1995 and 1995-2000, while the results for the U.S. are in Tables 9-10.  Since the output and labour productivity decompositions are parallel we shall discuss them together.

ICT-Producing Industries


Output growth in the three ICT-producing industries has been extraordinary.  In Canada, gross output of the computer equipment industry grew at 21.7 percent per year in 1981-1995, slowing down to 16.5 percent during 1995-2000.  The growth of communications and electronic equipment, on the other hand, accelerated from 8.9 percent 14.5 percent.  The communications industry was a more modest 5.7 percent during 1995-2000, but this was still quite a bit faster than the 4.3 percent of the non-ICT group.  The U.S. growth rates were even more astounding in the boom period of 1995-2000:  computer equipment grew at a rate of 31.5 percent per year, communications and electronic equipment at 23.5 percent and communications at 6.4 percent. On average over the past 20 years, gross output in ICT-producing industries grew at an annual rate of 8.5 percent in Canada and 10.5 percent in the U.S.  


In this period the average growth in labour productivity (LP) in these three industries was 7.8 percent in Canada and 9.8 percent in the U.S.  In the second half of the 1990s, LP in Canadian ICT-producing industries accelerated to 9.0 percent, and to 12.8 percent in the U.S.  The unprecedented rates of LP growth in the computer equipment, and communications and electronic equipment industries in all OECD countries are quite well known.  What may be less well known is that LP growth in our third ICT-producing industry, communications, is a laggard in the U.S. but grew rapidly in Canada, 1.5 percent versus 6.2% for 1995-2000.


These high labour productivity growth rates were mainly due to MFP improvements and intermediate input deepening.  Over the period 1981-2000, the average MFP growth in the three ICT-producing industries in Canada was 2.3 percent per year while in the U.S. it was 4.2 percent.  The contribution from intermediate input deepening was also sizable, at 3.8 percentage points in Canada and 4.1 percentage points in the U.S.  The contributions from other factors such as ICT capital and university-labour were small.  However, the absolute contributions of ICT capital to output growth in these industries are considerably larger than the contributions in the ICT-using or non-ICT industries.


In the earlier 1981-1995 period, the ICT-manufacturing industries in Canada were enjoying labour productivity growth rates similar to their U.S. counterparts, but by the second half of the 90s Canada was lagging behind the U.S.  In electronic equipment the 10.6 percent LP growth rate in Canada was eclipsed by the 21.1 U.S. rate, in computers it was 14.8 versus 31.1 percent. Communications differed as we have noted, with a 6.2 percent LP growth rate for Canada compared to a rate of 1.5 percent for the U.S.  This was entirely due to faster MFP growth and higher capital deepening in Canada than in the U.S.  Overall, the LP growth gap in ICT manufacturing was due to the stronger MFP performance in the U.S., and the greater intermediate input deepening there.


The acceleration of labour productivity growth in the U.S. ICT-producing industries from 8.8 percent to 12.8 percent in the second half of the 1990s was mainly due to the rise in MFP growth (from 3.6 to 5.9 percent), and the increased contribution from intermediate inputs (from 3.7 to 5.5 percent).  In contrast, the acceleration in LP growth in Canada was smaller, from 7.3 to 9.0 percent, with MFP growth only rising from 2.1 to 2.9 percent per year. 

ICT-Using Industries


While the ICT-using industries showed less spectacular growth than the ICT-manufacturing ones, they, on average, grew faster than non-ICT industries in both countries during this 20-year period.  In Canada, for example, gross output for the ICT-using group grew at 6.3 percent during the 1995-2000 period compared to 4.3 percent for the non-ICT group.  The industry with the faster growth for both countries in this group is business services, which includes software producers; during the boom period, this industry grew at 11.4 percent in Canada and 8.1 percent in the U.S.  Other transportation equipment (i.e. other than motor vehicles) also grew at an above average rate in both countries in this period.


Of the 6.3 percent output growth in Canada, intermediate input contributed 2.8 percent, non-university labour 1.0 percent, and university labour 0.7 percent.  The U.S. has a slightly lower growth rate of 5.0 percent during this 1995-2000 period, with intermediate input contributing 2.3 percent and ICT capital 1.0 percent.  The more important role of ICT capital input in the U.S. compared to labour here parallels the situation in the ICT-producing industries.


MFP played almost no role for the U.S. in this group while it was 0.7 percent in Canada, which is small, but a significantly higher figure than for the U.S.  The industries showing the best MFP growth during 1995-2000 in Canada are retail trade, FIRE, and wholesale trade. In the U.S. the fastest MFP growth was also in retail trade, followed by other transportation equipment and electrical equipment. The biggest contrast is in printing and publishing, which showed a –1.6 percent MFP growth in Canada, compared to a positive 0.6 percent in the U.S. during the boom period.


Turning to the change before and after 1995, unlike the ICT-producing group, the acceleration in growth in the ICT-using industries was somewhat greater in Canada than in the U.S.  In Canada, output growth rose from 3.2 percent during 1981-1995 to 6.3 percent during 1995-2000, with MFP growth accelerating from 0.1 to 0.7 percent per year. In the U.S., output growth only accelerated from 3.2 to 5.2 percent.  ICT capital growth was important for the acceleration, which rose from 0.5 to 1.0 percent.  The biggest acceleration was in business services in both countries, followed by wholesale and retail trade.


These differences in output growth have parallel effects on labour productivity growth. LP growth in the ICT-using industries is higher than the non-ICT ones.  For example, in the US, the LP growth for the ICT-using group was 1.4 percent during 1981-1995 compared to the 0.3 percent for non-ICT industries.  The difference between the two industry groups increased in the second half of the 1990s when LP growth in the ICT-using group accelerated.  In the U.S., the 1.4 percent LP growth rose to 2.6 percent during 1995-2000.  In Canada, the ICT-using LP growth accelerated from 1.5 percent to 2.3 percent, compared to no change in the non-ICT group.  


The acceleration of labour productivity growth in these industries in the U.S. in the second half of the 1990s was due to the increase in the ICT deepening contribution (from 0.5 to 0.9 percent), and the intermediate input deepening (from 0.5 to 1.4 percent). MFP had no role here.  On the other hand, in Canada this change was due to an increase in MFP growth (from 0.1 to 0.7 percent), the intermediate input deepening (from 0.6 to 1.2 percent), and the ICT capital deepening (from 0.2 to 0.4 percent).  The industries in Canada that saw the biggest acceleration in MFP were retail trade (0.2 to 1.9 percent per year), FIRE (-0.2 to 1.0 percent) and business services (-1.1 to 0.2 percent). In the U.S. the biggest improvements in MFP growth were for retail trade (-0.2 to 1.3 percent) and printing and publishing (-0.8 to 0.6 percent).  These dramatic changes in retail trade performance have been much noted (e.g. Foster, Haltiwanger and Kirzan 2002), including the large number of studies of Wal-Mart.


The contribution of ICT capital to labour productivity growth in the ICT-using group was not great.  However, in both countries, ICT-using industries benefited more than non-ICT industries from ICT capital deepening in the second half of the 1990s.  Of the 2.6 percent growth rate of labour productivity in the U.S., ICT capital deepening contributed 0.9 percentage points; in Canada it contributed 0.4 percentage points out of 2.3 percent.

Non-ICT Industries


The non-ICT group has the lowest rate of output growth in both countries, in both sub-periods studied. But this group too saw an acceleration in growth rates between 1981-1995 and 1995-2000, in Canada from 2.0 to 4.3 percent, and in the U.S. from 2.0 to 3.3 percent.  The industry with the biggest jump in growth rates in Canada was the small private education sector, while a big sector that grew substantially was other services (from 2.3 to 5.4 percent per year).  At the other end, coal mining shrunk and electric and gas utilities showed very slow growth.  In the U.S. most sectors had a small increase in growth, with textiles shrinking.  The sources of this 4.3 percent growth rate in Canada during 1995-2000 were intermediate input deepening (2.6 percent contribution) and non-university educated labour (0.6 percent).  This pattern of contributions is the same in the U.S.


The MFP performance in the non-ICT group, while low in both countries, is slightly better in Canada throughout this period, 0.3 versus 0.0 percent in the U.S. during 1981-1995, and 0.3 versus 0.1 during 1995-2000.  Construction, motor vehicles and transportation performed more poorly in the U.S., while mining, textiles and paper were the laggards in Canada.  Agriculture had good MFP growth in both countries (1.9 percent in the U.S. and 2.1 percent in Canada during 1995-2000).

4.2. Aggregate Growth and Sector Contributions


We now turn to the sources of aggregate growth and the contributions by each industry.  Aggregate business sector GDP is given in equation (4) as the weighted sum of value added of the 34 industries.  (The difference between business GDP and regular GDP is the government sector, which is much smaller in the U.S. as a share of the total GDP since private education and health there is bigger.)  This is a bottom-up definition of GDP, in contrast to the official top-down "C+I+G" approach used by Statistics Canada and the BEA.  The growth rates of business GDP derived from both methods are given in the bottom of Table 11, under  "Addendum".
  The difference between the two estimates, labelled as “reallocation of value added”, is small.

Sources of Aggregate Output (Value-Added) Growth


The sources of aggregate growth are given by equation (7).  The largest contributor in Canada during the boom period (1995-2000) was labour, which accounted for 2.3 percentage points out of the 5.0, while capital contributed 1.6 percentage points, and MFP growth contributed 1.1 percentage points.  On the other side of the border, where capital accumulation has always played the major role in post War growth,
 capital contributed 2.1 percentage points to the 4.5 percent growth rate while labour accounted for 1.6 percentage points and MFP growth contributed 0.8.
  The difference in the ICT capital contribution is even more pronounced.  The extremely rapid growth in ICT investment in the U.S. produced a 1.2 percentage point contribution, while, in Canada, it was only 0.6 percentage points.  The difference in labour contribution is entirely due to the higher growth rate of non-university educated labour in Canada.  We should note, however, that the non-university educated portion of the labour force expanded unusually rapidly during the boom period in both countries.


The unusual growth in employment and hours in both countries during the boom period is probably unsustainable.  Total population in Canada grew at 1.0 percent per year during 1995-2000 while hours worked grew at 2.3 percent (when the compositional changes are taken into account, aggregate labour input growth was 3.8 percent per year).  Similarly in the U.S., population growth was 1.2 percent while growth in hours worked was 2.0.


For the earlier period, 1981-1995, the sources of Canadian growth were, in order of importance, capital accumulation (1.0 percentage points), labour (1.0) and MFP (0.6). Remarkably, in the U.S. the order was also capital (1.3), labour (1.3) and MFP (0.4).


Given the industry results, it is not surprising that the acceleration in business sector growth from the 1981-1995 period to the 1995-2000 period was more pronounced in Canada, where it went from 2.6 percent per year to 5.0 percent, versus 3.0 to 4.5 percent for the U.S. (Similarly, for the total economy GDP the acceleration was from 2.4 percent to 4.1 in Canada, and from 3.0 to 4.0 in the U.S.)  This acceleration of business value-added growth in Canada was mainly driven by the change in the contribution from non-university educated labour (from 0.4 to 1.4 percentage points), and MFP (from 0.6 to 1.1), while in the U.S., it was mainly due to the change in the ICT capital contribution (from 0.6 to 1.2) as well as an increase in MFP growth (from 0.4 to 0.8).


We now turn to Equation (4) for estimating individual industry contributions to aggregate output growth.  An industry contribution is the product of its share in GDP and its value-added growth rate.  As before, we concentrate on the three industry groups: ICT-producing, ICT-using, and non-ICT industries.  In both countries, despite the rapid growth of gross output in the ICT-producing group, the value-added share for this group was essentially flat over the period 1981-2000, while the share of the ICT-using group increased at the expense of the non-ICT group.  These changes are essentially due to the expansion of FIRE and business services, and the contraction in mining, construction and agriculture.  In recent years, compared to the U.S, the Canadian economy is concentrated relatively less in ICT-producing and ICT-using industries and more in non-ICT industries.


Figure 1 gives the contributions of three major groups to aggregate output growth.  All three groups contributed to the acceleration of output growth in both countries from the 1981-1995 period to the second half of the 1990s.  Most of the acceleration in Canada was from the ICT-using and non-ICT industries, while in the U.S. all three industry groups have similar contributions.  In the U.S., during the boom period, the ICT-producing group, which only accounts for about 5 percent of total value added, contributed 0.9 percentage points to the 4.5 percent aggregate growth rate; the ICT-using group (46 percent of GDP) contributed 2.1 percentage points; and the non-ICT industries (49 percent of GDP) contributed 1.6.  In Canada, the ICT-producing sector (4 percent of GDP) was less important contributing only 0.4 percentage points to the 5.0 percent growth, while ICT-using industries (41 percent of GDP) contributed 2.4, and non-IT ones (55 percent of GDP) contributed 2.2.


Ho, Rao and Tang (2004, Figure 8) report the contributions of detailed industries.  The top four contributors to aggregate growth in Canada during the boom period are all ICT-using industries — business services, FIRE, wholesale trade, and retail trade — accounting for 2.2 percentage points of the 5.0.  In the U.S. the top two are FIRE and business services accounting for 1.2 percentage points out of the 4.6.  The third is an ICT-producing industry, communications and electronic equipment (0.5 percentage points), while the fourth highest is a non-ICT industry, health services (0.4). 

Sources of Aggregate Labour Productivity Growth


The sources of aggregate labour productivity (LP), as described in Equation (9), are reported in Table 12.  In the second half of the 1990s, aggregate LP in Canada grew at an annual rate of 1.9 percent, compared to 2.3 percent in the U.S.  In Canada, the largest contributor was MFP growth, adding 1.1 percentage points, with a modest 0.4 percent each for capital deepening and labour quality improvement.  In the U.S., the sources of growth in LP were different; ICT-capital deepening alone accounted for 1.0 percentage points out of the 2.3 percent while labour quality was held back by the surge in employment of less educated workers.  MFP growth contributed only 0.8 percent, a much smaller share than the Canadian case.  In both countries ICT capital contributed more than non-ICT capital, and university educated labour contributed more than non-university labour.


The acceleration of aggregate labour productivity growth in Canada from 1.4 percent to 1.9 percent in the boom period was mainly due to the surge in MFP growth from 0.6 to 1.1 percent per year, while capital deepening actually fell.  In the U.S., LP growth accelerated dramatically from 1.3 percent in 1981-1995 to 2.3 percent during 1995-2000.  Greater ICT-capital deepening and higher MFP growth contributed equally here. 


Equation (10) shows how aggregate labour productivity growth is made up of industry contributions and reallocation of hours.  For Canada during 1995-2000, the aggregate LP growth of 1.9 percent per year comes from the sum of industry contributions (2.1 percent) and reallocation (-0.2 percent).  Let us focus on the sum of industry contributions (the first term on the right of equation 10) and consider the contributions of three major industry groups.  These are summarized in Figure 2.  The biggest source of acceleration of LP growth in Canada is the ICT-using group whose contribution rose from 0.6 during 1981-1995 to 0.9 during 1995-2000.  In the U.S., all three groups contributed to the acceleration in LP growth, with the ICT producing industries contribution rising from 0.5 to 0.7.


Ho, Rao and Tang (2004, Figures 9-11) report the detailed industry contributions.  During 1981-1995 the top four contributors to Canadian aggregate LP growth were wholesale trade, FIRE, communications, and transportation.  By the late 1990s, the top sector FIRE contributed 0.4 percentage points out of the 2.1 total, followed by retail trade (0.3), communications (0.2), and agriculture (0.2). Health services was the big laggard in all periods with its negative MFP growth.  Note, however, that the persistent negative MFP growth in health service may be a result of the incorrectly measured output for this industry.   The picture in the U.S. is somewhat different where the biggest contributors to aggregate LP growth in the boom period were communications and electronic equipment (0.4 out of 2.5), computers (0.3), FIRE (0.3) and retail trade (0.3).

Sources of Aggregate MFP Growth


The individual industry contributions to aggregate MFP growth are given by the Domar weighting scheme in Equation (11).  Each industry contribution is the product of its MFP growth and the Domar weight. Again, the sum of Domar weights is about 2 in both countries.  The contributions of the three major industry groups are given in Figure 3. 


In Canada, of the 1.1 percent aggregate MFP growth rate during 1995-2000, the ICT-using group contributed 0.5, and while the non-ICT industries contributed 0.4 due to their large Domar weights.  The ICT-producing industries had a high MFP growth rate (2.9 percent per year) but a Domar weight of only 0.1 resulting in a smaller 0.2 contribution.  On the other hand, in the U.S., the extraordinary 5.9 percent MFP growth rate in ICT-producing industries resulted in a 0.6 percentage point contribution to the total 0.8 percent growth.  The ICT-using and non-ICT industries only contributed 0.1 percentage points each due to their poor 0.1 percent per year MFP growth.
 


From the detailed industry contributions (Figures 12-14 of Ho, Rao and Tang 2004), the biggest sources of Canadian business MFP growth in 1981-1995 were wholesale trade (ICT-using), agriculture, transportation, and primary metals. In the boom period, of the 1.1 percent aggregate MFP growth, FIRE alone contributed 0.2 percentage points, followed by retail trade (0.2), motor vehicles (0.2), and other services (0.1).  Nine industries with falling MFP made negative contributions.  On the other hand, in the U.S. in the 1981-1995 period, the biggest contributor to the MFP growth was the ICT-producing computers, followed by wholesale trade, communications and electronic equipment, and agriculture.  In the 1995-2000 period, of the 0.8 percent aggregate MFP growth, communications and electronic equipment contributed 0.4 percentage points, computers 0.3 points (both ICT-producing), followed by retail trade 0.2 points.  There were eight industries in the U.S. making negative contributions.

5. Conclusions


Our objective has been to account for the sources of growth during the economic boom in both countries. We agree with the popular opinion that the information and communications technology (ICT) sectors have played an important role. There is some confusion between the roles of ICT as producers versus the impacts as inputs of the outputs of these sectors on other industries.  We have carefully distinguished between the two, identifying 3 industries as ICT-producers, and identifying ICT equipment as capital input.  Much attention has also been paid in the growth literature to human capital and we also make a distinction between highly educated workers and others.  In order to compare the Canadian experience with the U.S., we developed comparable industry data covering 34 industries. 


We find some similarities between the two countries but the differences are striking too.  Both went from a period of modest growth during 1981-1995 to a boom during 1995-2000.  Both saw a large, probably unsustainable, increase in less educated labour.  In both countries the computer and electronic equipment industries grew rapidly and had high multifactor productivity (MFP) growth.


The sources of growth in the entire business sector during the boom period, however, are different.  The main source of growth in aggregate output in the U.S. was the accumulation of ICT capital, with roughly equal roles for MFP and both types of labour.  On the other hand, in Canada, the increased use of non-university labour and MFP growth were the main factors, ICT capital played a role that is about half of that in the U.S.  Looking at ICT from the production point of view, in terms of industry contributions the biggest sources in Canada were concentrated in the ICT-using and non-ICT groups, while in the U.S. all the three groups, including the ICT-producing one, contributed to the growth revival.


Looking at individual industries, we find that ICT capital was the main source of higher labour productivity growth in the U.S. during the 1995-2000 period across a wide range of industries.  On the other hand, in Canada, ICT capital made a big contribution only in a few industries such as communications and wholesale trade.  Much attention has been paid to the extraordinary MFP growth in the U.S. ICT-producing sector.  However, we would like to emphasize that the average performance over the 34 industries in Canada is quite a bit better.  Furthermore, in the communications sector (a large ICT-producing industry) the Canadian MFP growth is 1.7 percent per year compared to the -1.2 percent in the U.S.  In terms of industry contributions, the tiny ICT-producing group accounts for some 20 percent of aggregate labour productivity growth in the U.S. in the boom period, while in Canada it was only 9 percent.  The ICT-using industries were the major contributors in both countries.


Our estimates are based on data made available by Statistics Canada and the Bureau of Economic Analysis.  The quality of the data are discussed elsewhere, and while revisions will change the details, we believe that the overall conclusions of a common productivity revival and distinct sources of growth will remain valid.  The more difficult task of providing an explanation and a model for explaining the unexpected boom is still before us,
 but we hope to have contributed to laying out the facts to be explained.
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Table 1: Depreciation Rates of Non-Residential Reproducible Capital Assets in Canada and the U.S.

	
	Reproducible Assets
	Canada
	U.S.

	
	High-Tech
	
	

	1
	Computers and office equipment 
	0.51
	0.22

	2
	Communication equipment
	0.20
	0.11

	3
	Pre-packaged software
	0.67
	0.32

	4
	Custom designed software
	0.40
	0.32

	5
	Own Account software
	0.40
	0.32

	
	Low-Tech
	
	

	6
	Office furniture, furnishing
	0.33
	0.11

	7
	Household and services machinery and equipment
	0.14
	0.17

	8
	Electrical industrial machinery and equipment
	0.19
	0.07

	9
	Non-electrical industrial machinery and equipment
	0.22
	0.12

	10
	Industrial containers
	0.05
	0.11

	11
	Conveyors and industrial trucks
	0.18
	0.19

	12
	Automobiles and buses
	0.20
	0.23

	13
	Trucks (excluding industrial trucks) and trailers
	0.20
	0.19

	14
	Locomotives, ships and boats (including major replacement parts)
	0.12
	0.06

	15
	Aircraft, aircraft engines and other major replacement parts
	0.06
	0.08

	16
	Other equipments
	0.20
	0.15

	
	Structures
	
	

	17
	Non-residential building construction
	0.07
	0.03

	18
	Road, highway and airport runway construction
	0.10
	0.03

	19
	Gas, oil facility construction
	0.08
	0.05

	20
	Electric power, dams and irrigation construction
	0.06
	0.02

	21
	Railway and telecommunications construction
	0.10
	0.02

	22
	Other engineering construction
	0.08
	0.04

	
	Tenants Occupied Dwelling
	
	

	23
	Singles
	0.02
	0.01

	24
	Multiples
	0.02
	0.01

	25
	Mobiles
	0.02
	0.05

	26
	Cottages
	0.02
	0.02


Sources: Software and assets associated with tenants occupied dwelling for Canada are from conversation with the Investment and Capital Stock Division of Statistics Canada and the rest are from Gellatly, Tanguay and Yan (2002).   For the U.S., it was based on Jorgenson, Ho and Stiroh (1999).

Table 2: Labour Force Matrix in Canada and the U.S.: 1981-2000

	Characteristics
	Number of Categories
	Type

	Canada

	Sex
	2
	Female, male

	Class of Employment
	2
	Paid employees, self-employed

	Age
	7
	15-17, 18-24, 25-34, 35-44, 45-54, 55-64, 65+ years

	Education
	4
	0-8 years grade school, some or completed high school, some or completed post-secondary, university or above

	U.S.

	Sex
	2
	Female, male

	Class of Employment
	2
	Paid employees, self-employed

	Age
	7
	16-17, 18-24, 25-34, 35-44, 45-54, 55-64, 65+ years

	Education
	6
	1981-1992
	0-8 years grade school, 1-3 years high school, 

4 years high school, 1-3 years college, 4 years college, 5 years college or more

	
	
	1992-2000
	0-8 years grade school; grade 9-12, no diploma; high school graduate; some college, no B.A.; bachelor’s degree; more than B.A. degree 


Table 3: Sources of Gross Output Growth in Canadian Industries: 1981-1995

	Industry
	Gross

Output
	MFP
	ICT Capital 
	Non-ICT

Capital


	University Labour 
	Non-university Labour 
	Intermediate

Input



	1
	Agriculture
	2.01
	1.67
	0.02
	-0.47
	0.07
	-0.05
	0.77

	2
	Non-energy mining
	0.67
	0.92
	0.02
	-0.10
	0.10
	-0.25
	-0.03

	3
	Coal mining
	4.33
	4.26
	0.01
	-0.35
	-0.02
	0.04
	0.39

	4
	Crude petroleum
	3.77
	1.25
	0.01
	1.91
	0.08
	0.08
	0.44

	5
	Construction
	-0.13
	-0.34
	0.03
	0.08
	0.06
	0.13
	-0.08

	6
	Wood and furniture
	2.84
	0.51
	0.02
	0.10
	0.08
	0.14
	2.00

	7
	Non-metallic
	-0.38
	0.33
	0.04
	-0.31
	0.07
	-0.46
	-0.05

	8
	Primary metal
	1.81
	1.25
	0.05
	-0.16
	0.00
	-0.44
	1.11

	9
	Fabricated metal
	0.17
	0.35
	0.04
	-0.10
	0.04
	-0.17
	0.00

	10
	Machinery
	2.00
	0.55
	0.07
	0.06
	0.12
	0.05
	1.14

	11
	Computers
	21.65
	6.64
	0.22
	0.67
	0.21
	0.02
	13.92

	12
	Electrical equip.
	-1.16
	0.33
	0.13
	-0.13
	0.06
	-0.95
	-0.60

	13
	Electronic equip.
	8.92
	1.66
	0.25
	0.52
	0.55
	0.21
	5.74

	14
	Motor vehicles
	7.32
	0.78
	0.04
	0.41
	0.07
	0.33
	5.69

	15
	Other trans. Equip.
	1.55
	0.08
	0.04
	0.10
	0.22
	-0.45
	1.56

	16
	Misc. Manuf.
	0.99
	0.11
	0.12
	0.17
	0.16
	-0.06
	0.48

	17
	Food and tobacco
	0.82
	0.04
	0.06
	-0.07
	0.07
	-0.10
	0.82

	18
	Textiles
	-0.32
	0.48
	0.03
	-0.07
	0.09
	-0.68
	-0.18

	19
	Paper and allied
	1.94
	0.71
	0.03
	-0.01
	0.04
	-0.20
	1.36

	20
	Printing 
	0.49
	-1.20
	0.15
	0.26
	0.15
	0.35
	0.78

	21
	Chemicals
	2.17
	0.90
	0.09
	-0.03
	0.12
	-0.07
	1.17

	22
	Petroleum refining
	-0.48
	-0.46
	0.03
	-0.05
	0.01
	-0.14
	0.13

	23
	Rubber and plastics
	4.19
	0.81
	0.09
	0.31
	0.10
	0.43
	2.46

	24
	Transportation 
	2.91
	0.88
	0.10
	0.24
	0.15
	0.39
	1.17

	25
	Communications
	5.05
	1.51
	1.24
	0.70
	0.33
	0.06
	1.22

	26
	Electric utilities
	2.69
	0.11
	0.41
	0.74
	0.17
	0.16
	1.11

	27
	Gas utilities
	2.30
	-1.28
	0.30
	1.96
	0.31
	0.55
	0.47

	28
	Wholesale trade
	4.60
	1.67
	0.17
	0.38
	0.45
	0.64
	1.31

	29
	Retail trade
	2.55
	0.18
	0.15
	0.33
	0.30
	0.75
	0.86

	30
	FIRE
	3.38
	-0.21
	0.38
	1.07
	0.39
	0.23
	1.52

	31
	Business services
	5.27
	-1.14
	0.59
	0.86
	1.80
	1.17
	2.01

	32
	Health services
	3.35
	-0.78
	0.13
	0.24
	1.10
	1.53
	1.13

	33
	Education, private
	1.76
	-2.75
	0.35
	0.12
	1.72
	1.08
	1.24

	34
	Other services
	2.32
	-0.88
	0.39
	0.42
	0.30
	0.74
	1.36

	Industry Group

	   ICT-producing industries*
	7.96
	2.11
	0.85
	0.64
	0.37
	0.08
	3.92

	   ICT-using industries**
	3.16
	0.08
	0.27
	0.61
	0.51
	0.44
	1.27

	   Non-ICT industries
	1.98
	0.27
	0.09
	0.22
	0.13
	0.15
	1.13


Notes: * ICT-producing industries are computer, electronic equipment and communications.

**ICT-using industries are machinery, electrical equipment, printing and publishing, other transportation equipment, miscellaneous manufacturing, wholesale trade, retail trade, finance, insurance and real estate, and business services.

“MFP” is growth in multifactor productivity. 

Table 4: Sources of Gross Output Growth in Canadian Industries: 1995-2000

	Industry
	Gross

Output
	MFP
	ICT Capital 
	Non-ICT

Capital


	University Labour 
	Non-university Labour 
	Intermediate

Input



	1
	Agriculture
	3.53
	2.12
	0.07
	0.38
	0.04
	-0.55
	1.48

	2
	Non-energy mining
	0.76
	-0.86
	0.05
	0.82
	0.17
	0.84
	-0.26

	3
	Coal mining
	-1.65
	2.55
	0.06
	-1.22
	-0.08
	-1.16
	-1.81

	4
	Crude petroleum
	4.39
	-2.57
	0.04
	3.79
	0.07
	0.09
	2.97

	5
	Construction
	3.62
	0.19
	0.04
	0.16
	0.14
	1.11
	1.97

	6
	Wood and furniture
	5.35
	0.83
	0.03
	0.40
	0.09
	0.69
	3.30

	7
	Non-metallic
	5.11
	1.85
	0.07
	0.05
	0.15
	0.63
	2.36

	8
	Primary metal
	4.74
	0.96
	0.04
	0.29
	0.05
	0.22
	3.19

	9
	Fabricated metal
	6.12
	0.49
	0.07
	0.49
	0.18
	1.31
	3.57

	10
	Machinery
	1.73
	-1.20
	0.15
	0.56
	0.19
	1.17
	0.84

	11
	Computers
	16.52
	5.91
	0.12
	0.12
	0.14
	0.20
	10.04

	12
	Electrical equip.
	4.38
	0.01
	0.30
	0.91
	0.24
	0.68
	2.25

	13
	Electronic equip.
	14.49
	3.27
	0.25
	1.46
	0.35
	0.45
	8.71

	14
	Motor vehicles
	7.96
	1.23
	0.04
	0.29
	0.07
	0.44
	5.90

	15
	Other trans. Equip.
	7.13
	-1.09
	0.06
	2.03
	0.20
	0.64
	5.30

	16
	Misc. Manuf.
	5.55
	0.48
	0.25
	0.51
	0.22
	0.61
	3.49

	17
	Food and tobacco
	2.87
	-0.50
	0.14
	0.33
	0.09
	0.32
	2.48

	18
	Textiles
	1.30
	-0.72
	0.09
	0.12
	0.16
	0.50
	1.16

	19
	Paper and allied
	1.83
	0.28
	0.07
	0.57
	0.04
	0.19
	0.68

	20
	Printing 
	3.89
	-1.66
	0.42
	0.34
	0.34
	0.94
	3.52

	21
	Chemicals
	2.24
	0.18
	0.13
	0.45
	0.23
	0.25
	0.99

	22
	Petroleum refining
	2.75
	-0.05
	0.01
	-0.03
	0.12
	0.23
	2.47

	23
	Rubber and plastics
	6.22
	0.29
	0.10
	0.58
	0.22
	1.03
	4.00

	24
	Transportation 
	3.78
	0.39
	0.24
	0.65
	0.13
	0.81
	1.55

	25
	Communications
	5.69
	1.71
	2.04
	0.97
	0.01
	-0.05
	1.01

	26
	Electric utilities
	0.67
	0.80
	0.45
	-1.31
	0.03
	0.06
	0.64

	27
	Gas utilities
	0.99
	-0.95
	0.69
	1.61
	-0.10
	-0.34
	0.07

	28
	Wholesale trade
	6.71
	0.85
	0.38
	0.57
	0.56
	1.88
	2.46

	29
	Retail trade
	5.50
	1.86
	0.39
	0.39
	0.20
	0.46
	2.20

	30
	FIRE
	4.99
	0.96
	0.59
	0.46
	0.25
	0.32
	2.41

	31
	Business services
	11.37
	0.15
	0.65
	1.05
	2.68
	2.20
	4.64

	32
	Health services
	4.55
	-3.78
	0.09
	0.15
	5.00
	1.23
	1.85

	33
	Education, private
	22.35
	4.33
	0.12
	0.03
	8.84
	4.07
	4.96

	34
	Other services
	5.38
	0.97
	0.32
	0.19
	0.25
	0.77
	2.88

	Industry Group

	   ICT-producing industries*
	10.04
	2.91
	1.19
	1.04
	0.14
	0.14
	4.61

	   ICT-using industries**
	6.28
	0.67
	0.47
	0.63
	0.68
	0.99
	2.84

	   Non-ICT industries
	4.31
	0.30
	0.12
	0.42
	0.31
	0.57
	2.59


Notes: * ICT-producing industries are computer, electronic equipment and communications.

**ICT-using industries are machinery, electrical equipment, printing and publishing, other transportation equipment, miscellaneous manufacturing, wholesale trade, retail trade, finance, insurance and real estate, and business services.

“MFP” is growth in multifactor productivity. 

Table 5: Sources of Gross Output Growth in U.S. Industries: 1981-1995

	Industry
	Gross

Output
	MFP
	ICT Capital 
	Non-ICT

Capital


	University Labour 
	Non-university Labour 
	Intermediate

Input



	1
	Agriculture
	1.75
	1.65
	0.02
	-0.08
	0.25
	-0.13
	0.04

	2
	Non-energy mining
	1.95
	1.20
	0.11
	-0.19
	0.07
	-0.53
	1.29

	3
	Coal mining
	1.62
	3.35
	0.08
	-0.28
	0.01
	-1.49
	-0.04

	4
	Crude petroleum
	-1.86
	0.24
	0.07
	0.25
	-0.05
	-0.43
	-1.96

	5
	Construction
	1.33
	-0.74
	0.03
	-0.03
	0.21
	0.81
	1.06

	6
	Wood and furniture
	2.39
	0.12
	0.05
	0.04
	0.09
	0.43
	1.67

	7
	Non-metallic
	1.29
	0.81
	0.03
	-0.11
	0.07
	0.01
	0.49

	8
	Primary metal
	-0.45
	0.74
	0.04
	-0.18
	-0.03
	-0.37
	-0.64

	9
	Fabricated metal
	1.49
	0.56
	0.10
	0.05
	-0.01
	-0.01
	0.81

	10
	Machinery
	0.61
	-0.40
	0.26
	0.22
	0.12
	-0.35
	0.77

	11
	Computers
	19.35
	10.88
	0.08
	-0.12
	0.15
	-0.31
	8.66

	12
	Electrical equip.
	2.34
	1.12
	0.10
	-0.27
	0.23
	-0.48
	1.63

	13
	Electronic equip.
	12.52
	5.77
	0.53
	1.22
	0.29
	-0.15
	4.86

	14
	Motor vehicles
	4.93
	0.31
	0.04
	0.07
	0.07
	0.22
	4.24

	15
	Other trans. Equip.
	0.11
	0.38
	0.17
	0.09
	0.08
	-0.82
	0.22

	16
	Misc. Manuf.
	2.45
	0.28
	0.30
	0.23
	0.42
	-0.33
	1.56

	17
	Food and tobacco
	1.70
	0.57
	0.07
	0.16
	0.06
	-0.04
	0.88

	18
	Textiles
	1.26
	0.64
	0.06
	0.04
	0.10
	-0.45
	0.86

	19
	Paper and allied
	1.98
	-0.23
	0.07
	0.31
	0.16
	0.11
	1.56

	20
	Printing 
	2.00
	-0.82
	0.38
	0.28
	0.57
	0.26
	1.33

	21
	Chemicals
	1.33
	0.32
	0.16
	0.28
	0.25
	-0.17
	0.48

	22
	Petroleum refining
	1.19
	1.67
	0.02
	0.09
	0.02
	-0.08
	-0.53

	23
	Rubber and plastics
	4.96
	1.29
	0.08
	0.26
	0.27
	0.62
	2.45

	24
	Transportation 
	3.40
	0.59
	0.12
	-0.06
	0.45
	0.70
	1.60

	25
	Communications
	2.63
	-0.11
	0.87
	0.73
	0.29
	-0.25
	1.11

	26
	Electric utilities
	1.78
	0.13
	0.29
	0.68
	0.16
	-0.12
	0.64

	27
	Gas utilities
	-3.67
	-2.33
	0.23
	0.09
	0.04
	-0.09
	-1.61

	28
	Wholesale trade
	4.33
	1.40
	0.76
	0.53
	0.36
	0.34
	0.95

	29
	Retail trade
	2.55
	-0.16
	0.18
	0.38
	0.28
	0.71
	1.17

	30
	FIRE
	3.69
	-0.19
	0.58
	1.22
	0.49
	0.09
	1.50

	31
	Business services
	5.78
	-0.45
	1.31
	0.36
	1.36
	1.57
	1.63

	32
	Health services
	3.50
	-0.99
	0.35
	0.54
	1.29
	0.96
	1.35

	33
	Education, private
	2.60
	-1.06
	0.04
	0.06
	1.74
	0.25
	1.58

	34
	Other services
	3.43
	-0.17
	0.11
	0.52
	0.34
	0.83
	1.80

	Industry Group

	   ICT producing industries*
	8.44
	3.55
	0.63
	0.69
	0.26
	-0.23
	3.53

	   ICT-using industries**
	3.21
	0.09
	0.52
	0.61
	0.46
	0.30
	1.25

	   Non-ICT industries
	1.99
	-0.02
	0.13
	0.22
	0.37
	0.33
	0.97


Notes: * ICT producing industries are computer, electronic equipment and communications.

**ICT using industries are machinery, electrical equipment, printing and publishing, other transportation equipment, miscellaneous manufacturing, wholesale trade, retail trade, finance, insurance and real estate, and business services.

“MFP” is growth in multifactor productivity. 

Table 6: Sources of Gross Output Growth in U.S. Industries: 1995-2000

	Industry
	Gross

Output
	MFP
	ICT Capital 
	Non-ICT

Capital


	University Labour 
	Non-university Labour 
	Intermediate

Input



	1
	Agriculture
	3.33
	1.94
	0.05
	0.37
	-0.34
	0.25
	1.07

	2
	Non-energy mining
	1.80
	0.46
	0.18
	0.55
	-0.30
	-0.13
	1.04

	3
	Coal mining
	0.80
	3.57
	0.18
	0.08
	-0.46
	-1.47
	-1.10

	4
	Crude petroleum
	1.10
	0.98
	0.18
	0.39
	-0.34
	-0.04
	-0.06

	5
	Construction
	4.48
	-0.95
	0.12
	0.41
	0.18
	1.49
	3.23

	6
	Wood and furniture
	3.25
	0.86
	0.10
	0.20
	0.19
	0.41
	1.49

	7
	Non-metallic
	5.60
	0.87
	0.24
	0.64
	0.25
	0.43
	3.17

	8
	Primary metal
	3.04
	2.50
	0.08
	0.13
	0.07
	0.00
	0.27

	9
	Fabricated metal
	5.58
	1.63
	0.20
	0.29
	0.19
	0.34
	2.94

	10
	Machinery
	3.88
	0.24
	0.57
	0.28
	0.03
	0.18
	2.58

	11
	Computers
	31.50
	16.76
	0.29
	0.37
	-0.09
	0.07
	14.10

	12
	Electrical equip.
	3.56
	0.94
	0.09
	-0.35
	0.03
	-0.12
	2.98

	13
	Electronic equip.
	23.47
	11.31
	0.87
	1.81
	0.14
	0.38
	8.96

	14
	Motor vehicles
	6.07
	0.65
	0.06
	0.22
	0.10
	0.08
	4.97

	15
	Other trans. Equip.
	5.99
	0.94
	0.31
	0.10
	0.73
	-0.20
	4.10

	16
	Misc. Manuf.
	4.18
	-0.24
	0.53
	0.21
	0.74
	-0.27
	3.22

	17
	Food and tobacco
	1.52
	0.01
	0.12
	0.33
	0.03
	0.03
	1.00

	18
	Textiles
	-1.07
	2.13
	0.11
	-0.03
	-0.25
	-1.23
	-1.80

	19
	Paper and allied
	0.79
	1.83
	0.11
	0.19
	-0.04
	-0.15
	-1.14

	20
	Printing 
	1.97
	0.56
	0.80
	0.13
	0.09
	-0.07
	0.46

	21
	Chemicals
	2.20
	0.50
	0.26
	0.51
	0.07
	0.04
	0.82

	22
	Petroleum refining
	1.50
	-3.71
	0.01
	-0.10
	-0.07
	-0.08
	5.46

	23
	Rubber and plastics
	3.45
	1.51
	0.20
	0.53
	0.11
	0.18
	0.93

	24
	Transportation 
	2.81
	-0.22
	0.40
	0.45
	0.18
	0.67
	1.33

	25
	Communications
	6.41
	-1.20
	1.84
	0.90
	0.52
	0.59
	3.76

	26
	Electric utilities
	2.87
	2.33
	0.22
	0.21
	0.00
	-0.40
	0.50

	27
	Gas utilities
	-0.65
	0.33
	0.34
	0.34
	-0.04
	-0.26
	-1.36

	28
	Wholesale trade
	4.16
	0.08
	1.41
	0.55
	0.24
	0.43
	1.45

	29
	Retail trade
	4.17
	1.31
	0.30
	0.44
	0.33
	0.31
	1.47

	30
	FIRE
	5.26
	0.01
	1.18
	1.00
	0.44
	0.17
	2.45

	31
	Business services
	8.15
	-1.38
	1.76
	0.83
	1.50
	1.87
	3.59

	32
	Health services
	3.67
	-1.07
	0.57
	0.53
	1.37
	0.57
	1.71

	33
	Education, private
	2.87
	-1.55
	0.09
	0.07
	2.24
	0.41
	1.62

	34
	Other services
	4.42
	0.51
	0.23
	0.48
	0.31
	0.49
	2.40

	Industry Group

	   ICT-producing industries*
	16.22
	5.88
	1.27
	1.09
	0.29
	0.44
	7.25

	   ICT-using industries**
	5.02
	0.12
	1.00
	0.64
	0.52
	0.43
	2.31

	   Non-ICT industries
	3.32
	0.11
	0.25
	0.38
	0.38
	0.39
	1.79


Notes: * ICT-producing industries are computer, electronic equipment and communications.

**ICT-using industries are machinery, electrical equipment, printing and publishing, other transportation equipment, miscellaneous manufacturing, wholesale trade, retail trade, finance, insurance and real estate, and business services.

“MFP” is growth in multifactor productivity. 

Table 7: Sources of Labour Productivity Growth in Canadian Industries: 1981-1995

	Industry
	LP
	MFP
	ICT Capital Deepening
	Non-ICT

Capital

Deepening
	University Labour Quality 
	Non-university Labour Quality
	Intermediate

Input

Intensity

	1
	Agriculture
	2.62
	1.67
	0.02
	-0.36
	0.09
	0.08
	1.11

	2
	Non-energy mining
	1.80
	0.92
	0.02
	0.23
	0.12
	0.05
	0.46

	3
	Coal mining
	4.54
	4.26
	0.01
	-0.36
	-0.01
	0.11
	0.53

	4
	Crude petroleum
	2.06
	1.25
	0.01
	0.38
	0.08
	0.04
	0.31

	5
	Construction
	-0.41
	-0.34
	0.03
	0.06
	0.06
	0.08
	-0.29

	6
	Wood and furniture
	2.36
	0.51
	0.02
	-0.02
	0.08
	0.08
	1.70

	7
	Non-metallic
	1.27
	0.33
	0.05
	-0.15
	0.11
	0.02
	0.92

	8
	Primary metal
	4.44
	1.25
	0.06
	0.04
	0.05
	0.09
	2.97

	9
	Fabricated metal
	0.82
	0.35
	0.04
	-0.10
	0.06
	0.09
	0.38

	10
	Machinery
	1.62
	0.55
	0.08
	-0.11
	0.11
	0.05
	0.94

	11
	Computers
	21.86
	6.64
	0.22
	0.66
	0.22
	0.01
	14.12

	12
	Electrical equip.
	3.02
	0.33
	0.16
	0.37
	0.21
	0.05
	1.91

	13
	Electronic equip.
	7.38
	1.66
	0.23
	0.29
	0.43
	-0.22
	5.00

	14
	Motor vehicles
	4.67
	0.78
	0.03
	0.18
	0.05
	-0.01
	3.65

	15
	Other trans. Equip.
	2.61
	0.08
	0.05
	0.24
	0.26
	-0.04
	2.04

	16
	Misc. Manuf.
	0.91
	0.11
	0.12
	0.15
	0.17
	-0.03
	0.40

	17
	Food and tobacco
	1.52
	0.04
	0.06
	0.03
	0.08
	0.01
	1.31

	18
	Textiles
	2.37
	0.48
	0.04
	0.22
	0.15
	0.06
	1.44

	19
	Paper and allied
	3.24
	0.71
	0.04
	0.16
	0.07
	0.09
	2.19

	20
	Printing 
	-0.55
	-1.20
	0.15
	0.08
	0.13
	0.04
	0.26

	21
	Chemicals
	2.33
	0.90
	0.09
	-0.01
	0.13
	-0.05
	1.28

	22
	Petroleum refining
	3.94
	-0.46
	0.04
	0.03
	0.05
	0.01
	4.28

	23
	Rubber and plastics
	2.38
	0.81
	0.08
	0.07
	0.07
	0.02
	1.34

	24
	Transportation 
	1.65
	0.88
	0.08
	0.03
	0.12
	-0.05
	0.59

	25
	Communications
	4.65
	1.51
	1.14
	0.62
	0.31
	-0.04
	1.11

	26
	Electric utilities
	1.72
	0.11
	0.40
	0.09
	0.14
	0.03
	0.96

	27
	Gas utilities
	-0.76
	-1.28
	0.26
	0.09
	0.19
	-0.02
	0.01

	28
	Wholesale trade
	3.07
	1.67
	0.16
	0.07
	0.36
	-0.01
	0.82

	29
	Retail trade
	1.12
	0.18
	0.14
	0.13
	0.24
	0.03
	0.41

	30
	FIRE
	1.89
	-0.21
	0.35
	0.60
	0.31
	-0.10
	0.94

	31
	Business services
	1.26
	-1.14
	0.50
	0.43
	0.75
	-0.09
	0.82

	32
	Health services
	-2.06
	-0.78
	0.09
	-0.64
	-0.96
	0.31
	-0.09

	33
	Education, private
	-4.81
	-2.75
	0.26
	-0.03
	0.40
	-0.37
	-2.34

	34
	Other services
	0.34
	-0.88
	0.35
	0.16
	0.22
	-0.05
	0.54

	Industry Group

	   ICT-producing industries*
	7.31
	2.11
	0.76
	0.50
	0.34
	-0.08
	3.70

	   ICT-using industries**
	1.50
	0.08
	0.25
	0.27
	0.39
	-0.11
	0.62

	   Non-ICT industries
	1.24
	0.27
	0.09
	0.08
	0.11
	-0.02
	0.72


Notes: * ICT-producing industries are computer, electronic equipment and communications.

**ICT-using industries are machinery, electrical equipment, printing and publishing, other transportation equipment, miscellaneous manufacturing, wholesale trade, retail trade, finance, insurance and real estate, and business services.

“LP” is growth in labour productivity.

“MFP” is growth in multifactor productivity.

Table 8: Sources of Labour Productivity Growth in Canadian Industries: 1995-2000

	Industry
	LP
	MFP
	ICT Capital Deepening
	Non-ICT

Capital

Deepening
	University Labour Quality Improv.
	Non-university Labour Quality Improv.
	Intermediate

Input

Intensity

	1
	Agriculture
	7.06
	2.12
	0.08
	0.98
	0.12
	0.07
	3.70

	2
	Non-energy mining
	-2.37
	-0.86
	0.04
	-0.04
	0.06
	0.05
	-1.62

	3
	Coal mining
	3.04
	2.55
	0.08
	0.29
	0.02
	0.03
	0.05

	4
	Crude petroleum
	2.72
	-2.57
	0.04
	2.81
	0.02
	0.01
	2.40

	5
	Construction
	0.33
	0.19
	0.03
	-0.08
	0.05
	0.06
	0.07

	6
	Wood and furniture
	1.98
	0.83
	0.02
	-0.14
	0.03
	-0.04
	1.29

	7
	Non-metallic
	2.95
	1.85
	0.05
	-0.32
	0.08
	0.16
	1.13

	8
	Primary metal
	3.33
	0.96
	0.03
	0.10
	0.02
	0.01
	2.21

	9
	Fabricated metal
	1.40
	0.49
	0.06
	-0.17
	0.04
	0.13
	0.85

	10
	Machinery
	-3.18
	-1.20
	0.12
	-0.28
	0.01
	-0.03
	-1.79

	11
	Computers
	14.79
	5.91
	0.09
	0.00
	0.01
	0.01
	8.77

	12
	Electrical equip.
	1.24
	0.01
	0.25
	0.49
	0.08
	0.10
	0.31

	13
	Electronic equip.
	10.56
	3.27
	0.20
	0.90
	0.04
	0.04
	6.10

	14
	Motor vehicles
	3.22
	1.23
	0.03
	-0.07
	0.01
	-0.04
	2.05

	15
	Other trans. Equip.
	3.60
	-1.09
	0.04
	1.35
	0.04
	-0.02
	3.28

	16
	Misc. Manuf.
	1.98
	0.48
	0.21
	-0.13
	0.02
	-0.15
	1.55

	17
	Food and tobacco
	0.80
	-0.50
	0.12
	0.01
	0.05
	0.07
	1.04

	18
	Textiles
	-0.47
	-0.72
	0.08
	-0.19
	0.10
	0.10
	0.17

	19
	Paper and allied
	0.96
	0.28
	0.07
	0.43
	0.02
	0.04
	0.12

	20
	Printing 
	0.34
	-1.66
	0.34
	-0.31
	0.10
	0.01
	1.86

	21
	Chemicals
	-1.30
	0.18
	0.10
	-0.40
	0.05
	-0.06
	-1.17

	22
	Petroleum refining
	-3.51
	-0.05
	0.00
	-0.11
	0.01
	0.01
	-3.37

	23
	Rubber and plastics
	1.43
	0.29
	0.07
	-0.19
	0.06
	0.03
	1.17

	24
	Transportation 
	1.33
	0.39
	0.21
	0.24
	0.05
	0.01
	0.43

	25
	Communications
	6.18
	1.71
	2.11
	1.07
	0.05
	0.08
	1.15

	26
	Electric utilities
	0.17
	0.80
	0.43
	-1.62
	0.01
	0.02
	0.53

	27
	Gas utilities
	3.45
	-0.95
	0.73
	3.14
	0.02
	0.04
	0.48

	28
	Wholesale trade
	1.59
	0.85
	0.29
	-0.25
	0.11
	0.03
	0.55

	29
	Retail trade
	4.28
	1.86
	0.37
	0.22
	0.12
	-0.07
	1.77

	30
	FIRE
	3.33
	0.96
	0.54
	-0.04
	0.10
	0.03
	1.74

	31
	Business services
	2.61
	0.15
	0.46
	0.42
	0.04
	0.02
	1.52

	32
	Health services
	-2.11
	-3.78
	0.05
	-0.45
	2.06
	-0.29
	0.30

	33
	Education, private
	4.81
	4.33
	-0.02
	-0.32
	2.31
	-0.08
	-1.41

	34
	Other services
	3.27
	0.97
	0.27
	-0.08
	0.13
	0.04
	1.94

	Industry Group

	   ICT-producing industries*
	9.02
	2.91
	1.07
	0.86
	0.07
	0.02
	4.08

	   ICT-using industries**
	2.33
	0.67
	0.39
	-0.13
	0.23
	-0.08
	1.24

	   Non-ICT industries
	1.86
	0.30
	0.11
	-0.01
	0.20
	0.06
	1.20


Notes: * ICT-producing industries are computer, electronic equipment and communications.

**ICT-using industries are machinery, electrical equipment, printing and publishing, other transportation equipment, miscellaneous manufacturing, wholesale trade, retail trade, finance, insurance and real estate, and business services.

“LP” is growth in labour productivity.

“MFP” is growth in multifactor productivity.

Table 9: Sources of Labour Productivity Growth in U.S. Industries: 1981-1995

	Industry
	LP
	MFP
	ICT Capital Deepening
	Non-ICT

Capital

Deepening
	University Labour Quality Improv.
	Non-university Labour Quality Improv.
	Intermediate

Input

Intensity

	1
	Agriculture
	2.52
	1.65
	0.02
	0.07
	0.27
	-0.01
	0.52

	2
	Non-energy mining
	3.70
	1.20
	0.11
	0.22
	0.19
	0.03
	1.96

	3
	Coal mining
	6.84
	3.35
	0.09
	0.93
	0.21
	0.13
	2.15

	4
	Crude petroleum
	2.92
	0.24
	0.11
	2.01
	0.21
	-0.03
	0.38

	5
	Construction
	-0.83
	-0.74
	0.03
	-0.14
	0.09
	0.06
	-0.13

	6
	Wood and furniture
	1.13
	0.12
	0.04
	-0.13
	0.04
	0.14
	0.93

	7
	Non-metallic
	1.69
	0.81
	0.04
	-0.07
	0.08
	0.13
	0.71

	8
	Primary metal
	2.57
	0.74
	0.05
	0.16
	0.04
	0.06
	1.54

	9
	Fabricated metal
	1.83
	0.56
	0.09
	0.07
	0.02
	0.12
	0.98

	10
	Machinery
	1.76
	-0.40
	0.27
	0.34
	0.17
	0.06
	1.34

	11
	Computers
	20.37
	10.88
	0.08
	-0.13
	0.35
	-0.23
	9.42

	12
	Electrical equip.
	3.76
	1.12
	0.13
	-0.12
	0.37
	-0.18
	2.44

	13
	Electronic equip.
	12.55
	5.77
	0.54
	1.25
	0.30
	-0.16
	4.85

	14
	Motor vehicles
	3.02
	0.31
	0.03
	-0.07
	0.04
	-0.01
	2.73

	15
	Other trans. Equip.
	1.65
	0.38
	0.19
	0.17
	0.36
	-0.36
	0.92

	16
	Misc. Manuf.
	2.99
	0.28
	0.32
	0.29
	0.50
	-0.18
	1.81

	17
	Food and tobacco
	1.88
	0.57
	0.07
	0.17
	0.06
	-0.02
	1.02

	18
	Textiles
	3.14
	0.64
	0.07
	0.18
	0.17
	0.03
	2.06

	19
	Paper and allied
	1.47
	-0.23
	0.07
	0.24
	0.14
	0.01
	1.25

	20
	Printing 
	0.44
	-0.82
	0.36
	0.07
	0.40
	-0.20
	0.63

	21
	Chemicals
	1.53
	0.32
	0.15
	0.30
	0.26
	-0.13
	0.63

	22
	Petroleum refining
	3.21
	1.67
	0.02
	0.21
	0.05
	-0.02
	1.29

	23
	Rubber and plastics
	2.84
	1.29
	0.08
	0.06
	0.15
	0.03
	1.25

	24
	Transportation 
	0.79
	0.59
	0.09
	-0.39
	0.26
	-0.09
	0.33

	25
	Communications
	2.94
	-0.11
	0.90
	0.77
	0.31
	-0.16
	1.23

	26
	Electric utilities
	2.02
	0.13
	0.31
	0.82
	0.19
	-0.09
	0.67

	27
	Gas utilities
	-2.58
	-2.33
	0.25
	0.26
	0.06
	-0.03
	-0.80

	28
	Wholesale trade
	3.23
	1.40
	0.71
	0.39
	0.19
	-0.02
	0.57

	29
	Retail trade
	0.71
	-0.16
	0.17
	0.19
	0.11
	0.02
	0.39

	30
	FIRE
	1.94
	-0.19
	0.54
	0.55
	0.29
	-0.14
	0.90

	31
	Business services
	-0.19
	-0.45
	0.90
	-0.41
	-0.19
	0.06
	-0.11

	32
	Health services
	-0.16
	-0.99
	0.28
	0.09
	0.25
	0.04
	0.17

	33
	Education, private
	-0.19
	-1.06
	0.04
	-0.02
	0.69
	-0.19
	0.36

	34
	Other services
	0.74
	-0.17
	0.08
	0.16
	0.19
	-0.13
	0.61

	Industry Group

	  ICT-producing industries*
	8.76
	3.55
	0.68
	0.73
	0.31
	-0.18
	3.68

	   ICT-using industries**
	1.35
	0.09
	0.46
	0.25
	0.21
	-0.18
	0.53

	   Non-ICT industries
	0.31
	-0.02
	0.11
	-0.01
	0.21
	-0.04
	0.07


Notes: * ICT-producing industries are computer, electronic equipment and communications. 

*ICT-using industries are machinery, electrical equipment, printing and publishing, other transportation equipment, miscellaneous manufacturing, wholesale trade, retail trade, finance, insurance and real estate, and business services.

“LP” is growth in labour productivity.

“MFP” is growth in multifactor productivity.

Table 10: Sources of Labour Productivity Growth in U.S. Industries: 1995-2000

	Industry
	LP
	MFP
	ICT Capital Deepening
	Non-ICT

Capital

Deepening
	University Labour Quality Improv.
	Non-university Labour Quality Improv.
	Intermediate

Input

Intensity

	1
	Agriculture
	3.23
	1.94
	0.05
	0.36
	-0.35
	0.23
	1.01

	2
	Non-energy mining
	3.26
	0.46
	0.20
	0.91
	-0.25
	0.20
	1.74

	3
	Coal mining
	7.49
	3.57
	0.25
	2.14
	-0.25
	0.27
	1.51

	4
	Crude petroleum
	2.72
	0.98
	0.20
	0.89
	-0.24
	0.15
	0.74

	5
	Construction
	-0.14
	-0.95
	0.09
	0.14
	-0.07
	0.06
	0.60

	6
	Wood and furniture
	1.92
	0.86
	0.10
	0.07
	0.13
	0.07
	0.68

	7
	Non-metallic
	4.18
	0.87
	0.23
	0.43
	0.17
	0.04
	2.43

	8
	Primary metal
	3.20
	2.50
	0.08
	0.15
	0.08
	0.02
	0.38

	9
	Fabricated metal
	4.31
	1.63
	0.19
	0.11
	0.13
	0.03
	2.22

	10
	Machinery
	3.43
	0.24
	0.56
	0.23
	0.01
	0.05
	2.35

	11
	Computers
	31.10
	16.76
	0.29
	0.36
	-0.13
	0.03
	13.81

	12
	Electrical equip.
	4.17
	0.94
	0.10
	-0.31
	0.12
	0.00
	3.33

	13
	Electronic equip.
	21.10
	11.31
	0.77
	1.27
	0.03
	0.00
	7.72

	14
	Motor vehicles
	5.01
	0.65
	0.06
	0.13
	0.08
	-0.04
	4.13

	15
	Other trans. Equip.
	5.49
	0.94
	0.31
	0.03
	0.66
	-0.38
	3.93

	16
	Misc. Manuf.
	4.10
	-0.24
	0.53
	0.21
	0.74
	-0.31
	3.18

	17
	Food and tobacco
	1.50
	0.01
	0.12
	0.32
	0.03
	0.03
	0.98

	18
	Textiles
	5.05
	2.13
	0.16
	0.45
	0.09
	0.05
	2.17

	19
	Paper and allied
	1.94
	1.83
	0.12
	0.36
	0.03
	0.05
	-0.45

	20
	Printing 
	2.08
	0.56
	0.81
	0.14
	0.10
	-0.04
	0.51

	21
	Chemicals
	2.28
	0.50
	0.26
	0.53
	0.08
	0.04
	0.87

	22
	Petroleum refining
	4.12
	-3.71
	0.01
	0.13
	0.00
	0.01
	7.69

	23
	Rubber and plastics
	2.70
	1.51
	0.19
	0.45
	0.06
	-0.02
	0.51

	24
	Transportation 
	0.50
	-0.22
	0.35
	0.16
	0.01
	0.02
	0.18

	25
	Communications
	1.54
	-1.20
	1.03
	0.17
	0.10
	-0.11
	1.54

	26
	Electric utilities
	5.22
	2.33
	0.29
	1.27
	0.15
	-0.12
	1.30

	27
	Gas utilities
	2.85
	0.33
	0.48
	0.94
	0.06
	-0.06
	1.08

	28
	Wholesale trade
	2.78
	0.08
	1.32
	0.38
	0.01
	0.03
	0.95

	29
	Retail trade
	2.59
	1.31
	0.28
	0.25
	0.17
	-0.22
	0.80

	30
	FIRE
	2.75
	0.01
	1.05
	0.09
	0.12
	-0.07
	1.55

	31
	Business services
	1.62
	-1.38
	1.33
	0.11
	-0.08
	0.03
	1.62

	32
	Health services
	0.93
	-1.07
	0.50
	0.23
	0.47
	0.00
	0.80

	33
	Education, private
	-0.78
	-1.55
	0.07
	-0.01
	0.71
	-0.07
	0.08

	34
	Other services
	2.20
	0.51
	0.20
	0.13
	0.19
	-0.22
	1.39

	Industry Group

	   ICT-producing industries*
	12.79
	5.88
	0.91
	0.56
	0.02
	-0.04
	5.45

	   ICT-using industries**
	2.59
	0.12
	0.90
	0.17
	0.17
	-0.13
	1.36

	   Non-ICT industries
	1.31
	0.11
	0.23
	0.11
	0.15
	-0.03
	0.74


Notes: * ICT-producing industries are computer, electronic equipment and communications.

**ICT-using industries are machinery, electrical equipment, printing and publishing, other transportation equipment, miscellaneous manufacturing, wholesale trade, retail trade, finance, insurance and real estate, and business services.

“LP” is growth in labour productivity.

“MFP” is growth in multifactor productivity.

Table 11: Sources of Aggregate Value-Added Growth in Canada and the U.S.:  1981-2000

	
	Canada
	U.S.

	
	1981-1995
	1995-2000
	1981-1995
	1995-2000

	Contributions

	Value Added
	2.55
	5.00
	3.00
	4.54

	Capital Input
	1.04
	1.62
	1.32
	2.13

	   ICT
	0.34
	0.58
	0.57
	1.15

	   Non-ICT
	0.70
	1.04
	0.76
	0.98

	Labour Input
	0.96
	2.28
	1.32
	1.60

	   BA
	0.51
	0.87
	0.77
	0.82

	   Non-BA
	0.45
	1.41
	0.56
	0.78

	MFP
	0.55
	1.11
	0.36
	0.81

	Growth Rates

	Value Added
	2.55
	5.00
	3.00
	4.54

	Capital Input
	2.68
	4.10
	3.87
	5.97

	   ICT
	14.28
	17.25
	15.46
	20.11

	   Non-ICT
	1.91
	2.87
	2.47
	3.27

	Labour Input
	1.60
	3.79
	2.01
	2.49

	   BA
	5.24
	6.18
	3.84
	3.47

	   Non-BA
	0.91
	3.06
	1.26
	1.91

	MFP
	0.55
	1.11
	0.36
	0.81

	Addendum

	Bottom-up 
	2.55
	5.00
	3.00
	4.54

	Top-down
	2.38
	4.86
	3.16
	4.55

	Reallocation of Value Added
	0.18
	0.14
	-0.16
	-0.05

	Hours worked
	1.11
	3.06
	1.71
	2.23


Table 12: Sources of Aggregate Labour Productivity Growth in Canada and the U.S.: 1981-2000

	
	Canada
	U.S.

	
	1981-1995
	1995-2000
	1981-1995
	1995-2000

	Contributions

	Labour Productivity
	1.44
	1.93
	1.30
	2.31

	Capital Deepening
	0.59
	0.41
	0.74
	1.34

	   ICT
	0.31
	0.48
	0.50
	1.02

	   Non-ICT
	0.28
	-0.07
	0.24
	0.31

	Labour Quality Improvement
	0.31
	0.43
	0.20
	0.17

	   BA
	0.42
	0.44
	0.41
	0.30

	   Non-BA
	-0.11
	0.00
	-0.21
	-0.13

	MFP
	0.55
	1.11
	0.36
	0.81

	Growth Rates

	Labour Productivity
	1.44
	1.93
	1.30
	2.31

	Capital Deepening
	1.57
	1.04
	2.16
	3.74

	   ICT
	13.17
	14.18
	13.76
	17.88

	   Non-ICT
	0.80
	-0.19
	0.77
	1.04

	Labour Quality Improvement
	0.49
	0.72
	0.31
	0.26

	   BA
	4.12
	3.11
	2.14
	1.24

	   Non-BA
	-0.21
	0.00
	-0.44
	-0.32

	MFP
	0.55
	1.11
	0.36
	0.81

	Addendum

	Labour Productivity 
	1.44
	1.93
	1.30
	2.31

	Industry Contribution
	1.46
	2.08
	1.64
	2.46

	Reallocation of Hours
	-0.03
	-0.15
	-0.34
	-0.15
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� The share of hours worked by workers with at least a university degree in Canada increased from 8 percent in 1981 to 16 percent in 2000.  In the U.S., it increased from 18 to 27 percent.


� See Rao and Tang (2001), Crawford (2002), and Robidoux and Wong (2003) for Canada, and Oliner and Sichel (2000), Gordon (2002), Nordhaus (2002), and Jorgenson, Ho and Stiroh (2002a) for the U.S.


� In many previous studies involving Canada-U.S. comparisons, e.g. Gu and Ho (2000) and Rao and Tang (2001), these industries are part of one of these 2-digit sectors: machinery, electrical equipment, and services.


� There have been a number of significant developments since those earlier studies.  First, software purchases are now treated as investments, and as final demand rather than as intermediate input in the previous system.  The new treatment significantly increases output and capital stock in terms of both levels and growth rates.  Second, the earlier work only covers the period 1961-1995, before the dramatic growth resurgence in the second half of the 1990s that is captured here.


� We define gross output as production of industries delivered to final demand and to all industries of the economy, which include the transactions within an industry, i.e. the intra-industry sales. This is different from the output concept used by Statistics Canada and the U.S. Bureau of Labor Statistics (BLS) for obtaining their sectoral MFP estimates. They exclude transactions within an industry.  


� As many have pointed out, this MFP growth term is a residual that captures a variety of other factors, including economies of scale, unaccounted for inputs (such as managerial talent and organizational structure), and measurement errors (in both output and inputs).


� The quantity of intermediate input is calculated as a translog index of the three components.


� Here we consider only the private business sector for our 34 industries.  Unlike Jorgenson, Ho and Stiroh (2002a), we do not include the government and household sectors.


� This is unlike Jorgenson, Gollop and Fraumeni (1987) which defines aggregate V as a simple linear sum of Vi's.


�  This differs from the treatment in Jorgenson, Ho, and Stiroh (2002a) which constructs aggregate inputs ignoring the industry dimension. That approach generates a reallocation term in the decomposition of aggregate MFP. Our treatment in Equation (9) is dictated by the lack of detailed capital data by asset types. Statistics Canada provided the capital input series Kit already aggregated over asset types.


� The P-level has a total of 123 industries.  The present study excludes owner-occupied dwellings (P116).


� In 2000, ICT investment in Canada was CAN$34 billion, representing 37 percent of machinery and equipment (M&E) investment, compared to less than CAN$6 billion, or 19 percent of the overall M&E investment, in 1981.  Similar changes occurred in the U.S, in 2000 ICT investment was US$424 billion (39 percent of M&E), compared to US$62 billion (21 percent) in 1981.


� For instance, the fall in computer prices in European countries in the early 1990s ranged from 10 to 47 percent (Triplett, 2001, p.4).  


� These depreciation rates have been used to derive the official MFP estimates for the business sector in Canada.


� Preferably, the same depreciation rate should be used to derive capital stock for each asset for both Canada and the U.S.  Unfortunately, we don’t have the access to detailed capital data by asset types.  


� Note, however, that the educational classification is not entirely consistent over time in both countries.  The educational classification in the Labour Force Survey changed in 1990 in Canada (Gu and Maynard, 2000).  A similar change also took place in the U.S. in the Current Population Survey in 1992 and in the Census of Population in 1990 (Jorgenson, Ho and Stiroh, 2002a). 


�  The top-down aggregate GDP data for Canada is from the Micro-Economic Analysis Division, Statistics Canada (special tabulation).  For the U.S., it is from the U.S. Bureau of Labor Statistics (BLS), which is originally prepared by the U.S. Bureau of Economic Analysis (for details, see BLS website: http://www.bls.gov/lpc/lpcover.htm#Output).


� For example, see Jorgenson, Ho and Stiroh (2002b) Table 1.


� The aggregate MFP estimate of 1.1 in the second half of the 1990s for Canada was the same as the official estimate (Table 383-0001 in CANSIM).  The estimate of 0.8 for the U.S. is similar to the estimate of "private sector" in Jorgenson, Ho and Stiroh (2002b) although that has a larger coverage.  It is lower than the official estimate of 1.3 from the U.S. Bureau of Labor Statistics (BLS News Release, April 8, 2003).  The BLS measure of output and capital and labour inputs is different from ours (for the methods used by BLS, see http://www.bls.gov/news.release/prod3.tn.htm).  As noted in section 3, however, the relative MFP growth rates in the two countries should be interpreted with caution, given the different depreciation rates for capital assets being used to derive the capital stocks in the two countries.     


� It is interesting to note that ICT-producing and ICT-using industries maintain on average larger Domar weights in the U.S. than in Canada, which indicates that these industries in the U.S. are more intermediate input intensive than in Canada.  However, in Canada, non-ICT industries are generally more intensive in intermediate input than in the U.S.   


� The sustainability of ICT impact is also an important issue and has been questioned (see, e.g. Gordon 2003).
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