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Abstract

his paper illustrates how the statistical architecture of Canada’s System of Nationa

Accounts can be utilized to study the size and composition of a specific economic
sector. For illustrative purposes, the anaysi sfocuses on the information and communications
technology (ICT) sector, and hence, on the set of technology-producing industries and
technol ogy outputs most commonly associated with what is often termed the high-technology
economy. Using supply and use tablesfrom theinput-output accounts, we devel op integrated
ICT industry and commodity classifications that link domestic technology producers to
their principal commodity outputs. We then use these classifications to generate a series of
descriptive statistics that examine the size of Canada's high-technology economy along
with its underlying composition. In our view, these integrated ICT classifications can be
used to develop a richer profile of the high-technology economy than one obtains from
examining itsindustry or commodity dimensions in isolation.

Keywords: information and communications technology, high-technology industries,
technology use, national accounting
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Executive summary

his analysis uses the data from Canada's System of National Accounts to investigate

the domestic production and domestic use of information and communications
technologies (ICT). Using theinput-output accounts, we develop an ICT classification system
that links domestic technology producers to their principal commodity outputs. We then
produce a series of descriptive statistics that focus on different aspects of technology
production and technology use. Two estimates of the importance of technology production
are reported—the contribution that ICT producers make to total gross domestic product
(GDP) and their share of gross domestic output. We compare these to two basi ¢ estimates of
technology use—the share of technology spending in final domestic demand and the share
of technology spending in total domestic demand (which includes spending on final goods
and services and production inputs). The paper also presents comprehensive estimates of
ICT spending in different economic sectors.

Our tabulationsinform aseries of basi ¢ questions about the size and composition of Canada’s
ICT economy. We address severa of these below.

What share of domestic economic activity isaccounted for by technology producer s?
Are estimates of the importance of technology producer s sensitive to measurement?

Anindustry’ svalue-added isthe unduplicated value of the goodsand servicesthat it produces,
that is, its contribution to GDP. Statistics on value-added provide one means of assessing
the relative importance of technology-based production. In 1997, the set of ICT-producing
industries examined in this paper accounted for 3.8% of total GDP. This share increased to
4.6% in 2000, and declined to 4.2% in 2003. The high-tech boom and bust was limited to
manufacturing, as ICT manufacturers made a smaller contribution to GDP in the goods
sector in 2003 (2.1%) than in 1997 (3.1%). ICT service industries increased their share of
service sector GDP from 4.2% in 1997 to 5.2% in 2003.

Therelativesize of ICT productionissimilar whenitisevaluated against gross output. The
share of gross output accounted for by the production of ICT goods and services is
gualitatively similar to the GDP shares of technology producers. ICT goods and services
accounted for 3.8% of gross output in 1997, 4.4% of gross output in 2000, and 3.6% of
gross output in 2003. ICT products made up a much larger share of the gross output of
goodsin 2000 (4.7%) thanin 1997 (3.5%). However, by 2003, the share of goods production
accounted for by technology products had fallen well below its 1997 level. By contrast, the
share of services output accounted for by ICT services increased from 2000 to 2003.
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How much domestic spendingison | CT? Isfinal spending on technology-based goods
and services much different than total spending?

Many studies of the new economy focus on how extensively ICT technologies are being
used. This analysis presents two summary statistics that describe the overall size of
technology expenditures in the domestic economy. The first is the share of final domestic
demand accounted for by ICT goods and services. The second isthe share of total domestic
demand accounted for by these ICT goods and services. These statisticsinclude expenditures
on both domestically produced ICT commodities and foreign-produced ICT commodities.

Final domestic demand is the sum of all domestic spending on final goods and services—
the combined total of personal expenditures by consumers, investment expenditures by
businesses and current and investment spending by governments. Final purchases of ICT
goods and services accounted for 4.2% of final domestic spending in 1997. This grew to
5.1% by 2000, and subsequently fell to 4.4%in 2003. In all yearsstudied, final expenditures
on ICT make up amuch larger share of final goods spending than final services spending.
In 2000, ICT goods amounted to 9.1 % of all final spending on goods. ICT services, by
contrast, were only 1.4% of all final spending on services.

Statistics on final expenditures exclude business spending on intermediate inputs—goods
and servicesthat are consumed or transformed in the production process. We combine these
intermediate expenditures with final expenditures to estimate the total domestic demand
for ICT goods and services. This more comprehensive measure basically covers al ICT
gpending, final or otherwise, by consumers, businesses and governments in the domestic
economy. With this measure, the relative importance of technology increases slightly.
Spending on ICT goods and services accounted for 4.9% of total spendingin 1997, 5.6%in
2000, and 4.7% in 2003. These shares mask large differences between goods and services.
In 2000, spending on ICT goods accounted for about 8% of al spending on goods, while
purchases of ICT services amounted to about 2% of total spending on services.

Who buys more | CT goods and services? Firms or households?

It depends largely on what types of expenditures are being measured—spending on final
ICT goods and services, which includes personal expenditures and business investment, or
all spending on ICT goods and services, final or otherwise, which brings business spending
on intermediate technology inputs into mix.

Consumers and firms spend roughly equivalent amounts on final ICT goods and services.
In 1997, personal expenditures by consumers and investment spending by businesses each
accounted for roughly 45% of final technology purchases. Government purchases made up
the remaining 10%. By 2003, consumers had increased their share slightly, to 48% of all
final spending.
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The relative size of business and household spending changes dramatically when business
spending on technology inputs—inputs that are consumed or transformed in the production
process—are included in the mix. Intermediate spending on ICT inputs accounts for about
two-thirds of all technology spending by firms. Consequently, businesses spend about $3
on ICT commodities for every dollar spent by consumers.

How much consumer spendingisdevoted to ICT? How much businessinvestment is?

Spending on ICT goods and services amounted to 3.3% of all consumer spending in 1997,
and 3.6% of all consumer spending in 2003. Spending on ICT assets accounted for amuch
larger share of business investment (10.4% and 10.5% in 1997 and 2003 respectively).

Which economic sectors arethe heaviest usersof ICT capital?

Three sectors—manufacturing industries, information and cultural industries, and finance,
insurance and real estate industries—together account for about 50% of total ICT spending.
Manufacturing firms make the largest outlays on technol ogy-based goods and services (with
29% of thetotal ICT purchasesin 1997, and 20% in 2003).

A different picture emergeswhen examining theintensity of technology use acrossindustries.
In 2003, the information and cultural industries sector, which includes many ICT service
industries, allocated the largest percentage of its total spending to ICT goods and services
(33%), well ahead of professional, technical and management services, the next most ICT-
intensive sector (19%). About 40% of these expenditures on technology in the information
and cultural industries is investment spending on technology assets.

Manufacturing re-emerges when the focus shifts from investment to intermediate inputs.
Over 80% of ICT purchases in manufacturing are on intermediate production inputs, not
technology assets. Moreover, these expenditures on ICT inputs accounted for a sizable
share of al intermediate spending on technology in the economy (39% of the economy
total in 1997 and 25% in 2003). Despite the size of these intermediate expenditures,
manufacturing industries are not the most intensive users of technology inputs, as measured
inrelation to their total spending on production inputs. ICT production inputs made up only
about 5% of al intermediate spending in manufacturing in 1997, and only 3% in 2003. In
information and cultural industries, the sector with the highest ratio of technology inputsto
total inputs, the rate stood at about 24% in 2003.
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Chapter 1. Introduction

his paper illustrates how the statistical architecture of Canada’s System of Nationa

Accounts (SNA) can be used to study the size and composition of the Canadian high-
technology sector. The analysis focuses on the domestic production and domestic use of
information and communications technology (ICT) goods and services. Much of the earlier
research on high technology has examined these industry and commodity dimensions in
isolation—focusing either on the operating characteristics of technology producers or,
aternatively, onthe adoption of aexogenous set of technology-based products. All of these
studies attempt to shed light on theimportance of advanced technology. Those that focuson
technology producers do so by examining the amount of economic resources, labour, and
capital that are devoted to high-tech production.* Those that examine technology use focus
on how the integration of ICT capital influences industrial or macroeconomic outcomes.?
Seldom are these two dimensions, technology production and technology use, investigated
using an integrated statistical framework that explicitly links ICT commodities to ICT
industries. This paper describes how national accounting architecture can be used to develop
such a framework.

Our starting premiseisthat the statistical integration of these two dimensions—technol ogy
production and technology use—is desirable in order to develop a richer portrait of an
economy’s high-tech demography. Inwhat follows, we devel op anintegrated set of industry
and commodity definitionsto evaluate Canada s|CT sector, and present arange of descriptive
statistics that can be used to study its size and composition. Our tabulations are designed to
shed light on a range of topics that are not fully addressed in earlier studies of the ICT
economy. A short list includes the following:

* What are the principal commodity outputs of domestic ICT producers?

» Does the relative importance of technology production depend on how production is
measured? How doesthe contribution that ICT industries make to gross domestic product
(GDP) differ from the share of gross output accounted for by ICT goods and services?

» How doesthesizeof ICT production compare with the magnitude of domestic technol ogy
use? Do these two measures, production and use, yield significantly different estimates
of the size of the high-tech economy?

» Who arethe major users of technol ogy-based goods and services? How does the amount
of technology spending by businesses compare with ICT purchases by households and
governments? How much consumer and business spending is accounted for by ICT?

The Canadian Economy in Transition Series -10- Statistics Canada — Catalogue no. 11-622-MIE, no. 015



» To what extent does capital spending on ICT goods and services underestimate total
business spending on these commodities (the sum of technology investments and
intermediate spending on technology inputs)?

*  Which industries make the largest purchases of ICT goods and services? Which sectors
use these goods and services most intensively, either asinvestment or production inputs?

The organization of the paper is asfollows. Chapter 2 beginswith a brief description of the
SNA architecture on which our estimates of ICT production and use are based. We then
outline the methods used to define a set of domestic ICT industries and an associated set of
ICT commodities.

Chapters 3 and 4 use these industry and commodity definitions to generate descriptive
statisticsthat can be used to eval uate the size and composition of the ICT economy. Chapter
3 focuses on two estimates of technology production: (i) the contribution that ICT industries
maketo total GDP and (ii) the share of gross output accounted for by the production of ICT
goods and services.

Chapter 4 focuses on the use of technology-based goods and services. Using the commodity
classification developed in Chapter 2, we examine the importance of technology spending
to final domestic demand. We al so examine how these final expenditures on technology are
distributed between and within final demand sectors (as consumer spending, business
investment, or government investment). Chapter 4 then develops a more comprehensive
measure of technology use by incorporating intermediate spending on technology inputs
into our expenditure estimates. This allows us to examine the total domestic demand for
ICT goods and services.

Chapter 5isamore detailed analysis of technology usein Canadian industry, focusing both
on ICT capital investmentsand production inputs. We examine the distribution of technology
spending across industries and the intensity of technology use within industries. Chapter 6
concludes.

InAppendix A, wediscusshow the ICT commodity classification used in this study compares
to the ICT commodity definition being developed by the Organisation for Economic Co-
operation and Devel opment.

In Appendix B, we further discuss the distinction between the commodity-based final
expenditure ratios and the industry value-added ratios that capture the contribution of
technology producers to total GDP.
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Endnotes

1. Statistics Canada'sresearch programisillustrative. The agency has responded to the growing
demand for statistical information on the new economy by producing aset of analytical products
that explore the structural characteristics of technology-producing industries. The agency’s
Science, Innovation and Electronic Information Division publishes an annual compendium
on theinformation and communicationstechnology (1CT) sector that includes data on outpui,
employment, research and development (R& D), trade and revenue. Beckstead and Gellatly
(2003) report on long-run production and performance trendsin the technol ogy sector, focusing
inter alia on profit rates, labour skills, and productivity performance. Beckstead et al. (2003),
Beckstead and Brown (2005), and Heisz et al. (2005) examine the geography of ICT
employment growth. Labour market conditions in technology industries, including analyses
of work arrangements and job quality, are documented in Drolet and M orissette (2002), and
Vaillancourt (2003).

2. Studiesthat concentrate on technology use point to a strong rel ationship between the adoption
of advanced technologies—notably information and communications technologies—and
associated changes in labour productivity and market share (Baldwin, Sabourin and Smith,
2003; Baldwin and Sabourin, 2004). This microeconomic research has found that the
performance-enhancing effects of ICT capital remain apparent after controlling for the array
of idiosyncratic factors that influence productivity growth, such as R&D intensity, firm
nationality, capital intensity and business|ocation. In acomplementary fashion, macroeconomic
studies have established aclear link between aggregate investmentsin ICT capital and business
sector output and productivity growth (Armstrong et al., 2002; Harchaoui and Tarkhani, 2004).
Business investments in technol ogy-based assets, such as computer software, hardware and
telecommunications egquipment, grew by 16% per annum during the 1980s and the 1990s.
These investments factored significantly into Canada's improved productivity performance
during the late 1990s.
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Chapter 2. National accounting architecture and the ICT
economy

2.1 An input-output analysis of ICT industries and commodities

The System of National Accounts (SNA) isan integrated statistical architecture used in the
production of official economic statistics. Generally portrayed as a sequence of accounts,
the SNA provides for national estimates of “the whole economic process from production
of income, through redistribution of income, consumption and saving, through to
accumulation of fixed and financial assets, to the position of net worth” (Wilson, 2005: 7).
The cornerstone of the SNA isthe production of official estimates of gross domestic product
(GDP).3

In this paper, we make extensive use of input-output tables. These tables depict an integrated
set of industry and commodity relationships that are essential for producing the official
industry and commodity accounts.* The industry accounts maintain information on the
commodity composition of output for specific industriesand thefull costs of production for
these industries (including the earnings of labour and capital). The commodity accounts
deal with the supply and disposition of specific goods and services to different sectors of
the economy.® Inwhat follows, weillustrate how these industry-to-commodity linkages can be
used, in conjunction with expenditureson final demand, to study the size and composition of the
information and communicationstechnology (ICT) sector.

Figure 1 isastylized depiction of the supply and use tables that form the core of the input-
output system. These tables together trace the flow of output (the set of goods and services
produced by specific industries) to different uses. The production of this output is depicted
in what isreferred to as the supply table. Each domestic industry is assigned an individual
columninthistable; hence, columni(1) reportsthe gross output derived from the production
activitiesof industry (1) (with each cell within thiscolumn corresponding to aspecific commodity
[good or service]). Thedetailed supply tablereportsgrossoutput distributionsfor over 300industries,
encompassing gpproximately 700 distinct commodities.

For illustrative purposes, we denote one column in this supply tableasICT_|—to represent
the collection of technol ogy-producing industriesthat together comprise Canada sICT sector.
(ICT _l isactually an amalgam of 14 separate SNA industries, which welist in Section 2.2).
Firms located in ICT_| generate technol ogy-based output, denoted in Figure 1 as ICT_C.
(This technol ogy-based output is an amalgam of 21 specific goods and services, which we
describe in Section 2.3.) The shaded area in the supply table thus depicts the value of the
output associated with the production of technol ogy-based goods and services (ICT_C) by
domestic technology suppliers (ICT _1).6 Our subsequent portrait of the technology economy
is based on this integrated definitional framework which links technology producers to
their major commodity outputs. We describe our operational definitions below.
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Figure 1l A stylized representation of information and communications technology production and use based on

national accounting architecture
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2.2 Defining ICT industries

ICT industry satigticsbenefit from theexistence of awe|l-codified classification sysemthat identifies
asmall set of industriesas| CT-based. Devel oped by the Organi sation for Economic Co-operation
and Development (OECD), thisclassification system definesthe | CT sector as*the combination
of manufacturing and serviceindudtries, which eectronicaly capture, transmit and display informetion”
(Statistics Canada, 2001: 12). In manufacturing, theseindustries®[m]ust beintended to fulfil the
function of information processing and communication including transmission and display” and
“[m]ust use el ectronic processing to detect, measure and/or record physical phenomenacor to
control aphysical process.” (OECD, 2000: 7).

Similarly, ICT serviceindustriesoffer productsthat “[ m]ust beintended to enablethe function
of information processing and communications by electronic means.” (OECD, 2000: 7)

Statistics Canada has adopted an official version of this ICT classification based on the
North American Industry Classification System (NAICS). This Canadian variant designates
eight five-digit NAICSindustriesas| CT manufacturing and fifteen asICT services. Dataonthe
| CT sector areroutinely availablefrom Statistics Canada smajor production programs. The SNA
hasdesignated ICT industriesasaspeciad aggregate, and releasesmonthly GDP estimatesfor ICT
serviceindustriesand | CT manufacturing industries (Messinger, 2002).

While the statistical information that Statistics Canada publishes on technology industries
isconsistent withthe OECD ICT standard, one often encountersdight differencesin coverage
because of differences in the amount of industry detail that is available from various data
sources.’” These measurement and classification issues are germane to the current analysis,
as the level of industrial detail available from the input-output accounts—the data source
that is required to link ICT industries to specific ICT commodities—does not allow us to
extract data on al NAICS-based ICT industries with complete precision. Many of these
NAICS technology industries, particularly in manufacturing, are measured precisely. In
other cases, theindustry classification system used in theinput-output accounts nestsNAICS-
based ICT industries within larger aggregates that contain a mixture of ICT and non-1ICT
components. This occurs for certain service industries.

Consequently, the set of technology-producing industries studied in this analysis, while
generally consistent withthe official ICT standard, differs dightly from this standard because
of the measurement limitations described above. We have chosen to omit aresidual group
of SNA service industries from our ICT industry definition when (1) their corresponding
SNA industries contain both ICT and non-ICT components, and (2) the contribution of the
non-1CT component to industry output is qualitatively significant. In earlier studies of ICT
industries (Beckstead and Gellatly, 2003; Becktead et al ., 2003) wetook adifferent approach
by splitting out these nested ICT components (via external data sources) and apportioning
these to our ICT industry estimates. We cannot pursue a similar strategy here because we
areusing our ICT industry definition to generate an associated set of ICT commodities, and
the intuitive appeal of these split-and-allocate strategies is greatly diminished when
developing an integrated industry-to-commodity framework.®
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Table1l Selected! System of National Accountsinfor mation and communications technology
industries, ranked by value of gross output

SNAZ? ICT®industry Goods or Relationship to statistical target: corresponding
services 1997 (NAICSY) ICT industry
sector

1. Telecommunications Services SNA industry is equivalent to NAICS 5133

2. Computer systems design and related services Services SNA industry is equivalent to NAICS 54151

3. Telephone apparatus manufacturing Goods SNA industry is equivalent to NAICS 33421

4. Software publishers Services SNA industry is equivalent to NAICS 51121

5. Navigational, measuring, medical and control Goods SNA industry is equivalent to NAICS 33451
instruments manufacturing

6. Pay TV, specialty TV and program distribution Services SNA industry contains both ICT (NAICS

51322) and non-ICT (NAICS 51321)
components.

7. Semiconductor and other electronic component Goods SNA industry is equivalent to NAICS 33441
manufacturing

8. Commercia and service industry machinery Goods SNA industry is equivalent to NAICS 33331
manufacturing

9. Computer and peripheral equipment manufacturing  Goods SNA industry is equivalent to NAICS 33411

10. Communication and energy wire and cable Goods SNA industry is equivalent to NAICS 33592
manufacturing

11. Radio and television broadcasting and wireless Goods SNA industry is equivalent to NAICS 33422
communications equipment manufacturing

12. Data processing services Services SNA industry is equivalent to NAICS 51421

13. Information services Services SNA industry contains both ICT (NAICS

51419) and non-ICT components (NAICS
51411, 51412).

14. Audio and video equipment manufacturing Goods SNA industry is equivalent to NAICS 33431

1. Five 1997 NAICSICT service industries—NAICS 41732, 41791, 41731, 53242 and 81121—were excluded from the SNA
ICT sector definition because of measurement limitations.

2. System of National Accounts.

3. Information and communications technol ogy.

4. North American Industry Classification System.

Source: Statistics Canada, 1999 supply table, Canadian input-output accounts.

Our set of technology-producing industries, and itsrelation to the NAICSICT standard, are
presented in Table 1. Fourteen SNA industriesmakeup our ICT industry definition (ICT_1).°In
1999, these accounted for about 73% of the gross output of the | CT sector.

2.3 Defining ICT commodities

Analyses of the commodity dimensions of the ICT economy often focus on a small set of
pre-defined goods or services, or on sector-specific definitions of advanced technology that
are designed to capture salient aspects of the production process.’® This can give rise to
situations where commodity- and industry-based definitions of the |CT economy may differ
ggnificantly from oneancther. Inthissection, weoutlineanintegrated commodity definition of ICT
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based on the mg or commodity outputs of the domestic technology industriesdescribed in Section
2.2.

To define our set of technology commodities (ICT_C), we use datafrom the supply tableto
generate the sales distribution of all commodities that are associated with our set of
technology-producing industries (ICT_I). We then rank order this vector of commodity
outputs based on their contribution to the total sales of theseindustries. Our selection criteria
for identifying major technology outputs is based on two distributional factors: (a) the
contribution of specific commoditiesto thetotal salesof all technol ogy-producing industries,
and (b) the contribution of specific commoditiesto thetotal sales of individual technology-
producing industries. Our dominant criterion for selection is factor (a). All individual
commoditiesthat accounted morethan 1 % of thetotal salesof thetechnology sector (ICT _I)
were classified to the commodity set (ICT_C). Sixteen commodities were selected based
onthisrule.

One possible concernwith factor (a) isthat it may fail toidentify commoditiesthat account for a
large percentage of salesin specific technology-based industries, in situationswherethe overall
contribution of theseindustriesto thetotal salesof ICT | isrelatively modest. To ensurethat our
selection methodisnot unduly biased against small technol ogy-based industries, we supplemented
our commodity list by introducing factor (b), applying a10% sdectionruletoindividua commodities.
Fiveadditional commoditieswereaddedto ICT_C based on thissecond criterion.

Our final list of mgjor ICT goods and servicesisreported in Table 2. Of the 21 commodities,
14 aregoods and 7 are services. (It isworth noting that of the 14 goods, 10 are classified as
| CT-based by the OECD). Taken together, these goods and services account for about 90%
of the total sales of domestic technology industries (ICT_I).

This integrated industry-to-commodity approach is appealing in several respects. First, it
establishes alist of technology goods and services based on a measure of domestic market
share, namely, the contribution that specific commodities make to the total sales of
technology-producing industries. The resulting amalgam of technologies is thus
endogenously determined, as opposed to being defined ex ante. Second, this commodity set
is broad enough in scope—in terms of its sales coverage and underlying commodity
composition—to generate robust comparisons of technology use in different sectors of the
economy.*

It should be stressed that work is currently underway at the OECD on developing ICT
commodity definitions—definitionsthat, in principle, represent important commodity outputs
of technol ogy-producing industries. A tentative definition of ICT goodsiscurrently available,
using aclassification system that supports comparisonswith the SNA commoditieslistedin
Table 2 (see OECD, 2001). Work on afinal list of ICT servicesis ongoing. We discuss how
our ICT commodity list compares to the emerging OECD standard in Appendix A.
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Table2 Major information and communications technology commaodities, ranked by
contribution to the ICT? sector output

ICT commodity Commaodity

type
1. Telephone and other telecommunications Services
2. Computer systems design and related services Services
3. Telephone and related equipment, including facsimile Goods
4. Software products devel opment Services
5. Compuiters, video units, printers, etc. Goods
6. Cable and other subscription programming Services
7. Integrated circuits Goods
8. Broadcasting and radio communications equipment Goods
9. Printed circuits Goods
10. Data processing services Services
11. Lab and scientific instruments, and flight simulators Goods
12. Wire and cable, insulated, excluding aluminum Goods
13. Semi-conductors Goods
14. Measuring and controlling instruments Goods
15. On-line information services Services
16. Radar and radio navigation equipment Goods
17. Optical fibre cables Goods
18. Service industry machinery Goods
19. Other information services (including news syndication, microfilm, recording Services
20. Photocopy and microfilm equipment Goods
21. Radio, stereo, cassette and CD players, and accessories Goods

1. Information and communications technology.
Source: Statistics Canada, 1999 supply table, Canadian input-output accounts.

I n subsequent chapters, we usetheseindustry and commaodity definitionsto examinethesizeand
composition of Canada s|CT economy. Our descriptivetabulationsfocus, inturn, on different
aspectsof domestic technology production and domestic technology use.
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Endnotes

3. Afull description of the structure of the Canadian System of National Accounts (SNA) iswell
beyond our scope here; for an extensive overview, see Wilson (2005).

4.  AsWilson (2005: 13) notes, supply and use tables “ are the thread that ties the system together
and have a big impact on the quality of the [national accounting] system both in terms of
statistical integrity and analytic usefulness.”

5. A more extensive discussion of the organization of the industry and commodity accountsis
found in Baldwin and Harchaoui (2006).

6. Thisassumesthat production is specialized—that technology industries (ICT_l) produce the
full set of ICT goods and services (ICT_C). Thisisareasonable simplification. Ninety-seven
percent of the ICT commodity outputs reported in Table 2 are produced by the set of ICT
industrieslisted in Table 1.

7. One highly visible example is the special tabulations on employment in computer and
telecommunicationsindustries that are published from the L abour Force Survey, the agency’s
flagship vehicle for its national employment estimates. Computer and telecommunications
industries are a subset of the official ICT standard (see Bowlby and Langlois, 2002).

8. Toseethis, consider the case of ICT wholesaling, which we handled via a split-and-apportion
strategy in Beckstead and Gellatly (2003). |CT wholesaling industries account for areasonably
small share of total wholesaling activity. Inthisearlier paper, we estimated this|CT component
and then used it to adjust our ICT industry estimates. In the current analysis, this would
involve using some portion of wholesaling industries (and other similarly measured industries)
to generatearanking of principal commodity outputs—onethat could, in effect, include partial
commodities(e.g., somewholesaling margins, but not others). In addition to being operationally
cumbersome, this would greatly hamper the interpretability of the commodity list. As a
conseguence, we have opted for the more straightforward keep-and-drop approach described
herein.

9. Twelve of these input-output industries have equivalent definitions from the North American
Industry Classification System. In two cases, the decision to include the SNA industry was
sensible based on the revenue coverage of its nested ICT component (data on these revenue
ratios were obtained from Statistics Canada's Business Register).

10. Researchontherelationship between |CT useand productivity growthisillustrative. Following
conventions set out in the productivity literature, these studies focus on a narrow set of pre-
defined information technol ogies—hardware, software and telecommunications equipment.
See Armstrong et a. (2002), and Harchaoui and Tarkhani (2004).
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11. A point worth noting—innovation and technology surveys haveyielded substantial information
on the differences in technology adoption rates across industries and business populations.
These rates often depend on qualitative information on technology use provided by survey
respondents (e.g., Did your firm use ICT technologies?). Using Statistics Canada’s annual
Survey of Electronic Commerce and Technology, Earl (2002) reports rates of technological
change in the private sector based on the adoption of “significantly improved technologies.”
Uhrbach (2004) reports how rates of use for abasic set of ICTs (including e-mail, computers,
websites, Internet, and on-line purchases) vary by firm size. Uhrbach and van Tol (2004) also
examine how the use of ICTs by firms complements the utilization of other advanced

technologies.
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Chapter 3. The domestic production of |CT goods and
services

begin by examining two supply-based measures, each of which can be used to
estimate therelativeimportance of information and communicationstechnology (1CT)
production. Theseare (1) the economic contribution that ICT producers maketo total gross
domestic product (GDP), and (2) the share of all goods and services produced that is
accounted for by ICT commodities.

3.1 Contribution to GDP

The Canadian System of National Accounts (SNA) produces official estimates of total GDP
from three distinct methods: the sum of value-added approach; the expenditure approach;
and the distribution of income approach. In this section, we concentrate on thefirst of these
methods to examine the output of technology industries—one means of estimating the size
of the technology economy.

National accountants often speak in terms of an industry’s value-added when describing its
contribution to total GDP. An industry’s value-added is the difference between its gross
output and itsexpenditureson al intermediate inputs used in generating this output. Estimates
of industry value-added are designed to provide “detailed description[s] of the supply side
of domestic production.” (Statistics Canada, 2002: 7). Vaue-added a so representstheincome
that is earned by factors of production, such as labour and capital, within an industry.

Within the SNA, these intermediate expenditures are recorded in the use table, which we
depict in the upper-right quadrant of Figure 1. When viewed from an industry perspective
(each industry is a separate column), the use table records all intermediate spending on
individual goods and services that are consumed or transformed within an industry’s
production process (each cell within the column corresponds to a separate commodity).'2
When viewed from acommodity perspective (each commodity isaseparaterow), thistable
records how the intermediate spending on a particular commodity is distributed across
industries (each cell aong the row being a separate industry). It should be stressed that
these intermediate expendituresinclude I CT inputs purchased both from businesses|ocated
in Canada and from businesses |ocated abroad.

The value added of domestic ICT producers can be obtained from the supply and use tables
depicted in Figure 1. Here our focus is on the amalgam of domestic technology industries
(which we denote as ICT_1) as opposed to the corresponding bundle of industry outputs
(smilarly depicted as ICT_C). The GDP contribution of domestic ICT industries is the
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difference between itsgrossoutput (columnA inthe supply table) and the sum of itsintermediate
expendituresonal commodity inputs(column B intheusetable). Thisdifference (A minusB) isthe
vaue-added associated with | CT industries. Obtaining estimates of value-added for dl industries
in this fashion and then summing these yields an estimate of total GDP—ameasure of “the
unduplicated value of production” (Statistics Canada, 2002: 11).% We can obtain ameasure of the
relativeimportanceof |CT production by dividing theva ue-added from | CT industriesby thetotal
value-added.

Table 3 reports the percentage of total GDP accounted for by ICT industriesin three years,
1997, 2000 and 2003. We selected these years because the 1997-to0-2000 period captures
the acceleration of ICT spending that occurred at the end of the long-run expansionary
phase of technology markets. Datafor 2003 capture theimpact of the downturnintechnology
markets in the post-2000 period.

Table3 Contribution of information and communications technology industriesto gross
domestic product, 1997, 2000 and 2003

1997 2000 2003

percent
Contribution of ICT* industries to value-added GDP? 38 4.6 42
Contribution of ICT manufacturing industries to GDP of goods sector 31 4.0 21
Contribution of ICT service industries to GDP of services sector 4.2 5.0 5.2

1. Information and communications technology.
2. Gross domestic product at basic price.
Source: Statistics Canada, supply and use tables, Canadian input-output accounts.

In 1997, the value-added contributions of technology producersrepresented 3.8% of total GDP,
by 2000, this share had increased to 4.6%. By 2003, the contraction in technology markets saw
the contribution of technol ogy industriesdeclineto 4.2% of GDP.

Two general observations regarding these GDP estimates warrant emphasis. First, ICT
production in Canada centers on the provision of technology services, not the manufacture
of technology products. Firmsin ICT service industries accounted for 74.1% of ICT GDP
in 1997 and 84% of ICT GDPin 2003. The short-run contractionsin |CT GDP occasioned
by the technology downturn were localized to ICT manufacturing. By 2003, the nominal
dollar contribution that ICT manufacturing industries made to total GDP was less than in
1997—with the downturn fully eliminating the strong growth in ICT manufacturing GDP
that occurred during the late 1990s. (ICT manufactures contributed $7.7 billion to GDPin
2003, dlightly lessthan the $8.2 billion in 1997; in 2000, their contribution stood as high as
$13.7 billion).

GDP shares are extensively used in practice because they capture the unduplicated value of
production associated with a particular aspect of the economic system—here the business
activities associated with technol ogy manufacturing and the provision of technology services. This
isastraightforward means of measuring theimportanceof ICT production.
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Thecontributionthat ICT industries maketo GDPdepends, asnoted earlier, both on the amount
of grossoutput that theseindustries produce and on theamount of intermediateinputsused inthe
production of thisoutput. Consequently, industriesthat embed large quantities of intermediate
goods and servicesinto the production of their final productswill, all elseequal, generateless
value-added—that is, makelower contributionsto GDP—than those whose production routines
rely onfewer intermediate goods and services. Industriesin theformer camp can producelarge
amountsof grossoutput while, a the sametime, making comparatively small contributionsto total
GDP. Inlight of this, itisuseful to consider an alternative measure of the size of technology
production—the share of output accounted for by ICT goodsand services.

3.2 Share of gross output

In Table 4, we divide the gross output obtained from the production of the ICT commodities
listed in Table 2 by the gross output obtained from al commodities. These figures can be
obtained directly from the supply table depicted in Figure 1.

Table4 Share of gross output accounted for by the production of information and
communications technology goods and services, 1997, 2000 and 2003

1997 2000 2003
percent
Gross output of ICT* goods and services relative to gross output of all goods
and services 38 44 3.6
Gross output of ICT manufactured goods relative to gross output of all goods 35 4.7 25
Gross output of ICT services relative to gross output of all services 4.1 4.2 4.4

1. Information and communications technol ogy.
Source: Statistics Canada, supply and use tables, Canadian input-output accounts.

These gross output shares do not measure the contribution that ICT producers maketo GDP.
Gross output shares embed large amounts of duplication, asgoods and servicesare gradually
transformed from raw inputsinto finished productsasthey moveaong their vertical supply chain.®®
However, these gross output ratiosmay still be of interest to many readers, becausethey provide
abasic measure of theamount of technology produced, relativeto the economy’stotal productive
output.®

The gross output shares associated with ICT goods and services are qualitatively similar to
the GDP sharesreported in Table 3. In 1997, ICT goods and services accounted for 3.8% of
al gross output. Thisincreased to 4.4% in 2000, and declined to 3.6% in 2003.

The gross output share for ICT products mirrored changes in the GDP contribution of ICT
manufacturing industries (Section 3.1). ICT products accounted for 3.5% of goods production
in 1997. By 2000, this share had increased to 4.7%, only to decline to 2.5% in 2003. There
was no comparable decline in the gross output share of ICT services. These technology
services accounted for 4.2% of the gross output of services in 2000, and 4.4% in 2003.
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The GDPand grossoutput ratiosreported in Tables 3 and 4 are straightforward means of eva uating
theimportance of technol ogy-based production. While conceptuadly different, theseratiosprovide
similar estimates of the size of the domestic technology sector—approximately 4% of economic
output. Thiswasnot obviousa priori because GDP shares—thecontributionthat differentindustries
maketo total GDP—depend both on the amount of grossoutput that an industry producesand on
theamount of intermediateinputsused in the production of thisoutput. In the next chapter, weturn
to descriptive statistics that measure the demand side of the ICT economy—statisticsthat focus
both onitssizeand composition.
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Endnotes

12.  Thismatrix hasthe sameindustry and commaodity dimensionsasthe supply table—approximately
300 industries by 700 commodities. It is critical to note that not all of the intermediate
expenditureson ICT that are recorded in the use table are purchased from domestic suppliers.
Firms acquire these inputs from either domestic sources (ICT_l) or foreign sources (denoted
asFICT_I in Figure 1).

13. Thissum of value-added approach isgenerally referred to as* output-based GDP’; for additional
discussion, see Statistics Canada (2002).

14. The ICT economy is not unique in this regard, as the same can be said of the Canadian
economy generally. In 2003, service industries accounted for 67% of total GDP.

15. The GDP shares reported in Table 3 factor out this duplication by effectively isolating a
particular stage of this vertical process.

16. Whilethetechnology goodsand servicesunder study are, by design, major outputs of domestic
technol ogy industries, the concept being eval uated in these ratios—the gross output associated
with the production of technology-based goods and services—is not equivalent to the gross
output of ICT industries, which includes in principle, both ICT and non-ICT products and
services. The gross output ratios reported in Table 4 are based strictly on the ICT commodity
definition (Table 2) which doesnot limit the production of these commaoditiesto specific sectors.
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Chapter 4. The domestic use of | CT goods and services

growing number of empirical studies link expenditures on information and

communications technology (ICT) capital to productivity or economic growth. Some
of these studies rely on decomposition techniques to ascertain how different factors of
production—investments in information technology, expenditures on other capital assets,
and changesin labour input—are associated with changesin labour productivity.!” Research
on the importance of technology assets has also focused on understanding differencesin
theintensity with which technology isbeing used in different sectors of the economy. These
studies typically differentiate between investments in information technology and more
traditional capital assets, and then correlate the intensity of technology use with various
measures of industry performance (see Stiroh, 2001). In these exercises, information
technology assets are often defined exogenously to capture expenditures on hardware,
software and telecommunications equipment.

These studies shift the focus from technology-producing industries to the adoption of
technology-based goods and services in different sectors. This distinction is critical when
evaluating the dimensionality of the ICT economy—as one may be far more interested in
the extent to which consumers, businesses and governments are using these technologies
than in the extent to which domestic firms are bringing them to market, especially when a
country isanet importer of ICT products.

In this chapter, we present statistics that can be used to assess the relative importance of
technology use in the domestic economy. Unlike the production statistics presented in
Chapter 3, thesefocus on the demand side of the technology market. They also take an open
economy view, by incorporating data on both Canadian and foreign-produced ICT goods
and services. Two summary indicators are examined in this chapter: (i) the share of final
domestic demand accounted for by ICT goodsand services, and (ii) the share of total domestic
demand accounted for by ICT goods and services. We supplement these with more detailed
tabulations that examine various aspects of aggregate technology use.

4.1 Thefinal domestic demand for technology-based goods and services

In Chapter 3 we noted that the Canadian System of National Accounts (SNA) produces
estimates of gross domestic product (GDP) from three distinct methods—the sum of value-
added approach, the expenditure approach, and the distribution of income approach. The
second of these, the expenditure approach, derives in principle from the familiar GDP
eguation
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(1) GDP=C+1+G+(X-M),

where Cisconsumer spending, | isbusinessinvestment, Gisgovernment spendingand (X -M) is
net exports(exports[X] minusimports[M]). Equation (1) depictsthefind demandfor (unduplicated)
domedtically produced goodsand services, broken down into major expenditure categories. Within
the SNA, thesedataare organized in afina demand matrix, whichwepresent stylistically inthe
lower-right quadrant of Figure 1. Thismatrix provides detailed commodity datafor each find
expenditure category.®

Equation (1) formsthe basis for our first summary indicator of domestic technology use—
the share of final domestic demand that is accounted for by ICT goods and services. Final
domestic demand is the sum of three general expenditure categories in Equation (1): C
(consumer spending), | (business investment), and G (government investment and current
expenditures). The portion accounted for by technology goods and services is obtained by
summing al consumer spending, businessinvestment and government spending on the ICT
commodities listed in Table 2, and then dividing this ICT total by the sum of al consumer
spending, business investment and government expenditure:

CICT + | ICT +GICT
C+I1+G

(2) ICT share of final domestic demand =

Thisratio can be obtained directly from thefinal demand matrix portrayed in Figure 1. This
|CT expenditure sharediffersfrom the |ICT GDPand gross output sharesreported in Chapter 3
in several important respects. First, it measures the relative importance of technology in
terms of domestic use, not domestic production. Second, while the ICT goods and services
under study are, by design, important commaodity outputs of domestic ICT industries, the
expenditure shares reported in Table 4 are based on both goods and services produced in
Canada and goods and services imported from abroad.* Third, while the ICT and gross
output ratiosreported in Table 3 encompass both industry output that isconsumed in domestic
markets and industry output that is exported abroad, the expenditure ratio described in
Equation (2) excludes exports and focuses instead strictly on domestic use. All of these
factors help underscore an important point—these final expenditure ratios are not GDP
shares, as GDPisameasure of (unduplicated) domestic production, not domestic utilization.
(We examine thisissue in considerable detail in Appendix B).

It is worth stressing why the positive export term X and the negative import adjustment
term M that appear in estimates of expenditure-based GDP (Equation [1]) are excluded
from estimates of final domestic demand (the sum of the remaining terms C, I, and G).
Exports are excluded from final domestic demand because these are domestic outputs that
are consumed abroad. The negative import term in Equation (1) isexcluded becauseforeign
imports of goods and services (which are excluded from GDP because they are produced
abroad) make up part of the domestic demand for these goods and services. The individual
expenditure categories that together define final domestic demand (consumer spending,
business investment and government expenditure) combine data on imports with data on
domestically produced goods and services.?®
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Table5 Share of final domestic demand accounted for by information and communications
technology goods and services, 1997, 2000 and 2003

1997 2000 2003
percent

Domestic expenditures on final ICT* goods and services relative to all domestic

spending on final goods and services 4.2 5.1 4.4
Domestic expenditures on final ICT goods relative to all domestic spending on

final goods 7.7 9.1 7.6
Domestic expenditures on final ICT services relative to all domestic spending on
final services 1.0 14 16

1. Information and communications technology.
Source: Statistics Canada, final demand matrix, Canadian input-output accounts.

Table5 reportsthe share of final domestic demand accounted for by the ICT goodsand services
ligedinTable2.

Thisfirst demand-side measure of technology useyields overall estimates of the size of the
ICT economy that are qualitatively similar to the production ratios reported in Chapter 3.
Final purchases of ICT goods and services accounted for 4.2% of final domestic spending
in 1997. This grew to 5.1% by 2000, and subsequently fell to 4.4% in 2003. Substantial
differencesin these estimates are apparent when goods and services are examined separately.
In each analysisyear, fina expenditureson ICT make up amuch larger share of final goods
spending than final services spending. In 2000, ICT products amounted to 9.1% of all final
gpending on goods. ICT services, by contrast, were only 1.4% of all final spending on
services. These large qualitative differences between ICT goods and services were not
apparent in the supply-based estimates examined earlier.

Theabovetabulationstell ushow large ICT expendituresareinrelationto al fina spending
on goods and servicesin Canada. Next, we examine the distribution of thesefinal technology
expenditures in 1997 and 2003. Table 6 reports how final purchases of ICT goods and
services are distributed between the three domestic expenditure categories that together
comprisefinal domestic demand (consumer spending, businessinvestment and government
expenditures). Table 7 presents the percentage of total spending within each of these
expenditure categories that is accounted for by ICT goods and services.

Table6 Distribution of information and communications technology final domestic
expenditures, by expenditure category, 1997 and 2003

Year Consumer Business Government Total domestic

spending investment investment? expenditures
onfina ICT?
goods and services
percent
1997 45.8 44.6 9.5 100
2003 48.2 27 9.1 100

1. Information and communications technol ogy.

2. Note that we have referred to government expenditures as government investment as all final government spending on ICT
goods and services is limited exclusively to capital expenditures.

Source: Statistics Canada, final demand matrix, Canadian input-output accounts.

The Canadian Economy in Transition Series -28- Statistics Canada — Catalogue no. 11-622-MIE, no. 015



Table 7 Information and communications technology final domestic expenditure rates, by
expenditure category, 1997 and 2003

Year Consumer Business Government
spending investment investment

percent
1997 33 104 17.2
2003 3.6 105 15.6

Source: Statistics Canada, final demand matrix, Canadian input-output accounts.

Consumer spending and busi nessinvestment together account for about 90% of thefina domestic
demand for ICT commodities. Each represented about 45% of final technology salesin 1997; by
2003, businessinvestmentsin | CT capita accounted for adightly smaller shareof final technology
purchases (42.7%) than consumer spending (48.2%). Government spending on ICT capital—
investment expendituresmadein hedth, education and public administration industries—amount
toonly 9.1% of dl final technology sales.

While consumer spending and businessinvestment account for roughly the same percentage
of final ICT sales, these technology-based goods and services make up amuch larger share
of investment spending than consumer spending (Table 7). In 1997, business acquisitions
of ICT capital assets amounted to 10.4% of all investment spending; by contrast, personal
expenditures on these goods and services represented only 3.3% of total consumer spending.
Similar ICT expenditure rates were apparent in 2003. Technology accounted for 10.5% of
business investment and 3.6% of consumer spending.

Technol ogy purchases account for about one-sixth of all capital spending by government. It
IS important to stress that capital spending on goods and services represent only a small
fraction of the government expenditures that are used in calculating GDP. Most of these
expenditures are made up of wages and salaries. When wages and salaries are included
along with capital investments, the ICT expenditure rates reported in Table 7 decline
precipitous y—to 1.8%in 1997 and 1.7%in 2003.

4.2 The total domestic demand for technology-based goods and services

Theexpenditureratiosreported in the previous section examine one particular aspect of domestic
technol ogy use—spending onfina goodsand services. But final spending isnot equivaent tototal
spending—as businesses purchase both final ICT commodities (as capital investment) and
intermediate | CT commodities (asproduction inputs). In thissection, wereport estimates of the
total domestic demand for ICT goodsand services. Thisisamore comprehensive measure of the
use of these technol ogies and may be amore suitabl e indicator of domestic technology usein
economieswherelargeamountsof business spending are channdlled into intermediateinputs.

We obtain estimates of total domestic demand by adding industry-level dataon intermediate
|CT spending (obtained from the use matrix in Figure 1) to our estimates of thefinal domestic
demand for these products and services.?t Asbefore, we convert our estimates of technol ogy
spending into sharesto obtain ameasure of size. Table 8 reports on the share of total domestic
demand accounted for by ICT products and services.
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Table8 Share of total domestic demand accounted for by information and communications
technology goods and services, 1997, 2000 and 2003

1997 2000 2003
percent

Domestic expenditures on all ICT* goods and services relative to all domestic

spending on all goods and services 4.9 5.6 4.7
Domestic expenditures on all ICT goods relative to all domestic spending on

al goods 7.7 8.4 6.6
Domestic expenditures on all ICT services relative to all domestic spending on

all services 15 22 25

1. Information and communications technology.
Source: Statistics Canada, supply table and fiinal demand matrix, Canadian input-output accounts.

When using thismore comprehensiveindicator of domestic technology use, there ativeimportance
of ICT spending increases. Purchases of ICT goods and services accounted for 4.9% of total
spendingin 1997, 5.6%in 2000, and 4.7%in 2003.

This more inclusive estimate of technology spending also masks substantial differences
between goods and services. In 2000, total spending on ICT goods accounted for about 8%
of all domestic spending on goods, while purchases of ICT services amounted to about 2%
of total domestic spending on services.

The production and expenditure ratios reported in this and the previous chapter represent
different approaches to measuring the size of the domestic ICT economy. On balance, each
of these methods yields highly complementary results. On the supply-side, ICT industries
in 2003 generated about 4% of total GDP—their contribution to the economy in terms of
value-added, or unduplicated production. And the gross output associated with ICT products
and services—effectively the total amount of technology product by firms operating in
Canada—represented about 4% of the economy’s productive output. On the demand-side,
domestic purchases of final ICT products and services in 2003—which encompass both
domestic and foreign-produced ICT goods and services—accounted for about 4% of final
domestic demand. And the importance of ICT increases only modestly when the focus
shiftsfromfinal to total domestic demand, which includes both final domestic expenditures
and business spending on intermediate ICT inputs.
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Endnotes

17. See, for example, Jorgenson, Ho and Stiroh (2005).

18. The actual final demand matrix includes a more detailed set of expenditure categories. For
discussion, see Randall (1989).

19. Canada has a negative trade balance in ICT; see Beckstead and Gellatly (2003).

20. Consequently, the negativeimport term M excludes al imports from expenditure-based GDP
“inorder to remain trueto the concept of domestic production.” (Randall, 1989: 22). Separating
importsfrom domestic output within specific expenditure categories (e.g., consumer spending,
business investment) is not operationally feasible.

21. Inventory adjustments were also included in the estimation of total domestic demand.
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Chapter 5. Total technology expenditures by industry

Il of our descriptive tabulations to this point have focused on aggregate measures of

echnology production or technology use. In this chapter, we combine data on capital
investment and input spending to present detailed estimates of technology spending in
different sectors. Separate tabulations are reported for the 13 industry groups listed in
Table 9.

Table9 Industry definitions

Industry group Detailed description (NAICS' code)
Agriculture, forestry, fishing and hunting Agriculture, forestry, fishing and hunting (11)
Mining and oil and gas extraction Mining and oil and gas extraction (21)
Utilities and construction Utilities (22) and Construction (23)
Manufacturing Manufacturing (31-33)
Distributive trades Wholesale trade (41) and Retail trade (44-45)
Transportation and warehousing Transportation and warehousing (48-49)
Information and cultural Information and cultural industries (51)
Finance, insurance and real estate Finance and insurance (52), Real estate and rental and leasing (53)
Professional, technical and management services Professional, scientific and technical services (54), Management
of companies and enterprises (55)
Administrative and support services Administrative and support, waste management and
remediation services (56)
Entertainment, accommodation and food services Arts, entertainment and recreation (71), Accommodation
and food services (72)
Non-market services Education services (61), Health care and social assistance
(62), Public administration (91)
Other services Other services (except public administration) (81)

1. North American Industry Classification System.
Source: Statistics Canada, 1997 North American Industry Classification System.

Our discussion is organized around a related set of data tables. Table 10 examines how
different industries apply information and communications technology (ICT) to their
production systems—by distinguishing between capital spending and intermediate spending
on production inputs. Table 11 reports ICT expenditure rates—the share of all industry
gpending that is accounted for by purchases of ICT goods and services. Separate ICT
expenditure rates are reported for intermediate spending, capital investment, and total
expenditures (the weighted sum of the first two categories). Table 12 examines how the
total volume of technology spending is distributed across industries. Separate tabulations
are reported for 1997 and 2003.
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Table 10 Intermediateindustrial expenditureson, and industrial capital investment in, information and
communications technology, 1997 and 2003

Industry group 1997 2003

Intermediate Capital Total  Intermediate Capital Total

expenditures investment expenditures  expenditures investment  expenditures

percent

Agriculture, forestry, fishing and hunting 69.8 30.2 100 73.3 26.7 100
Mining and oil and gas extraction 74.3 25.7 100 43.0 57.0 100
Utilities and construction 73.4 26.6 100 74.6 254 100
Manufacturing 88.8 11.2 100 824 17.6 100
Distributive trades 65.6 344 100 73.8 26.2 100
Transportation and warehousing 58.2 41.8 100 45 55.5 100
Information and cultural 38.1 61.9 100 58.3 417 100
Finance, insurance and real estate 63.5 36.5 100 60.4 39.6 100
Professional, technical and management services 58.8 41.2 100 73.6 26.4 100
Administrative and support services 54.1 45.9 100 63.0 37.0 100
Entertainment, accommodation and food services 67.2 32.8 100 457 54.3 100
Other services 62.3 37.7 100 47.8 52.2 100
Non-market services 51.6 484 100 54.0 46.0 100
All industries 65.7 34.3 100 66.0 34.0 100

Source: Statistics Canada, use table and final demand matrix, Canadian input-output accounts.

The majority of ICT purchases in Canadian industry are intermediate expenditures on
technology that is consumed or transformed in production routines (Table 10). Purchases of
technology inputs accounted for two-thirds of ICT purchases in 1997 and in 2003. This
relative emphasis on input spending ismost apparent in manufacturing—where intermediate
purchases amounted to 89% of total ICT spending in 1997 and 82% in 2003. Over 90% of
these ICT input purchases in manufacturing are for goods.

Therelativeimportance of intermediate |CT spending iswidespread. In 1997, only 1 of the 13
industry groups studied allocated more than 50% of their technology spending to capital
assets; in 2003, 4 of the 13 reached this mark.

While most ICT spending is on intermediate inputs, these ICT inputs account for only a
smadll fraction of total intermediate spending (Table 11). Thisistruein most of the sectorsstudied.
Inmanufacturing, ICT inputsaccount for about 5% of tota input spendingin 1997 and 3% of input
spending in 2003. Information and cultural industrieshavethe highest rate of ICT spending asa
portion of total inputs—at 18% in 1997 and 24% in 2003.

ICT expenditures make up a larger share of business spending on the investment side. In
1997 and 2003, some 15% and 16% of all investment spending involved the purchase of
ICT capital assets respectively. Thereis substantial variation in ICT investment intensities
acrossindustries. In manufacturing, ICT capital expenditures constituted 9% of investment
spending in manufacturing in 1997 and 14% of investment spending in 2003. The share of
investment spending devoted to |CT ismuch larger in many of the serviceindustries studied.
Information and cultural industries stand out. In both periods, over 60% of investment
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gpendingintheseindustrieswason | CT capital. Two other serviceindustriesgroups—yprofessond,
technical and management services, and administrative and support services—also make
comparatively largeexpenditureson | CT asapercentage of their total investment outlays.

Table 11 Information and communicationstechnology expenditurerates, by industry, 1997 and 2003

Industry group 1997 2001

Intermediate Capital Total  Intermediate Capital Total

expenditures investment expenditures  expenditures investment  expenditures

percent

Agriculture, forestry, fishing and hunting 0.8 2.1 0.9 0.9 2.6 11
Mining and oil and gas extraction 18 0.6 12 1.9 27 2.3
Utilities and construction 35 9.8 4.2 32 7.7 38
Manufacturing 4.7 8.9 5.0 31 14.0 3.6
Distributive trades 6.5 20.4 85 6.9 17.6 8.2
Transportation and warehousing 29 6.0 37 2.6 9.0 4.3
Information and cultural 18.1 60.8 320 24.4 64.4 329
Finance, insurance and real estate 8.1 14.2 9.6 8.7 20.6 11.3
Professional, technical and management services 11.1 575 16.6 15.3 64.8 19.1
Administrative and support services 9.6 54.8 155 7.7 49.2 11.1
Entertainment, accommodation and food services 1.8 10.4 2.4 1.6 20.4 3.3
Other services 4.0 9.2 51 31 231 5.6
Non-market services 4.8 17.8 7.4 4.9 15.9 7.1
All industries 51 149 6.6 5.0 16.2 6.6

Source: Statistics Canada, use table and final demand matrix, Canadian input-output accounts.

Tables10 and 11 report on how specificindustries spend on technol ogy—asintermediate inputs
or capital investment—and how intensively thistechnology spendingisinrelationtothelr total
outlays. Theabsolute size of these expendituresvariessubstantially acrossindustries. Weexamine
thisin Table 12.

Manufacturing industries account for the largest share of total ICT spending, with 29% of
ICT purchases in 1997 and 20% of ICT purchases in 2003. Manufacturing accounts for a
higher share of al intermediate ICT spending—39% in 1997 and 25% in 2003—despite the
relatively low expenditure rates for ICT inputs reported in Table 11. This underscores the
fact that manufacturing industries spend much more on intermediate inputs than do most
other sectors—both in terms of technology inputs and other production inputs.

Turning to capital investment, ICT spending is dominated by three serviceindustry groups.
Information and cultural industries accounted for 26% of total ICT investment spendingin
1997, followed by non-market services (19%) and financeinsurance and real estateindustries
(14%). Each of these three groups accounted for about 20% of ICT investment spending in
2003. By comparison, technology investmentsin the manufacturing sector represented 10%
of ICT investment spending.
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Table 12 Distribution of information and communications technology expenditures acrossindustries, by

expendituretype, 1997 and 2003

Industry group 1997 2001

Intermediate Capital Total  Intermediate Capita Total

expenditures investment expenditures  expenditures investment  expenditures

percent

Agriculture, forestry, fishing and hunting 0.7 0.5 0.6 0.7 0.5 0.6
Mining and oil and gas extraction 1.0 0.7 0.9 12 31 1.8
Utilities and construction 6.4 4.4 5.7 6.3 4.2 5.6
Manufacturing 38.6 9.3 28.5 24.6 10.2 19.8
Distributive trades 8.9 8.9 8.9 105 7.2 9.4
Transportation and warehousing 2.1 29 24 17 4.1 25
Information and cultural 8.4 26.1 145 134 18.7 15.2
Finance, insurance and real estate 12.8 14.1 13.3 14.3 18.2 15.6
Professional, technical and management services 6.8 9.1 7.6 11.9 8.3 10.7
Administrative and support services 20 33 25 21 24 2.2
Entertainment, accommodation and food services 1.2 11 11 11 2.6 1.6
Other services 0.8 0.9 0.8 0.7 1.6 1.0
Non-market services 10.4 18.7 13.2 114 189 139
All industries 100 100 100 100 100 100

Source: Statistics Canada, use table and final demand matrix, Canadian input-output accounts.
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Chapter 6. Conclusion

here is substantial demand for statistical information on what is often described as the

technol ogy-based economy. Thishas occasioned asteady flow of analytical studieson (1)
the production characteristics of technol ogy-based firmsand industries and (2) the adoption of
high-tech goods and servicesin different sectors of the economy. Thesetwo linesof research are
oftenindependent of oneancther. Consequently, estimates of technol ogy production and technol ogy
useoftenderivefrom unreated methodsof classfication. Thispaper demongrateshow thedatistica
architecture of Canada’'s System of Nationa Accounts can be used to analyzetheinformation and
communications technology (ICT) sector. It develops an integrated set of ICT industry and
commodity classificationsand then usestheseto examinethere ativeimportanceof ICT production
and ICT use.

Our analysisof domestic technol ogy production focused ontwo related but different measures: (1)
the contribution to grossdomestic product (GDP) made by ICT industries, and (2) the share of
grossoutput accounted for by the production of ICT commodities. Thefirstisameasure of the
value-added created by technol ogy producers; the second focuses, at amorebasiclevel, on how
much domestic production invol vesthe creation of technology goods and services. Thesetwo
indicatorsyield very smilar estimatesof theszeof theeconomy’stechnology output. ICT industries
contributed about 4% to total GDP during the years studied. The share of the economy’ s output
made up of ICT products and services also stood at about 4%. Both measures show the same
pattern of growth and declineinthere aiveimportanceof ICT goods, along with asteady increase
intheimportanceof ICT services.

Wethen examined the demand side of thel CT economy by focusing ontwo measuresof domestic
technology use. These are conceptually broader measures of the |CT economy because they
focus on the domestic utilization of both Canadian-produced and foreign-produced ICT goods
and services. First, we ask what share of final domestic demand—all final domestic spending on
goodsand services—isaccounted by ICT commodities. We then devel op amore comprehensive
measureof technology useby reporting thel CT shareof tota domestic demand, whichincorporates
bothfina ICT spending and intermediate purchases of ICT inputs.

Thesetwoindicatorsof ICT intengity yield quditatively smilar estimatesof the size of the demand
sideof thedomestic ICT economy.
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Purchasesof final ICT goods and servicesaccount for around 4% to 5% of al fina spending—
roughly the sameratio of ICT to total activity that we obtain from our estimates of domestic
technol ogy production. Some 90% of thesefinal technology purchasesissplit evenly between
household purchasesand businessinvestment. ICT purchasesmakeup amuch larger shareof final
spending on goodsthan of final spending on services.

Only one-third of businessspending on ICT isinvestment (expenditureson durable capita assets).
Theremaining two-thirdsisonintermediate inputs, technol ogy-based goods and servicesthat
firmsconsumeor transformin their production processes. These additiona expendituresdo not
ubgtantidly ater our prior estimatesof there ativeimportance of technology spending. ICT products
and servicesaccounted for about 5 to 6% of the total domestic demand for goods and services,
depending ontheyear studied.
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Appendix A. Coverage of the ICT commodity bundle—
domestic goods versus imported goods

I n this paper, we use related information and communications technology (ICT) industry

and commodity classificationsto examine the size and composition of the domestic ICT
economy. Our ICT industry classificationisavariant of the |ICT standard of the Organisation
for Economic Co-operation and Development (OECD), expressed in terms of input-output
industries. We then derive an I|CT commodity set based on the principal commodity outputs
of thesedomestic ICT industries. This, inour view, represents aprudent classification strategy
for undertaking an integrated analysis of domestic technology production and domestic
technology use.

One limitation of our approach isthat the ICT commodity classification may exclude large
imports of technol ogy-based goods and serviceswhich are not classified asimportant outputs
of Canadian ICT industries. This could occur even when the dollar value of these imported
commodities exceeds the gross output thresholds that are used to classify the individual
goodsand servicesin Table2 asICT-based. Inall likelihood, thisisamore critical issuefor
ICT goods.

One means of assessing how the exclusion of animport criterion from our selection method
affects our estimates is to compare our ICT classification to the emerging ICT commaodity
standard developed by the OECD. As an international standard, the OECD commodity list
may better account for basic differencesin technology production amongst member countries,
and hence, serve as a better indicator of the international trade in ICT goods. We examine
the relationship between these classifications below.

Comparing the ICT goodsin Table 2 with the OECD’sICT goods classification

The ICT goods classification proposed by the OECD is discussed in ICT Manufacturing
Goods (OECD, 2001, especially Annex 1A). This set of ICT goods is defined in terms of
the Harmonized System (HS) for both 1996 and 2002. Fortunately, the commodity
classification system that supports the Canadian input-output accounts includes a
concordance that allows us to compare HS commodities to the higher-level commodity
aggregates maintained in the input-output tables. To support alongitudinal analysisof these
commodities, the input-output commodity structureis based on the 1988 vintage of the HS
(which distinguishes between some 563 goods).
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TableA.1 Input-output information and communications technology goods, by classification

source
Relationship to the ICT?* goods classification used
Input-output commaodity number and name thisin study and to the ICT goods classification
of the OECD.?
3235 Service industry machinery Common to both classifications.

3291 Computers, video units, printers, etc.

3571 Radio, stereo, cassette and CD players, and accessories

3580 Telephone and related equipment, including facsimile

3599 Broadcasting and radio communications equipment

3600 Radar and radio navigation equipment

3619 Semi-conductors

3621 Printed circuits

3622 Integrated circuits

3700 Wire and cable, insulated, excluding aluminum

3903 Optical fibre cables

4989 Lab and scientific instruments, and flight simulators

4999 Measuring and controlling instruments

3090 Gasand water meters Included in the OECD classification but excluded

3292 Office equipment, excluding photocopy and fax machines from the classification used in this study.

35721 TV, VCR, and accessories

35722 Unrecorded tapes (blanks)

3623 Other electronic equipment components

3630 Electronic darm and signa systems

3672 Transformers and converters

3729 Wiring materials and electrical meters

4970 Aircraft and nautical navigation instruments, excluding radio

5001 Medical and dental equipment and supplies

5031 Optical and photographic equipment

52011 Recorded media, including music, movies and pre-packaged
software

5032 Photocopy and microfilm equipment Included in the the ICT classification used in this

study but excluded from the OECD classification.

1. Information and communications technology.
2. Organisation for Economic Co-operation and Development.
Source: Statistics Canada, Canadian input-output accounts.

To comparethe OECD ICT goodsdefinitionwiththel CT goodslisted in Table 2, we converted
the OECD HS codesto 1988 HS codes, and matched these to our input-output commodities.
About one-haf of theinput-output commoditiesinthe OECD list wereincluded inour ICT goods
classfication. That said, asignificant number of these OECD commoditiesareexcluded fromthe
|CT goodsdefinition used inthisstudy.

TableA.1 provides some detail on the relationship between these two classifications. It lists
the 26 input-output goods that find expression either in our ICT commodity classification
or inthe OECD one. Thirteen of these commoditiesare common to both lists. These account for
88% of the output of the|CT goodsindustries selected for thisstudy. Twelve other input-output
commoditiesarelinkedto at least onel CT good inthe OECD classification (asspecified by its6-
digit HS code) but are not included in our ICT classification. Together, these 12 input-output
commoditiesrepresent only 3.4% of thetota output of domestic ICT goods-producing industries.
Theremaining commodity ispart of our ICT list, but not includedinthe OECD classification. It
representsonly asmall fraction of ICT industria production.
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TableA.2 Share of final domestic demand and total domestic demand for goods accounted
for by ICT? products

1997 2000 2003
percent
Share of the final domestic demand for goods
ICT products based on current classification? 7.7 9.1 7.6
ICT products based on extended classification® 9.8 11.2 9.7
Share of the total domestic demand for goods
ICT products based on current classification 7.7 8.4 6.6
ICT products based on extended classification 9.3 10.1 8.3

1. Information and communications technology.
2. Based on goods identified in Table 2.

3. Based on goods identified in Table 2 and additional goods identified in the Organisation for Economic Co-operation and
Development classification.

Our set of ICT goodsclearly relatesto the OECD classification in oneimportant respect—the
principal commodity outputsthat weidentify as| CT-based are al so classified astechnol ogy-
based by the OECD. Atissueishow theinclusion of the 12 additional commoditiesthat are not
part of our ICT goodsligt, but that areincludedinthe OECD ligt, affectsour estimates of technol ogy
expenditures.

We examinethisbelow by revisiting the share of final domestic spending and total domestic
spending accounted for by ICT goods. TableA .2 reportsthese shares, as presented in Tables
5 and 8 respectively. We then re-estimate these ICT shares based on an expanded goods
definition—one that includes our set of ICT goods and the 12 additional ICT goods in the
OECD list that are not included in our classification. Commodities in this latter group are
not important outputs of domestic technology industries (as determined by our classification
routine). However, if there are large imports of these goods, they can affect our estimates of
the size of the demand side of the ICT economy.

In al years, the inclusion of these additional commodities has a measurable impact on the
relative size of technology expenditures. In 2003, the share of all final domestic spending
on goods accounted for by ICT products increases from 7.6% to 9.7% when moving to the
broader classification, a27% increasein size of thetechnology share. Similarly, theshareof total
domestic spending accounted for by technology productsincreasesfrom 6.6%to 8.3%, a26 %
increase.

We should notethat this broader approach to classification (albeit onethat focusesexclusively
on goods) doesnot qualitatively ater the conclusions presented herein concerning the overall
magnitude of technology spending. When theses additional goods from the OECD
classification are combined with the full set of ICT products and services listed in table 2,
the technology share of final domestic demand in 2003 increases from 4.4% to 5.5%.
Similarly, the technology share of total domestic demand increases from 4.7 to 5.6%.
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Appendix B. The GDP contributions of technology
producers and the share of final domestic
demand accounted for by technology use

n our discussion of final expendituresin Section 4.1, we stated that the share of fina

domestic demand accounted for by technology-based goods and services should not be
construed as the contribution these goods and services make to gross domestic product
(GDP). The distinction between these commodity-based final expenditure ratios and the
industry value-added ratios that capture the contribution of technology producers to total
GDP (reported in Section 3.1) warrants some additional discussion.

Aswe noted in Chapter 4, the share of final domestic demand accounted for by technology-
based goods and services can be derived from the fina demand matrix—a matrix which
classifiesall commodity expenditureson final goodsand servicesinto the major expenditure
categoriesthat together constitute final expenditure GDP. The aggregate GDP estimatesthat
derivefromthefina expenditure method (see Equation[1]) and the sum of value-added method
used in Chapter 3 are equivalent, some differences in the treatment of taxes and subsidies
notwithstanding. One may therefore betempted to estimate the contribution that information and
communicationstechnology (ICT) commoditiesmaketo GDP by summing al final expenditures
on |CT goodsand services (whichwedepict stylistically in Figure 1 asarow inthefinal demand
matrix) and dividing thisfigureby find expenditure GDP.

We should begin by noting that, in Chapter 4, we examined the final domestic demand for
technol ogy-based goods and services—one measure of the intensity with which technol ogy
isbeing used in the domestic economy. Aswe noted in Chapter 4, thisisnot ameasure of all
final expenditures on technology, of the sort that would presumably form the basis for the
contribution to GDP ratio noted above. The final domestic demand for ICT excludes
technol ogy exports and includes technol ogy imports—and thus do not accord with domestic
production. But the above issue remains—is it sensible to use these final demand data to
estimate the contribution that these technology-based goods and services make to total
GDP, presumably by adding up all final expenditureson ICT goods and services (including
exports and netting out imports) and dividing this by final expenditure GDP, the sum of all
final spending (including exports net of imports) in the economy. Such a measure looks, at
first blush, just to be an expenditure-based analogue to the contribution to GDP shares
reported in Table 3, which measure the value-added associated with a particular industry
(our amalgam of ICT producers) relative to total GDP, the sum of value-added across
industries.
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Computational similaritiesaside, the commodity-based expenditureratio described above does
not capture the contribution that these goods and servicesmake to GDPin any meaningful sense.
Therearesevera reasonsfor this. Most fundamentally, within national accounting programs, the
concept of acontributionto GDP isclosdy aigned with economic production: firmsand industries
contribute to GDP by generating value-added via the transformation of inputsinto outputs.
Commodity expenditures do not contribute to value-added in any anal ogous sense, whereby
spending on final technology goodsand services could be said to proxy theimportance of these
commoditiesto domestic production.

A different way of illustrating this point is to focus on the distinction between final and
intermediate spending on technology commodities. Much of the business spending on the
ICT goods and services listed in Table 2 does not go directly towards final demand, but
instead involves the purchase of intermediate technology inputs that are consumed or
transformed in production routines. As we report in Chapter 5, some two-thirds of total
business spending on the commoditieslisted in Table 2 isonintermediate ICT inputs. Unlike
business investments in technology-based assets, which are part of final demand, these
intermediate expenditures are recorded in the use matrix of the System of National Accounts
(see Figure 1). These intermediate expenditures (on ICT and al other commodity inputs)
are aggregated to theindustry level and then subtracted from industry gross output to obtain
an industry’s value-added contribution to GDP. This brings us to the central point: it would
be misleading to infer that these intermediate expenditures on production inputs have no
importance in the creation of GDP—they clearly do viatheir embodied importance to the
production of industry output. Yet these same expenditures, by definition, have no presence
in the final demand categories that are used when reporting expenditure-based GDP,

These distinctions have important implications for industry and commodity analysis.
Consider ahypothetical case wherein technology industries create large amounts of value-
added because of asizable gap between the gross output of these industries and expenditures
on intermediate i nputs used to generate thisoutput. Thisvalue-added isclearly acontribution
to GDP in the conventional sense, as it captures the unduplicated value of producing
technology-based goods and services. But what if this entire output of technology goods
and serviceswas purchased by other domestic industriesin theform of intermediate inputs—
with no sales to domestic governments, domestic consumers, or customers located abroad?
These technology commodities would have no weight as a share of final demand because
they are all purchased as intermediate inputs. Yet it seems nonsensical to conclude that
these technology commaodities make no contribution to GDP, as the zero final demand
sharewould suggest. Rather, it ismore the case that these products do not find expressionin
“the ultimate purpose of all economic productive activity” (Randall, 1989: 17) which is
effectively what final demand data describe.
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