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Canada-U.S. Econgmie

Information technology and economic
growth in Canada and the U.S.

I nformation and communication technology

was the largest contributor to growth within capital services
for both Canada and the United Sates during the late 1990s,
but the contribution of this capital asset in Canada

was lower than that in the United States

(ct) equipment appears to be almost

everywhere—in the office, on the factory
floor, in the classroom, at home, and, even in
people’ s pockets. By all accounts, icT appearsto
be rapidly changing the way many enterprises
conduct business and communicate. The
proliferation of icr hasmade theworld seem much
smaller, as computer-related innovations, such
astheInternet, let individual s on opposite sides
of theworldinteract in waysthat were unimagined
20 years ago.

The explosion of ict spending over the last
few decades has sparked renewed interest in the
role of investment and capital accumulation as
sources of economic growth. While productivity
growth, capital accumulation, and the impact of
technology were topics once reserved for
academic debates, the success of the U.S.
economy during the late 1990s has moved such
issues into the popular domain.!

Using revised data on output and capital
input, this article sheds some new light on the
changing composition of investment and the
growth of capital servicesin Canada during the
1990s and makes comparisons to the 1980s2 It
discusses the data sources and the historical
trends of investment and capital formation and
then analyzes the effect of these trends on labor
productivity and multifactor productivity
performance.

I nformation and communication technology

In particular, this article employs well-tested
and familiar methods to estimate annual indexes
of capital services for the Canadian business
sector from 1981 to 2000 and introduces a
decomposition into quantity and quality
components for broad asset classes, including
ict equipment. While much of the recent
Canadian economic literature has documented
the growing importance of computers, thisarticle
examines and compares the extent to which ICT
and other types of capital have contributed to
economic growth in Canada. Finally, it examines
the underpinnings of the productivity perform-
ance of the Canadian and U.S. business sectors
over the last two decades, using comparable
methodol ogies.

Our approach distinguishes between capital
quantity growth due to investment, and
compositional change of asset types (sometimes
referred to as capital quality growth) due to
substitution between different types of capital
assets. Much of theinvestment boom during the
1990s reflects substitution towards high-tech
assetsastheir relative price steadily fell. Wealso
introduce quantity and quality decompositions
for broad asset classes, such as ICT, other
machinery and egquipment (made of low-tech
equipment), and various types of structures.

Our primary conclusion is that the Canadian
business sector has experienced a steady and
pervasive increase in the growth rate of capital
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QLI Classification of total capital
by asset class

Information and communication technology

Computers and office eguipment
Communication eguipment
Software-own account
Software-pre-packaged
Software-custom design

Other machinery and equipment

Office furniture, furnishing

Household and services machinery and equipment

Electrical industrial machinery and equipment

Nonelectrical industrial machinery and equipment

Industrial containers

Conveyors and industrial trucks

Automobiles and buses

Trucks (excluding Industrial trucks) and trailers

L ocomotives, ships and boats, and major replacement
parts

Aircraft, aircraft engines, and other major replacement
parts

Other equipment

Structures

Nonresidential building construction

Road, highway and airport runway construction
Gas and ail facility construction

Electric power, dams, and irrigation construction
Railway and telecommunications construction
Other engineering construction

Cottages

Mobile homes

Multiple dwellings

Single dwellings

Inventories

Land

services during the second half of the 1990s. The growth of
capital services—including fixed reproducible capital, land,
and inventories—has increased from an average annual
growth rate of 3.5 percent over the 1981-88 period to 4.2
percent over the 1995-2000 period.

Dataon Canadian economic growth in output from 1995 to
2000 show that capital and labor continue to make important
contributions to overall growth. One primary source of
growth is in investment. The increase in the growth of
investment, from 1.7 percent per year over 198188 to 11.9
percent over 1995-2000, has led to an increase in the

4  Monthly Labor Review October 2002

contribution of capital servicesfrom 1.4 percentto 1.7 percent
per year between these two periods. Due to strong
investment and an increasing input share, high-tech
equipment isthe only class of fixed reproducibl e assets that
ismaking asignificantly larger contribution to output growth
in the second half of the 1990s relative to the 1980s.

Labor input, another primary source of growth, has
advanced during the post-1995 period mainly as aresult of
the increase in hours worked. The contribution of labor
quality declined, areflection of afalling unemployment rate,
asmoreworkerswith relatively lower marginal productswere
drawn into the workforce during this period.

Still another source of growth, multifactor productivity or
the famous Solow residual, grew at 0.2 percent per year on
average during the last two decades in Canada, compared
with 0.9 percent per year for the United States.® The
acceleration of multifactor productivity in Canadafrom —-0.3
percent per year over the 1988-95 period to 1.0 percent per
year during the post-1995 period (0.5 percent to 1.3 percentin
the United States) suggests considerable improvements in
technology and increases in the efficiency of production.
While the resurgence in multifactor productivity growth in
the post-1995 period has yet to surpass the pre-1973
performance, more rapid multifactor productivity growth is
critical for sustained growth at higher rates.

During the post-1995 period, multifactor productivity
contributed 21 percent of the output growth in Canada (27
percent for the United States), up from 6.1 percent in the
198188 period (26 percent for the United States). Although
the recent resurgence in multifactor productivity in both
countries does not surpass the pre-1973 performance, it is
certainly one of the most important stylized facts of the end
of the twentieth century.

Description of the data

Thisarticleisbased on methodol ogies recently implemented
by the productivity program at Statistics Canada* This
program constructs new Fisher indexes of output and inputs
for the Canadian business sector that are then used to
construct multifactor productivity estimates.

The Fisher output indexes use the expenditure basedGDP®
estimates, but exclude out-of -scope components such asthe
government sector, nonprofit institutions, and the rental on
owner-occupied dwellings. Corresponding adjustments are
also made to capital stock and hours worked. The GDP
estimates incorporate the capitalization of software
expenditures, making the Canada-U.S. estimates of economic
growth comparablefor thefirst timesince October 1999, when
theU.S. Bureau of Economic Analysisintroduced thischange
during a comprehensive historical revision to their National
Income and Product Accounts.



IELICHM  Estimates of capital stock by asset class, Canadian business sector, 1981 and 2000

1981 capital stock 2000 capital stock
Asset class Value Fixed capital | Total capital Value Fixed capital [ Total capital
(millions of share share (millions of share share
currentdollars) (percent) (percent) | currentdollars (percent) (percent)
Total capital StOCK .........ocvvuiiiiiii 492,588 100.0 1,278,237 100.0
Fixed reproducible capital ...........c..coovviiiiiiiiins 290,465 100.0 929,409 100.0
Information, communication, and technology ................. 11,363 3.9 2.3 59,900 6.4 4.7
Computers and software .................... 4,444 1.5 .9 37,493 4.0 2.9
Communication ................. 6,920 2.4 1.4 22,407 2.4 1.8
Other machinery and equipment 80,948 27.9 16.4 238,505 25.7 18.7
Structures .............. 198,153 68.2 40.2 631,008 67.9 49.4
Inventories and land 202,123 41.0 348,828 27.3
Structures, land, and inventorie 400,276 81.3 979,832 76.7

For thisanalysis, the wide number of assetsused in the
productivity program (28 classes) are grouped into three
distinct classes. Exhibit 1 shows the concordance that
produces three broad asset classes—ICT, other machinery
and equipment, and structures (which includes inventories
and land).® This taxonomy not only distinguisheslong-lived
structures from short-lived equipment, but al soict from other
machinery and equipment.

Thisarticle also uses estimates of labor growth that take
into account differencesin marginal productivity acrosslabor
types.” Contrary to the method that just sums all hours
worked across all workers, the method used in this analysis
considers differences across labor types and sums the
growth in hoursworked of different classes of labor weighted
by their relative wage rates or their share of labor
compensation. Much like the estimates of capital input that
capture substitution across asset classes, the approach for
aggregate labor input allowsfor substitution between various
types of labor, for example, workers cross-classified by
education, experience, and other characteristics® This
approach allowsfor abreakdown of the growth of labor input
into growth of labor hours and a labor composition or labor
quality effect that issimilar to the breakdown in capital growth
between the straight sum of all capital and changes in its
composition.

Capital stock estimate in current price

Table 1 contains a breakdown of assets into major groupings
and the 1981 and 2000 val ue of capital stock by asset class. The
perpetua inventory calculations result in a net stock of fixed
reproducibleassetsof $929 billionin current dollarsin 2000, up
from $290 hillion in 1981. Adding in the estimated value of land
andinventoriesyieldsatotal capital stock of $1.3trillionin2000.
The investment inICTin constant prices has grown at an
average annual rate of 16.2 percent during the 1981-2000
period, much faster than the other two classes of assets. (See
table 2.) Despite this rapid growth, however, ict equipment

remains a small share of the business sector’s aggregate
capital. In 2000, ICT capital stock in nominal termsaccounted
for 6.4 percent of fixed reproducible capital, which includes
equipment and structures, up from 3.9 percent in 1981. (See
table 1.) In our broader definition of capital stock that
includes residential assets, land and inventories, icT assets
account for an even smaller share (4.7 percent in 2000,
compared with 2.3 percent in 1981).

Investment in capital growth

Thegrowthin Canada s use of capital can betraced through
an examination of three related data series—an index of the
growthininvestment, an index of the growth in capital stock
(a straight sum of the different assets), and an index of the
growth in capital services—from 1981 to 2000. Furthermore,
each of these can be decomposed into three components:
that arising from investments in ICT, other machinery and
equipment, and structures (which include land and
inventories).®

For a clear view of aggregate trends, average annual
growth rates (in terms of both quantities and prices) are
presented in table 2 for each seriesfor the major asset classes
andfor theentire period 1981-2000, and for three subperiods:
198188, 198895, and 1995-2000. Growth rates for business
sector GDP for the same periods are al so reported.

The dominant feature of the average annual growth rates
isthesignificant drop of output growth during the early 1990s
recession. After rising around 3.3 percent per year during
1981-88, Canada sreal GDP growth fell to 1.5 percent per year
for 1988-95 and recovered remarkably during the second hal f
of the 1990s to reach an average 4.9 percent per year.
Investment, capital stock, and capital servicesall show similar
growth patterns.

Investment. Although investment showed asimilar growth

pattern to that in output, growth in investment showed more
sensitivity to thebusinesscycle. It slowed dramatically from
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\Table Y8 Average annual growth rates of investment, capital stock, capital services, and output, Canadian Business
sector, 1981-2000
(In percent)
Investment index Capital stock index Capital services index GDP
Item
Price Quantity Price Quantity Price Quantity Price Quantity
1981-2000
GDP ittt 2.9 3.0
All @SSetS .....vvviiiiii 1.0 3.6 1.0 2.0 4.2 3.4
Information and communication technology ..... -9.3 16.2 9.3 12.7 1.5 21.0
Other machinery and equipment .................... 2.5 2.0 2.5 2.1 5.6 3.4
SHUCIUIES ..viiiiiiiiicci e 1.5 .8 1.5 1.7 6.8 2.1
1981-88
GDP ot s 4.5 3.3
All @SSELS ...uviiiiiiiicii .5 1.7 .5 1.8 6.4 3.5
Information and communication technology ..... -14.5 11.5 -14.5 8.0 -1.4 21.5
Other machinery and equipment .................... 2.9 2.2 2.9 1.7 7.8 3.7
SHIUCTUIES ...ovviiiiic 1.7 4 1.7 1.9 8.5 2.4
1988-85
GDP ittt 2.4 1.5
All @SSetS .....cvvviiiiiiic 1.8 -2 1.8 1.3 3.7 2.6
Information and communication technology ..... -8.0 13.2 -8.0 11.5 -2.8 17.5
Other machinery and equipment .................... 2.4 -2.1 2.4 1.2 2.2 1.6
SEHUCIUIES ..ovviiiiiicci e 2.0 -1.9 2.0 1.3 7.2 1.6
1995-2000
GDP ottt 2.4 1.5
All @SSELS ...iviiiiiiiii e 7 11.9 7 3.5 1.7 4.2
Information and communication technology ..... -3.2 27.6 -3.2 21.3 .3 25.1
Other machinery and equipment .................... 2.0 7.7 2.0 4.1 7.5 5.5
SHUCIUIES ..ot .3 5.6 3 2.1 4.1 2.5

1.7 percent per year during 1981-88 to—0.2 percent for 1988—
95. However, it surged to 11.9 percent for 1995-2000, helping
to boost cbr growth during this period.

There is substantial variation in the growth rates across
asset classes and an accelerating trend toward equipment
investment, particularly ICT . Redl ICT investment growth was
high and rising throughout thelast two decades. Despite the
cpp slowdown, it was 13.2 percent per year even during the
slow growthintheearly 1990s. In contrast, real investmentin
nonresidential structures dropped to —1.9 percent and other
machinery and equipment fell to—2.1 percent per year, during
the 1988-95 period. Investment in all of the asset classes
grew at amuch higher pace during the 1995-2000 period than
that during the 198188 period.

The more rapid growth of 1ICTcan be understood by
examining the behavior of relative prices. Therateof inflation
of the GDP deflator declined from 4.5 percent per year (1981—
88) to 2.4 percent per year (1988-95) and then to 1.4 percent
per year (1995-2000). The quality-adjusted price of ICT
investment goods fell during the same three post—1981
periods (—14.5 percent to —8.0 percent to —3.2 percent per
year). Relativeto the GDP deflator, ICT pricesfell at an average
of 12.2 percent per year over the 1981-2000 period. The other
categories of investment experienced price increases, but in
general, they were still lower than those of the GDP deflator.
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Investment patterns directly determine the growth of the
capital stock. For example, relatively fast growth in ICT
equipment investment leads to faster capital stock growth
ratesand anincreasein the capital stock share of equipment.
The long-lived nature of structures, however, means this
occurs slowly. The index of real capital stock of ICT
equipment, for example, hasgrown 12.7 percent per year over
the last two decades, compared with structures, which grew
only 1.7 percent per year. The share of ICT eguipment in the
stock of fixed reproducible capital in current dollar terms has
increased from 3.9 percent in 1981 to 6.4 percent in 2000. This
important increase in the value share is due to the large
increase in the quantity of ICT capital that more than offset
thefall in the price of such capital.

Capital formation. Theindexesof the growth of Canadian
capital stock and capital services show that the post-1995
period hasbeen one of relatively rapid growthin capital stock.
The rate of growth of capital fell from 1.8 percent per year
over the 198188 period to 1.3 percent per year over the 1988—
95 period, and rebounded sharply to 3.5 percent per year
over 1995-2000. At the asset level, however, while icT
equipment maintained a sustained growth acrossall periods,
both machinery and equipment and structures experienced a
significant slowdown during the 1988-95 period, followed



by amarked recovery in recent years.

Trends in the growth of the capital stock are major
determinants of the growth of capital services. The growth
of capital services is, however, higher than the growth of
capital stock, reflecting the ongoing substitution of short-
lived equipment for long-lived structures. This shift in
composition is sometimes referred to as changes in capital
quality—in the sense that it results from changes in
composition that are associated with changes in marginal
productivity. All else being equal, a short-lived asset has a
higher depreciation rate, relatively higher service price and,
therefore, a higher relative marginal productivity because
competitive markets equate user capital cost to marginal
productivity. As a consequence, the fast growing short-lived
assetsreceiveahigher weightinthecapital serviceaggregation,
compared with their weight for the capital stock.’® For
individual asset classes, the results in table 2 show that
capital-service growth always exceeds the growth of the
capital stock, which implies asset substitution also occurs
within asset classes.

These datadocument animportant recovery inthegrowth
rate of Canadian capital services across all asset classes in
the post-1995 period. This reflects, in large part, the rapid
growth of investment in the second half of the 1990s for all
asset classes. Thisisanimportant development becauseitis
the growth of capital services and not the level of capital or
investment growth that ultimately affects economic growth
in output.

It is useful to compare Canada’s capital services growth
withthe U.S. measure of capital services! FortheU.S. private
business sector, which most closely matches Statistics
Canada's estimates, the Bureau of Labor Statistics reports
capital services growth of 3.8 percent for all assets in the
198199 period, slightly more than Canada’ s estimate of 3.3
percent for the same period. This may reflect structural
differences between the two countries.

For both countries, the trends are quite similar during
the various subperiods.BLSreportsadecreasein the growth
of capital servicesfrom 3.9 percent for 198188 to 2.8 percent
for 1988-95 and then a recovery to 5.3 percent for 1995-99.
(For Canada, the estimates are 3.5 percent, 1981-88; 2.6
percent, 1988-95; and 4.2 percent, 1995-99). However, there
aremarked cross-country differencesin the growth of capital
services at the asset level. The U.S. ICT equipment capital
services grew 17.5 percent during the 1995-99 period, up
from 14.5 percent over the 1981-88 period and 8.5 percent
over the 1988-95 period This is far below the performance
experienced by its Canadian counterpart (25.7 percent, 1995—
99; 21.5 percent, 198188 period; and 17.5 percent, 1988-95).
Although in the United States, other machinery and
equipment and structures recovered in the 1995-99 period
in comparison with the 1988—95 period, this performance

remains below that posted in the previous decade. In
contrast, during the 1995-99 period, Canada’'s other
machinery and equipment and structures experienced their
fastest growth since 1981.

Decomposing the growth in capital services. To identify
and quantify the sources of theincreasein capital services, in
terms of changes in composition of investment within asset
classes and between asset classes, we provide a framework
that decomposes the growth in capital services into three
major components. Inthisframework, capital servicesincrease
for three reasons—substitution towards short-lived, high
marginal product assets within asset classes (within quality
effect), substitution between asset classes (between quality
effect), and accumulation of capital stock (capital
accumulation effect).

The growth of aggregate capital services (the log
represents the growth rate) is decomposabl e as follows?2;

@

o D¢ j 2K, 0 2K, 0
In _.‘_%= a vtllng T+ 3 (7 - Wﬂ)lngi‘j i+ d wn 5—‘1:
7] g i Klig i 10

where K, = aggregate capital services

D! = quality change of the asset class j = ICT,

Ktj = other machinery and structures and the capital stock
of the asset class | at period t

\7tI = average rental cost share for the asset class | at
period t and

letJ = average value share of capital stock for the asset
class j at period t

Each of these three components has a specific economic
interpretation. The first term on the right-hand side will be
referred to as the “within quality effect,” which measures
substitution and capital quality growth within distinct asset
classes. The second term represents the “between quality
effect,” which measures substitution between distinct asset
classes. The last term is the “capital accumulation effect,”
which measures capital stock accumulation.

Table 3 presents the contribution to the growth in total
fixed capital servicesfrom each component for 1981-2000 and
subperiods. The decomposition allows us to identify the
sources of increase of capital services growth by comparing
each component across asset classes and over time. Table 3
should be read in the following manner. Consider the 3.4-
percent per year growth of capital servicesfor the 1981-2000
period (last column, first row). Thisismade up of al.2-percent
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\Table gl Decomposition of the growth in capital services by asset class, Canadian business sector, 1981-2000
Within Between Weighted Capital
quality quality capital services

Asset class effect? effect! accumulationt growth?

1981-2000
Fixed capital ........ooouuiiiiii 0.9 0.3 2.1 3.4
Information and communication technology .............cc.ccocveennee. 4 .3 .5 1.2
Other machinery and equipment ..............ccooveiiiiiiiiiiinineeinnns .3 1 4 .8
SHUCLUIES ..ttt .2 -1 1.2 1.4

1981-88
FiXed Capital ....c.ueeniieiiii e 1.4 1 2.0 3.5
Information and communication technology ............................. .6 .2 .2 1.0
Other machinery and equipment ............cocovviiiiiiiniiiicieenis .5 i .3 .9
STTUCTUIES ..ottt .3 -1 1.4 1.6

1988-95
Fixed capital ..............ccooeiiiiiiiii 7 .3 1.7 2.6
Information and communication technology 4 .3 4 1.1
Other machinery and equipment ......... 1 1 .3 4
Structures .2 —.1 1.0 1.1

1995-2000
Fixed capital ........ooouuiiiiii 7 .6 2.9 4.2
Information and communication technology .2 .6 .8 1.6
Other machinery and equipment ............. .3 0 .8 1.2
Structures .2 -1 1.3 1.4

1 Average annual percentage point contribution.
2 Average annual growth rate.

contribution from ict, 0.8 percent from other machinery and
equipment and 1.4 percent from structures. Looked at from
the decomposition outlined in equation 1, this 3.4 percent
comes from 0.9 percent of awithin-class effect (substitution
across assets within an asset class), 0.3 percent from a
between-class effect (substitution across asset classes), and
2.1 percent of a capital-accumulation effect (general growth
across all asset classes).

Theestimates show that at the aggregate level, the capital -
accumulation effect isthe primary source behind the growth
of total capital servicesfor all periods. However, this varies
across asset classes: the total quality effect (the sum of the
within and between quality effect) constitutes the major
source behind the growth of ICT capital services for all
periods, whereas the capital-accumulation effect tends to
dominatefor other machinery and equipment and structures.
Substitution across asset groups within an asset class
becomes increasingly important over time, particularly for
ICT.

For all periods and all asset classes, the total quality
effect is primarily driven by the within quality effect.
However, the 0.7-percentage point annual increase of capital
services between 1981-88 and 1995-2000, which is mainly
attributable to ict and other machinery and equipment, is
mostly driven by the between-effect, which increased by 0.5
percentage points per year and the capital-accumulation
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effect, by 0.9 percentage points per year.

Sources of economic growth

Framework. Thegrowth of capital servicesalongwiththe
growth in labor input and multifactor productivity are the
three primary determinants of the economic growth in output.
This type of growth accounting exercise has a rich history
beginning with the seminal work of Robert M. Solow, who
integrated the aggregate production function with national
income data to produce an estimate of productivity growth
that captured disembodied technical change.’®> Aggregate
output Y isconsidered to be produced from capital services
K, and labor services L( Representing productivity as a
‘Hicks-neutral’ augmentation A of aggregate input, output
can bewritten as:

@ Y, = AF(K,.L)

Under the assumptions of competitive product and factor
markets, and constant returns to scale, growth accounting
givesthe growth of output asthe sum of the share-weighted
growth of inputs and growth in multifactor productivity:

®  DInY, =5,,DInK, +5_DInL, +DInA



where
Sk t = capital’ s average share of nominal value-added
S +t labor average share of nominal value-added
it & =1
A the augmentation factor, captures multifactor
productivity
D refersto afirst difference.

Equation (3) hasseveral attractivefeatures. It facilitates
the decomposition of the growth in output into the
contributions made by labor and capital inputs on one hand,
and aresidual that is called multifactor productivity growth,
on the other hand. It also allowsfor the quantification of the
contributions of different types of capital, such asICT, tothe
growth of output.

In addition, rearranging equation (3) enablesusto present
resultsin terms of labor productivity growth as:

~

0
—-+sLt(DInH )+ DinA,

H, 2
where
Y
H_t = output per hour worked
Kt
H_ =theratio of capital servicesto hoursworked

This gives the familiar formula that allocates labor
productivity growth among threefactors. Thefirst iscapital
deepening, the growth in capital services per hour. Capital
deepening (also calledcapital intensity) makesworkersmore
productive by providing more capital for each hour of work
and raises the growth of labor productivity in proportion to
the share of capital. The second term is the improvement in
labor quality, defined asthe difference between the weighted
growth rates of each category of labor and the growth in the
simple sum of hours worked across all worker categories.
Reflecting therising proportion of hourssupplied by workers

with higher marginal products, labor quality improvement (also
called the labor composition effect) raises average |abor
productivity growth in proportion to labor’s share. The third
term is multifactor productivity growth, which increases labor
productivity growth on apoint-for-point basis. Long-term labor
productivity growth arises from three sources. multifactor
productivity growth, the contribution of increased capital
intensity, and the contribution of shiftsin labor composition.

As shown in equation (4), labor productivity (output per
hour) can differ from multifactor productivity (output per unit
of combined capital and labor inputs) if capital deepening
occurs or if labor quality improves.

The results associated with equations (3) and (4) provide
two different, but related, perspectives on the sources of
growth: the latter decomposes the sources of labor
productivity growth and the former identifies the sources of
economic growth of real GNP.

Sourcesof labor productivity growth.  The contribution of
capital intensity to labor productivity growth equals the
growth inthe capital-hoursratio multiplied by capital’ sshare
of nominal value-added. The contribution of labor
composition equals the difference between the growth rates
of labor input and of hoursworked multiplied by labor’ sshare
of nominal value-added. Historically, capital’ s share hasbeen
slightly more than one-third of nominal value-added in the
business sector.

Table 4 indicates that from 1981 to 2000, Canada’s labor
productivity grew at anannual rateof 1.4 percentinthebusiness
sector. Of the 1.4 percent growth inlabor productivity, 0.2 percent
can be attributed to increases in multifactor productivity, 0.6
percent to the contribution of capital intensity, and 0.5 percent
to changes in labor composition. Table 4 displays a moderate
labor productivity increase during the 1980s and early 1990s,
and an accel eration of labor productivity growthinthelate 1990s.
This acceleration reflects the remarkable pickup in multifactor
productivity growth in recent years.

During the 1988-95 period, multifactor productivity
decreased —0.3 percent per year in the business sector. At the
sametime, theaverage annual contribution of capital intensity
to labor productivity growth increased to 0.9 percent, and

IEL[SX‘M Annual average percentage point contribution to labor productivity, Canadian business sector, 1981-2000

Item

1981-2000 1981-88 1988-95 1995-2000

Labor productivity growth (annual average growth rate) .............ccocevvvvinninnennes
Capital dEEPENING ......iviiiiiiie e
Information and communication technology .............cccocviiiiiiiiiiiiiiicineinnns
Other machinery and eqUIPMENt .........coiiiiiiiiie e
SHUCKUIES .ottt aes

Labor QUANILY .....eeeeee e

Multifactor ProdUCHIVILY ...........iiuieiiiii e

S SN NNC IS
MO RR oW
wWowk hoN
OSCwhkRkrARN

=
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|abor composition made a 0.6-percentage point contribution.
Labor productivity, therefore, increased 1.2 percent per year
from 1988 to 1995. ICT capital began to play an increasingly
important role during this period, contributing 0.4 percent
per year, or more than two-fifths of the contribution of capital
deepening to labor productivity growth.

During 1995-2000, labor productivity grew 1.7 percent per
year inthe business sector, 0.5 percentage pointsfaster than
during the 1988-95 period. This acceleration is attributed
entirely to the remarkable resurgence of multifactor
productivity growth, which increased by more than one
percentage point. Continuing the trend in substitution of
ICT for other forms of capital, ICT capital accounted for the
whol e contribution of capital deepening tolabor productivity
growth. Growthinlabor quality slowed relativeto the growth
in hoursin the 1995-2000 period.

Sources of economic growth.  Using the framework
previously explained, we combinethe capital and labor inputs
with output datato estimate the components of equation (3)
to quantify the sources of economic growth in output from
1981-2000. In addition to the standard contribution of
aggregate capital services, the analysis also examines the
contribution of each broad asset class to total growth.

Table 5 illustrates in the second column, for the period
1981-88, that output grew at 3.3 percent per year, of which
aggregate capital servicescontributed 1.4 percent, labor input
1.7 percent, and multifactor productivity 0.2 percent. The 1.4
percent capital contributionisfrom thegrowth rate of capital
services multiplied by the share S<; and may also be
decomposed into an 0.8-percent contribution of capital
accumulation and 0.6 percent of quality change. Similarly,
the 1.7-percent labor input contribution can be decomposed
into a 1.2-percent contribution from increased hours worked
and a 0.5-percent contribution from quality change due to
substitution toward more highly educated workers.

For 1995-2000, output grew 4.9 percent per year, capital
services contributed 1.7 percentage points, labor input

contributed 2.2 percentage points, and multifactor productivity
contributed 1.0 percentage points.

As reported earlier, there has been an increase in the
contribution of capital services during 1995-2000 as the
growth contributionincreasedto 1.7 percent from 1.4 percent
per year over the 1981-88 period. ICTshows the largest
increase in the contribution of capital services between the
two periods, nearly doubling from 0.4 percent to 0.7 percent.
In addition, the most recent estimates show an increase in
the growth of multifactor productivity that is more than any
rate since 1981.

Multifactor productivity growth. Canada’'s multifactor
productivity grew at an average 0.2-percent per year,
compared with 0.9 percent per year for the United States
during 198199, the most recent period for which U.S.
multifactor productivity estimatesare available. (Seetable6.)
This productivity gap between the two countries is largely
attributable to Canada’s relatively modest multifactor
productivity performance from 1981 to 1995. The lack of
multifactor productivity gainin Canadafrom 1981to 1995 (0.0
percent, compared with 0.7 percent in the United States)
reflects a 2.4-percent increase in output (3.3 percent in the
United States) and a 2.4-percent increase in combined inputs
of capital and labor (2.5 percent in the United States).

Inthelate 1990s, output grew at an average annual rate of
4.8 percent in Canada (4.9 percent for the United States), a
3.2-percentage point increase relative to the early 1990s (2.7
percentage points for the United States). Multifactor
productivity growth makes an important recovery to 1.0
percent in Canada (1.3 percent for the United States aswell),
while capital services' contribution to growth recovered to
1.7 percent in Canada (1.8 percent in the United States), and
labor’s contribution rebounded to 2.1 percent points (1.8
percent for the United States).

Multifactor productivity growthisthe source of 21 percent
of output growthin Canada (27 percent in the United States),
up from 6.1 percent in the 1981-88 period (26 percent for the

I J[SYeMl Sources of economic growth, Canadian business sector, 1981-2000
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LNl Sources of economic growth, Canada and U.S. business sectors, 1981-99
Canada u.S. Canada u.S. Canada u.S. Canada u.S.
Source
1981-99 1981-88 1988-95 1995-99
Output (annual average growth rate) .............coeeevvininns 2.9 3.6 3.3 3.9 1.5 2.2 4.8 4.9
Contribution of labor Input .................... 1.4 1.5 1.7 1.6 .8 9 2.1 1.8
Contribution of capital services 1.3 1.2 1.4 1.3 1.0 8 1.7 1.8
Contribution of information and commun
technology 5 .5 4 4 4 .3 7 1.1
Contribution of other machinery and equipment 3 .3 4 4 .2 .2 .5 4
Contribution of structures ....................ccoeeeee, 5 4 .6 4 4 .2 .6 4
Multifactor productivity (annual average growth rate) ..... 2 .9 .2 1.0 -.3 .5 1.0 1.3
Note: Numbers may not add due to rounding.

United States). The acceleration in multifactor productivity
growth in Canada and the United Statesis perhaps the most
remarkable feature of the data. Its acceleration in Canada
from—0.3 percent per year to 1.0 percent per year (0.5 percent
to 1.3 percent in the United States) between 1988-95 and
1995-99 suggests considerabl eimprovementsin technol ogy
and increases in the efficiency of production. While the
resurgence in multifactor productivity growth in the post-
1995 period has yet to surpass the pre-1973 performance,
more rapid multifactor productivity growth occurred in the
last part of the 1990s.

Conclusion

In both Canada and the United States, the growth in output
in the post-1995 period has been substantially abovethat in
the earlier part of the decade and of the previous decade. In
addition, after almost two decades of lackluster performance,
the productivity statistics, beginning in 1995, have begun to
revea the impact of increasing capital formation in ICT
technologies. ProgressinICT isdriving down relative prices
of computers, software, and communication equipment and
inducing firms to invest in these assets (16.2-percent per
year growth on average during the 1981-2000 period).

The article also examines the pattern of growth in capital
servicesin terms of both quantity and quality components.
It distinguishes between capital quantity growth due to

NOTES

investment, and capital quality growth due to substitution
between different types of capital assets. Much of the
recent investment boom has been associated with
substitution across assets as the relative price of high-
tech assets steadily fell. Capital quality grew in Canada
over the 1981-2000 period at 1.2 percent per year on
average, of which 75 percent was due to changes within
asset classes.

For Canada, in terms of the sources of the 3.3-percent
annual average growth over the 1981-88 period, capital input
contributed 1.4 percent per year (0.6 percent for quality and
0.8 percent for capital quantity) and labor input contributed
1.7 percent per year (1.2 percent for hoursand 0.5 percent for
labor quality). This is somewhat similar to the 1995-2000
period, when capital input, at 1.7 percent, contributed |ess
than labor input, at 2.2 percent per year to output growth.

In both Canada and the United States, ICT isthelargest
contributor to growth within capital services, during the
late 1990s, followed closely by structures in Canada. But
the contribution of ICT in Canadais|ower than that in the
United States.

What iseven more remarkabl e about the post-1995 period,
compared with the previous periods, is the recovery in the
multifactor productivity performance, posted at 1.0 percent
per year in Canada and 1.3 percent in the United States
(compared with 0.2 percent in Canadaand 1.0 percent in the
United States, for the 198188 period). O
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