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ABSTRACT™

N

D

The conventional approach in the theory and econfmetrics of investment

is the partition of gross capital investment in two components: expansion
(or net) investment and replacement investment. This th851s examines the

latter component. A critical assessment of the literature ang the-

Fmpirlcal evidence reveal that the prevailing vieuw.of replacement known as
the "proportignal replacement hypothesis" is incorrectly specified and

unsatisfactory.
\
B

This thesis examines a variety of data brought together under the same
focus for the first time and comes up with two importamt findings. First,
firms maintain the operating capacity of their equipment not by replacing
the whole of the machine but by replacing worn out or defective parts. Ther
cost of new parts along with that of labour and materials incurred in
restoring the operating efficiency of machines are known as "“repair
expenditures". Data on these expenditures hzve been collected by
Statistics Canada in its investment survey since 1847. Although in effect
replacement expenditures, these data are not capitalized by firms and hence
do not appear in our conventiorial investment statistics. Although they
account for a significant .proportion of capital expenditures they are
completely ignored in the theory and econometrics of replacement. Second,
expansion and maintenance of production capacity are not the only purposes
for which firms invest funds. They also invest for a variety of other
purdoses, such as modernization, upgrading, retooling, revamping and
pollution abatement, . for example. These activities lower unit costs of
production and enhance the profitability of the firm by initiating or

responding-to changes in the structure of demand, technology, the prices of

factor imputs or the market structure. Such capital expenditures entail
changes in capital-output and capital-input specificity. As the real world
is characterized by capital and output heterogeneity, structural change
therefore implies structural investment.

/'l(

Important policy implications arise from 'the above findings. Tax
incentives may be more effectively utilized when targeted toward firms
undertaking structural investment rather than either expansion or

replacement. Since repair expenditures are not included in standard
investment Statiscics, the level of investment spending is significantly
higher than  conventionally thought. Also our capital stock data,

particularly net capital flgures, may be more deficient than previously
presumed,
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1
Aussi bien dans la théorie économique que #ans la pratique 6conométri£
que, 1'approche conventionnelle consiste a diviser l’lnvestlssement brut en
capital en deux composantes: 1'investissement & des fins d'expan51on et
1'investissement a des fins de remplacement. Le propos de cette these est;
d'étudier en détail ce dernier type d'investissement. La théorie actuelle
du remplacement, tonnue sous le nom de "l'hypothése du remplacement
proportionnel" ne résiste pas, 4 1'évaluation critique de la littérature.
économique et des preuves empiriques. .

_Cette these &tudie un ensemble de donnfes rtéunies ici sous un méme
angle, pour la premiere fois. Deux résultats importants sont mis a jour.
Le premier est que les entreprises parviennent a maintenir la ‘capacitg de’
production de leurs équipements, non pas en remplagant chaque machine en
entier, mais plutdt en remplagant les pieces usées ou défectueuses. Les
colts des nouvelles piesces ainsi que les dépenses en main-d'oeuvre et en
matériel nécessitées par leur installation, sont communément placcs sous la
rubrigue des !"dépenses de reparatlon" Statistique Canada rassemble depuis
1947, les, données relatives a ces depenses._ Elles n'appairaissent pas dans
les statistiques conventionnelles relatives aux investissements,’ bien
qu'elles constituent des colits de remplacement d'équipements. En outre,
bien qu'elles représentent un pourcentage igportant des dépenses en immobi-

sations, elles sont, totalement ignorées par\ la théorie économique et par
pratique Aconométrique du remplacement. ~Le second résultat de cette
etude est de démontrkr que les dépefises visant a l'expansion ou au maintien
de la capacité de oduction ne sont pas les seule$ possibles. Les entre-
prises investisgent pour une multitude d'autres raisons, telles la moderni-
sation, l'amélioration, la modification des équipements, la dépollution de
1'environnement et l'amélioration des conditions du milieu de travail. Il
résulte de ces investissements une diminution des colits unitaires de
production et un acroissement de la rentabilité de 1'entreprise. Les
entreprises répondent ainsi a certains , changements structurels de la
demande, de la technolog&e, des calits des facteurs de production ou de la
structure des marchés. Parfois, elles sont a l'origine destels changements.
Par ailleurs, ces investissements en capital modifient les rapports
spécifiques qui existent entresle capital et les produits ainsi gqu'entre le
capital et les facteurs de production. Le monde réel Atant caracterls= par
1'hétérogénéité des capitaux et des produits, fout changefent structurel
implique un investissement structurel.

I1 résulte de ces recherches d'importantes 1mplxcat10n= quant _a la
politique économique. Les encouragements fiscaux peuvent. &tre utilisés plus
efficacement, quand 1ils visent des compagnies qui entrepremnent des
investissements de structure plutt que d'expansion ou d€ remplacement,
Etant donné que les dépenses de remplacement ne sont pas incluses dans les
statistiques relatives aux investissements, le niveau des investissements
est bien plus élevé qu'on ne le pense.

%
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CHAPTER ONE
INTRODUCTION




A .
The conventional theory and econometrics of investment partition gross
\
fixed capital formation intae two components: expansion (or net) investment

and replagement investment. , Expansion investment is induced endogenously
by changes in ecanomic’ variabfes such as permanent changes in the level of
real output (the acceleratom¥ principle) or’ changes in (ghe prices of the
output or inmputs, such as waqggs, the rental cost of capital, interest rates
and tax factors (the enhafced neoclassical theory of optimal capital
accumulation). The bulk of theoretical §nd econometric work on investment

4
has been devoted to this component of gross invg;tment.

‘The nature and determinants of replacement investment, however, have .

received far less attention. The conventional approach, as found widely in
mainstream textbooks of economics, i the view that replacement inveitment
is intended purely to mainéain lthe operating capacity of‘ capitgl stock
intact in the face of depreciation, defined ;; the decline in the asset';
efficiency to supply capital services, the result of wear and tear in the
course of production. Jorgenson (1965, 1974) has enunciated the view that
the rate— of replacement investment is an exogenously given constant and
‘proportional to soﬁe measure of the economy's capital stock, and therefore
equal to the rate of depreciation. ’

‘ This view, known as the "proportional replacement hypothesis" (PRH)
came under heavy attack almost as soon as\;a was proposed. Feldstein and
Foot (1971), Feldstein (1974), Feldstein and Rothschild (1974), Eisner
(1972, 18v8), Nickell (1975, 1978), Helliwel} (1976) and Rowley and Trivedi

(1975) have all objected to this myopic and mechanistic treatment of

— 1N

-
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replacement. Besides, Jorgenson uwho advanced this view has completely

ignored previous and important work in this area, principally by Einarsen

= (1938 a,b; 1948),\§ain (1939), Terborgh (13948, 1954) and Dean {1951), all

of whom emphasizéd the importance of economic variables and dynamic

con;idéf;tions found widely in practice. For example, they all stress the

role of fechniqal change and obsolescence as imposing a 1limit to the

¢ economic service life of an asset, well before physical wear and tear set

in. All of them view replacement as a variable whose value is determined

endogenously by the firm and subject to the influence of other economic
factors.

Our approach to replacement has ngt merely consisted of re-shuffling
the existing evidence. - We have brought together additional data in order
to enlarge our insight on the subject. Examination of the quantitativg and
qualitative information has enabled us to inductively reconstruct an
alternative persp - on replacement, one that sheds more 1light on the
subject and allaws us td)escape the myopic confines of the conventional
approach. 0Our findi Te significant and open the door to new paths of
productive research. - * .

- Our first finding is that replacement occurs in a different way than
had been assumed‘ﬁntil now. Firms rarely replace the whole of a machine by

an exact replica of the old machine. Why should they do so when a machine

is only a composite of parts which wear out at. different rates, and when

maching4 parts are interchangeable? We found that in practice, firms
replace worn or damaged parts by new or rebuilt'parts. The cost of the

( . . parts plus that of the materials and labour incurred in the restoration of




the machine, however, are not capitalized for accounting purposes as we
T4

would have expected for replacement. Instead, firms charge the cost of

parts and labour on their operating accounts.” The result is that in

reality the bulk of replacements occur at the sub-machine level, and by not

being recorded in capital accounts, they are omitted entirely from our
official statistics on capital investment expenditur;s. The significance
of this finding is staggering, since non-capitalized replacement
expenditures account for as much as 50% of capital expenditures in the
Canadian manufacturing sector in '1984, for example! The implications of
this omission are wide-ranging. First, the magnitdde of investmen%
activit; has been considerably understated in our official accounts.
Second, the level of capital stock may in‘ fact be higher than so far
preéumed. Third, we have nothing to account for the "qﬁher half" of gross
capital investment! ~

It is interesting that Statistics Canada, following a pragmatic
approach has, in fact, collected data on these expenditures continuously

k]

since 1947 in its Private and Public Investment Survey. They are called

"repair expenditures" and dre defingd as expenditures incurred "to maintain
the operating efficiency of the existing stock of durabl;\EEysigal assets",
which is the same sense in which Jorgenson kas defined replacement.” These
repa;r expenditures are added alongside capital Expenditures in order to
derive a broader measure of "total" inuestment activity in Canada.

Su far, economists have been unable to find direct measurable data on
replacemznt. Their approach has consisted of imputing fep%acemént
estimates from gross ©capital investment Figure; using theoretical

3

A




assumptions. At last we have before us a body of directly measured data

~

which can be used Qy economic investigators in -the theory and econometrics
of replacement.

Our second finding concerns the "other @ half" of gfoss capital
investment. ‘If replacement expenditures are not capitalized and only a
portion of capital investment is devoted to expansig:, what purpose do the
test of the capital expenditures serve? For years firms have indicated in
surveys of capital spending that only a fraction of their capital
expenditures are committed for expansion. In 1985, for example, U.S.

manufécturing firms responding to the McGraw-Hill survey reported that only

Y

27% of,ihe $153.1 billion spent on fixed capital investment projects was
devafsd to expansion. Canadian manufacturing firms responding to the DRIE
survey reported that only gé% of capital spending was devoted to expansion
that year. Clearly, if replacement expenditures are not capitalized, what
purpose do the remainder of these capital expenditures serve?

Expansion and maintenance of production capacity are not the only

purposes for which firms invest funds. Firms imvest for a variety of other
&
purposes, principally to reduce unit costs of production and enhance

profitability in the context of an ever changing economic enviromment. We

must accept that in the real world our economy undergoes continual change,

not only iqgthe values of the endogenous va;iables but also in the values

of the exogenous variables themselves. For example, technological change

and innovation (both product and process innovations) are an on-going
¢

feature of economic reality which we cannot afford to ignore. In addition,

one observes change in the structure of consumer tastes and preferences and
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the composition of finmal demand, change in the prices of factor inputs,
change in the structure of markets and industry competition as well a;
change'in the regulatory and institutional envirormment (pollution abaiement
and océupational health and safety standards). Seeking to maintain their
profitability and secure their long-term viability, firms both initiate and
respond to this change. This structural transformation is an important
aspect of the economic environment of firms, Omitting it from our analysis
leaves out many of the explanatory variables which are necessary to
understand the process of capital investment.

Economic teality, unlike the standard assumptions employed in the

}
theory and econometrics of investments, is not characterized by capital and

output homogeneity. UWe must also accept that capital and output are

generic concepts defining heterogenecus entities. The vast majority of

capital goods are built to perform specific functions in production, a
notion which we call functional specificity of capital. O0Oifferent types of
products require different types of capital goods in their production, a
notion which we call capital-output specificity. It follows that change in
the composition of demand necessitates change in the composition of capital
stock, and this in turn implies fixed capital investment. Thus some
investment activity differs considerably from expansion investment in that

it is the outcome of the change in the composition or structure of demand

(total demand femaining constant) rather than the change in the level of
total demand for output. Moreover, capital-cutput and capital-input
specificiiies are changed, whereas they remain constant “ln expansion

investgent. The flow of fixed capital investment that accompanies these

[ 18




changes should therefore )Be differgntiated from the traditional

categorizations of expansion ard re ement investment. We propose a new

term, that of structural investment.

In practice, one finds many examples of such structural invettment
expenditures. They appear under a var%Fty of labels such as
"modernization", "upgrading", "automation", "refitting", "retooling" and
"revamping". Conversion of an old newspaper mill into a fine paper mill,
refitting a car assembly plant with robots,.upgrading an oil refinery to
produce a different mix of refined products, retooling a :ér assembly plant
to produce a different car model ‘9nd investing in the reduction of air,
water and noise pollution are just a few examples. Here the purpose of the
capital inuestment'program is to restructure production. -

That this is common in the real world of econgpics, no industry

-

practitioner or close observer disputes. Trade and business journals and
the press are full of accounts of such acfiuity. The problem is that the
mainstreamuofggﬁe economic profession has yet to acknomledge_the hature and
significance of it. Textbooks continue to portray the capital investment
process in terms of expansion and replacement halfs, By igno;ing the
equally important issues regardiné the structure of capital and outbut and
their functional specificity, we have neglected to learn about the role
that'stfuctural change exe;ts on investment as well as the role that
capital invei:Zfﬁt plays in conditioniné efonomic change and adaptation.

One of the crucial issues faciﬁg corporate executives and economic

policy makers today is how to profitably maintain production in a mature

industrial econdmy characterized by slow growth and intense . international
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competition. How well we understand this process of chan&e and the
potential that structural investment holds as a strategy for %ndustrial
renewal and economic adaptation‘may determine how well we fare in our
transition to a post-industrial society.‘

In this thesis we start our analysis Dy critically reviewing the
existing literature on replacement. Chapter 2 examines two theories which
treat replacement as a variable mechanistically determined by exogenous
factors. They are Einarsen's (1938) hypothesis of generated reinvestment
cyclés, including the so-called "eébo effect", and Jorgenson's (1965, 1974)
M"proportional replacement hypothesis". In Chapter 3‘ we éxamine bther
hypotheses which have been proposed to explain replacement. These theoniés
share in varying degrees the underlying view that replacement is an
ecqnomi; decision - and conditioned by economic forces. Present throughout
this literature is the=ﬁistinption between "like-for-like replacement", the

&

static or narrow definition of replacement, and "obsolescence replacement"
or "re-investmené", the dynamic or b;oad .definition, Mﬁlthough the same
term has been used for both it is apparent.thé% "replacement" in the broad
sense has little in common with the more conventional définition of
replacement in the "like-for-like" sense.

In Chapter 4 ana its Appendix,.im bring under the same Focus‘a variety
of data that provides us with a unigque perspective on‘ the nature of
replacement. We report data which indicate tha& firms do not replace a
machine by another machine of the same'kind; that a machine is in fact a

compgsite of parts which wear out at different rates; and that in practice,

LN
firms replace parts of the machines and by continuously replacing these

g
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parts they maintain the physical capacity of the machimes intact forever.
Wle examine the pattern of these '"repair expenditures" and we add them to
capital expenditures: in order to obtain a more accurate picture of
investment activity in Canada. We also examine data on the composition of
capital in Canada, the assumptfons underlying the conscruction of capital
stock estimates and their weaknesses, and the purposes for which firms
invest.

In Chapter 5, we explain the nature and determinants of all thase
expenditures which are devoted neither for replacement nor for expansion
purposes. We introduce the notion of functional specificity of capital and
capital-input and capital-output specificity and examine Cajadian data
which suppbrts our assertion that output and capital are in fact
heterogemeous and undergo structural changé through time. The carriers of
this change are the cqncepts éf the product-life-cycle (PLC) and S-shaped
secwlar industry growth patterns, which contribute to the economic
transformation taking place. We Finafthat structural change in our economy

N

is the rule.rather than the exception and that such change is both a
detkrminant and‘a consquence of capital investment spending. )

In Chapter 6, we sUmmarize our findings and briefly discuss their
policy implications. The foremost implication fo; public policy is that
there is much that the govermment can do to assist the econamy 's adaptation
to changing economic realities'by targeting fiscal incentives towards firms

undertaking restructuring of their capital. The foremost implication for

G
business policy is that structural invesPment is a potent strateqy for

_attaining competitiveness and enhancing profitability.



CHAPTER TWO

MECHANISTIC VIEWS OF
REPLACEMENT INVESTMENT:
A CRITICAL REVIEW OF

- THE LITERATURE
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7. Intr@n\

uction wunits rely in wvarying degrees on man-made aids to

production such as tools, machinery and equipment, engineering struectures
and buildings, tolproduce the goods and services we consume. 366610apital
goods do not have an infinite lifespan. Their wuseful life in production
can be maintainea and extended through maintenance and'periodic repair and
overhaul intervéntions but changes in technology, consumer tastes and
etitive interactions ETQ?E_FirmS will render them economically obsolete
finite spans of time. Firms are faced with the on-going problem of
replacAing older by newer capital goods so as to maintain productive
capécity, minimize costs of production and meet competition.

Replacement investment is not a trivial issue. At least half of all
business fixed capital investment may be degoted to replacement. Relative
to its guantitative import%nce however, replacement investmen£ has received

"

a disproporticnately small share of the attention it deserves. This may

v

be due to the scarcity of data on -actual amounts that firms spend for,

replacement1. On the other hand, the emphasis on expansion investment

! Data arg reported only for gross .capital investment expenditures,
which include replacement and expansion investment. Conceptually the
distinction between replacement and expansion investment is easy to make,
but, in practice, differentiating between the two types of expenditure is
more difficult. In an enviromment of continual technological progress,
older capital goods are replaced by more efficient and productive pewer
capital goods. Often, this type of replacement entails an expansion in the
productive capacity of the firm as well. How to allocate the expenditure .
between expansion and replacement is an important problem. Another problem
is that, often, expansion is accompanied with a change in product line.
Here the introduction of a new product supersedes and replaces an older
product and the firm may consider the expenditure as expansion _-rather than
r2placement. ' [i::j/



may reflect the economic profession's preoccupation with issues of economic
growth,. Today, with growth rates well below those of the 1960s and w;th'a
more mature and aged industrial structure, issues of replgcem;nt and’
modernization investment have acquired greater‘importancez. .

\\\\ The purpose of this chapter is to take stock of where we stand in our

condition the replacement investment process. Previous work on replacement
, investment has so far been dominated by the view that replacement
investment 1is more or less a m;;hanistic process that is primarily
conditioned by technological parameters. For example, Jorgenson (1965,
1974) showed that under certain specified conditions replacement investment.
becomes a constant proportion of the economy's capital stock. This result
permitfed him to provide a unifying and comprehensive theoretical %ramework
for the treatment of both expansion and replacement investment in the
context of the neoplassical theory of optimal capital accumulation. Since
na alternative integrated ;kormulation of the invesfment process--both
expansion and replacement--that lends itself to easy‘empirical applicatiohs
hseeﬁg to exist, qugenson's view of the replacement process: has eominated
1 theoretical and empi;ical work in this Erea.

BAn alternative view of , the réplacement ' process, however with

antecedents to Marx (1893), Rabertson (1915) and Schonbeyder (1927), is

elaborated by Einarsen (1938a,b; 1946). In a comprehensive =mpirical study

“ Witness, for example, increased references to "industrial renewal®,

"de-incustrialization", "new industrial policy", "industrial
transformation" which have dominatéd headlines in major finmancial and
'L'»x economic periodicals as well as government policy in Capada.

formal understanding of the processes ‘and interrelationships which_

Ve




of the Norwegian shipping industry, Einarsen found a recurrent reinvestment
cycle wher;by Norwegian shipowners concentrated &heir replacements every 19
yéars. Zt such inéervals there was a sufbe in replacements followed by
long periods’'of low activity. At that time economistg were .not preoccupied

with growth but raﬁ?er with the business cycle. Among the hypotheses

.propoéed to explain the periodic ups and dowrs in the level of economic
activiLy was that of a "pure" reinvestment cyc%e, whereby firms under pure
* technical necessity o replace their worn-out and depreciatéd maéﬁinery and
equipment would periodically generate a boom in investment activity. Once
initia&sﬁ, an investment boom was E@pable, on its own, of generating re-
investment cycles of replacement investment peridéically over time.
Replacement was an outcome of technical necessity but it did not tend
tomafds some constant value for proporticnality over time but rather

exhibited periodic surges, the so-called "echo effect".
The view that reinvestment cycles were alone responsible for the
business cycle were challenged early on by Tugan-Baranowsky (1901),

Q
Spiethoff (1902), Aftalion (1908), J.M. Clark (1923) and, Akerman (18928).

According to these investigators the reinvestment cycle was the conseguence,

rather than the cause of business cycles and thus replacement investment

was conditioned by economic factors rather than mechanistic ones. The most

complete enunciation of the view that replacement investmqpt ‘was
conditioned by economic factors was given by Bain (19339). He anticipated

many of the arguments later advanced by Feldstein and his associates to

H
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account for fluctuations in the level of replacement investmemtS.

Recent years have seen a meakenipg of support for Jorgenson's
mechanistic-proportionality view of replacement. Eisner (1968, 1972),
Feldstein and Foot (1971), Feldstein and Rothschild (1974), Nickell (1975S),
Bitros and Kelejian (1974), Cowing and Smith (1977), Lioukas (1980, 1982)
and others producea theoretical arguments and empirical evidence which
s;ggest that replacement investment is variable and sensitive to, among
other factors, liquidity of t%e firm, the state of the business cycle, .

!
level of expansion jnvestment, capacity utilization and replacement

N
backlogs. Unfortunately, although increasing evidence has been
accumulating with respect to the: role of such economic factors in
conditioning the level of replacements in the short-run, no comprehensive
and unifying theory of replacement investment has yet emerged fromsthis
source.

Wider views of the replacement process which complement rather than

compete with the views stated above are advanced by Terbo (1949, 1954)
and Dean (1951). According to Terborgh, capital goods are | not necessarily
scrapped and replaced by newer ones but rather displaced to a lower
function, e.g., a standby or ancillary function, a process \he calls
"functional degrad?tion". Replacement in this view is not equated with

retirement (or scrapping) of old assets. Existing assets are merely

‘Te-assigned functions or re-deployed to other areas while making room for

[

the utilization of newer assets. Dean (1951) distiﬁguishes %Qong different

3 It Lé‘ unfortunate that neither Jorgenson nor Feldstein and their
associates refer to Bain's work in this area.
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types of investment such as expansion, replacement, product and strategic

investments. In particular, he differentiates between aggressive

investments and defensive ones. He does not view firms merely as passive

.agents replacirg equipment periodically whenever economic conditions are

propitious. Instead he considers strategic aspects that arise from dynamic

-

“interactions among firms in an industry. For example, firms often feel

compelled to replace or to modernize their equipment befare they would have

otherwisé dome, because other firms in the industry have introduced more
advanced, productive machinery. These he calls defensive replacement
investments. ‘On the other hand, the firm may undertake to replace its
equipment sooner by more modern equipment in order to forestall
developments by its competitors and enhance its position’in the industry
(agggessive invé%tments).‘ Both Terborgh and Dean introduce dynamic
elements--widely found in practice--but which have not been captured in any
of our formal models of replacement investment. It is intgresting to note
that, at 1last, concepts such as "strategic entry-deterance™ are generating
much interest in tpe newer literature on industrial organization. Theae
non-mechanistic views of the replacement procéss are presented in Chapter‘3
below.

A considerable body of the literature on replacement is also devoted
to tHen issue Pof optimal replacement, Here the focus is on developing
guidelines or decision rules for the optimal timing of the replacement by

firms. Important in its own right, this issue is an applied matter but

falls primarily outside the scope of our present investigation. Howgver, a

-brief mention is in order. The treatment of optimaXl replacement began with
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Taylor (1923), Hotelling (1925) and continued later with Preinreich (1938,
1939, 1940). According to Taylor (1923), optimization of the replacement
requires the minimizatign of the machine's unit cost including interest.

Thus optimal timing occurs when the wunit cost plus interest “of the old

machine exceeds the minimum cost plus interest of the new addition.

Hotelling (1925) on the other hand, argued that optimization requires the
maximization of the value of output minus the operating costs of the
machine. Clearly, these two formulations are equivalent in a static
economy but may differ in dynamic contexts. Preinreich (1938, 1939, 1940)

took a longer view. He introduced the concept of the infinite chain of

. revenues and costs for the new and old machines and suggested the

maximization of the present value of the firm's future net profits. His

formulation was thus more suitable for amalysis in a steadily growing .

hypothetical economy than those of his predecessors. Assimilation of ‘these
three perspectives resulied in rather abstract and $athematical exercises
which ~ignored obsolescence and required the firm to have more, precise
information than was realistic. They were later extended by Dean (1951),
Terborgh (1949, 1954), Jorgenson, McCall and Radner (1967), Vorlander and
Raymond (1932), Wicksell (1934), Moonitz (1943), Alchian (1952) and Smith

1

(1961)%,

For a more extensive review of early contributions to this
literature see Grosse and Berman (18957). .

T




2. Replacement (Reinvestment) Cycles: The "Echo Effect”

In many ways, Einarsen (1938a,b3;1946) was the first economist to
explicitly and systematically examine @replacement investment. His purpose
was to assess an hypothesis that had been advanced earlier by Marx (1893),
Bobertéon (1915), Schonheyder (1927) and others, uwhereby replacement
investment cycles were primarily responsible for the periodic upé and downs
in the level of business activity (that 1is, for the business cycle).
Einarsen refined and elaborated the hypothesis. According to him, bunching
of investment expenditures in previous periods result in bunching of their
replacements in subsequent periods, so the length of the lagged aijustment
is equal to the average lifetime of assets composing the capital stock.
For example, if machines last ten years on average and there has been an
investment boom five years aqo, then five years from now there will be a
surge in’ the 1level of replacement investments. Rll other variables
remaining Cénstant, the same surge in replgcement spending will re-occur in

every subsequent ten year period. These periodic surges in the level of
) %

replacement expenditures he calls pure or generating reinvestment cycles

with corresponding "echa effects". Figure 2-1 illustrates the reinvestment
cycles, wHere N is the average lifetime. Assuming a steady state situati;n
whereby gross investment equals replacement investment and capital stock
remains constant through time, a one-time increase in expansion investment

(EI) will cause a cbntempbraneous one-time increase in the level of capital

stock (K). This will generate a sequence of future surges in replacement

. * (RI) every Nth period, which are known as replacement cycles or the "echo-

¢
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gffect".

The necessary conditions for the existence of reinvestment cycles were
spelled out by Einarsen (1938) and later by Howrey (1365). They are (a) an
uneven concentration of investment activity over time or investment
bunching; (b) a stable length of life for individual assets; (c) a stable
composition of assets in the capital stock; and (d) a constant proportional
replacement of previously acquired assets. To the extent that firms decide

not to replace previously acquired assets this will affect the amplitude of

apital
tock (K)
o .
t Time
Expansion :
Investment :
(ET) f\
0 : =
t Time
Replacement .
Investment : '
Cycles (RI) . f\ /‘\_
0
- t teN t+2N Time
FIGURE 2-1

Generation of Reinvestment Cycles Over Time
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subsequent reinvestment cycles. Rs firms generally replace less of their
assets when they reach the end of their productive lifetime, nthe cycles
will become more and more damped.

To test whether there’ were indeed such cycles, Einarsen (1938a)
undertook a well-controlled empirical study of the Noruwegian shipping
industry, using 'quarterly time-series data far the long period extending
from 1883 to 1932. His results confirmed the existence of the reinuestﬁent
cycle. He found heavy concentrations of ship replacements every 9 years
and 19 years, with the latter being most pronounced. His study of a single
industry provided powerful evidence for the existence of such cycles. He
did not, homeve?, reproduce the same type of study for other industries,
nor did he attembt to correlate it with business cycles. Since conditions
are not Fhe saTe in different industries, any extension of these results to
other industries should bg done with caution. Nonetheless, it is
significant that the periodicity of the cycle remained stable in spite of
the fact that this was a period of radical technological change for the
shipping industry, one that saw the transition from sailing ships to steam

L] N b

ships. \

Another significangl-though overiooked—-empirical result of his study
was his finding that the bulk of the replaced ships were not scrapped by
their owners. Instead they were sold to other owners who continued them in
se;vice. Clearly, at the industry 1level the replacement process 1is not
tied airectly to the retirement process of any individual firm.

"Rather far-reaching consequences arise from the fact that the capital

instruments in many cases do not pass directly from the first owner to
the scrap heap, because there will be no direct connection between the




!
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breaking up of old ships and the construction of new ones. ves

Consequently, we cannot measure the replacement activity by comparing

the magnitude of-new constructions with that of those broken up,

concluding that the difference is replacement. The breaking up does
not cause any direct demand for new constructions and the
constructions do not automatically lead to breaking wp of old ships.”

(Einarsen, 1938a, pp. 49-50).

This phenomenon led him to introduce , the distinction betuween
"replacement", which implies the simultaneous retirement of the replaced
assets and "reinvestment", which implies replacement of an asset without an
accompanying retirement of the old asset. Hence his preference for the
term “reiqvestment cycle" as opposed to "replacement cycle". Eimarsen also
found that shipowners replaced only about half of their clder ships. The
retirement of a ship by an owner (whether sold to another ship-owner,
scrapped or uwrecked) was not followed by a replacement with a newer one
half of the time.

These findings are 'significant for the theory of replacement. They
imply that reinvestment cycles are damped and tend to become less visible
over time. Further, they imply there is no duality between replacement
investment and depreciation (or retirement). Clearly, Einarsen's study

L

indicates that there may be contextual and dynamic considerations imvolved

in the replacement process to which we shall turn later.

\\\
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3. The Neo-Classical Theory of Replacement:
Jorgenson's Proportional Replacement Hypothesis (PRH)
N

Most empirical studies of investment since the early 1960s have been
based on variants of the neoclassical theory of capital accumulation, which
Jorgenson (1963-1974) explored by building on earlier work by Lutz (1951),
Hirschleifer (1958), Haavelmo (1960) and Koyck (1954). According to this
theory, gross investment (GI) cah be partitioned into twoe distinct
components: expansion or net investmé;t (EI) and replacement i;vestment
(RI). Expansion investment is viewed as a lagged adjustment by the firm to
deviations betuween its deéiﬁed and actual stock of capital (K*-K) through
time or to changes in the former. Desired capi%al stock in tﬁfh, is a
fungtion of output and the user cost of capital services. Replécemeﬁt
investment (RI) 4is viewed to respond to an entirely different me:;anism{

It is treated as a constant function of the firm's (and at th2 macro-

a A5 .
economic level, the ecochomy's) stock of capital, lagged one period:

where é is a caonstant and stands for the rate of economic depreciation.

; -
Theltheoretical basis for this treatment 1is provided by Jorgenson (1965;
<

19713 1974) and by Jorgenson and Stephenson (1967). It is summarized in
the proportional replacement hypothesis QPRH).

According to Jorgenson, fixed assets deteriorate at a constant
X

- $
exponential (geometric) rate. The deterioration takes the form of "output
“\

decay" where the physical productivity (effici=ncy) of the machine declinres

»

constantly as a result of wear and tear until at  some point its

Al
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productivity drops to zero. In other words the productivity of the machine
decays like radioactive isotopes. The exponential rate of deterioration of
the firm's capital stock is accompanied by an equivalent_decline in the
monetary value of the machine. Jorgenson assumes no technical change, no
obsolescence, no uncer%ainty, dand neither installation nor adjustment
costs. Since firms must continually maintain intact their productive
capacity, they are seen as constantly replacing the depreciated capacity by
new capgcity. This is accomplished by a continual positive flow of
.replacement investment, which Jorgenson treats as the dual of depreciatidn
(D). By explaining the ratéf of decline in the efficiency (E) éf assets
over time (by say a mortality distribution or output decay) “he can provide
an "economic" explanation of the rate of replacement. Implicit in this
construction is the hypothesis that there is no time lag begyeen the time
the firm's assets decay and their replacement. Thug, if output decay leaés
to an increase in desired (potential) replacement, investment, the gap is
iﬁgediately filled. In other words, while distributed time lags are
present in the firm’;"expansion investment there are evidently no such lags
in its replacement investment. Jorgenson justifies this specification as
being essentially appropriaEF for a "recurrent event".

Based on tﬁﬁs framework, Jorgenson shoiwed that the rate of replacement
investment will approach a constant fraction of capital stock (8) as long
as capital decays or grouws at a constant rate in a probabilistic sense.
This result can hold for constant, growing or declining capital stock and‘
is independent of any particular-age distribution of capital stock.

Crucial to this result is the form of output decay or depreciation.

-
-
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As long as capital depreciates at an exponential rate, replacement
investment will tend to become a constant proportion of capital stock.
However, if capital does not decay at an exponential rate but rather at
some non-exponential rate (such ;s' the "one-hoss-shay" pattern, for
example) then the age structure of the economy's capital stock will matter.
Still as long as (i) the age structure remains unchanged or (ii) gross
investment grows at a constant rate replacement investment will tend to

-

<
become a constant fraction of capital stock.

~

¢

A cursory look at the rate of investment spending in any economy is
sufficients to show that the condition that gross investment and hence
, 5fpital, grows at a constant rate has never been observed. .Feldsteiqifnq
) Rothschild (1974) bhave shown that actual variations in the rate of growth
of investment in the U.S5.A. are sufficient to generate significant cycles
in the rate of replaégment investment. Jorgenson, however, never relied
too much on this condition to prove his point.
_His justification for using the PRH in his own work on investment has
regted on two key grounds. First, that there is no direct evidence of -
changes in the age structure of capital stock. He has made much of the

/ ©
"indirect" evidence fprnished by Meyer amd Kuh (1957) who found no "echo

effects"; implying that the age structure was found to have no impact on

-~

the rate of investments. Second, he suggested most empirical evidence on
X

’ the declipe in the resale value§ of u%?q capital edﬁipment (primarily

‘vehicles and trucks) supports his assumptions that capital gobds depreciate

®
)

> A direct implication of this result is that capital goods follow a
( geometric (exponential) mortality distribution.
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at a geometric (expomential) rate. Both of these supplemenﬁal sources of
evidence need to be clarified. %

Meyer and Kuh (1957, pp. 91-100) as part of their extensive study of
the determinants of investment, testéd Einarsen's hypothesis of
reinvegtment cycles and the associated "echo effect" for 15 2-digit SIC
manufacturing industries in the U,S.A. during the period 1946-1950. They
assumed that bunching of investments and gubsequently oflreplacemeﬁts would
be associated with a vgiiation in the average age of physical assets. The
older the existing capital stock of an indusgfy, thelgreater will be the
corresponding level;,ﬂﬁ?‘tEplacement investment. Imn tHe coftext of both a

profit model and a sales model, they regressed the rate of gross investment

to gross fixed assets as the dependent variable on accumulated depreciation
<

reserves divided by gross fixed assets as the independent variable. Since

there are no _direct data on the age of assets, they assumed that
accumulated depreciation reserves sho;}d adequately reflect the relative
age of assets. .

If indeed there are "echo efFeéts", they reasoned that there should be
a direct, positive relationship between gross investment and age. Again
since ther; are no direct dat® on replacement investmen% itself they
assumed that surges in replacement should show themselves in surges in
overall gross investment. Implicit here is the assumption that expansion
and replacement investment are essentially independent of each other.
Their basic hypothesis was that gross investment is positively related to

the age of equipment.

This hypothesis was réjected because, with the exception of textiles

SN
- fin,
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and machine “tool industries, all other industries showed significant
negative partial correlations between age and gross investment. Meyer and
Kuh (1957) explained their negative cros#tseckional results by invoking the
"senility effect" according to which léss dynamic firms have lower rates of
investmgnt and hence higher average'age of equipment while more dynamic
(and growing) firms which have higher rates of investment will show a lower
average age Qof equipment. These supplemental hypotheses are far from
Jorgenson's mechanistic notiom# ‘ |

Meyer and Kuh were careful to defend their findings against possible
criticism. They were aware that the use of gross investmeﬁ% as the
dependent variable was not the most appropriate, because what fﬁg; were
really testing for is replacement investment. Also, the use of accumJlated
depreciation reserves as a proxf for age may be inadequate and "perhaps the

variance of the age distribution of -a firm's equipment'should have been

included as an additional independent variable." They are also aware that

J

i -

in principle,’ a hetter test woﬁld be based on time-series analysis rather
than CIDSS-SECtiOﬂ?l analysis, which they used. WNonetheless, they conclude
that "echo effect" theories of investment "have. been decisiﬁely rejected by
our statistical findings."

That the amount of replacement investment and the average age of
capital stock are negatively correlated however, holds nc direct
implication for the presence or ab%ence of "echo-effects.” As Nickell
(1978, p. 122), for éxample, clearly de&onstrates, there is no basis for

the belief that "echo effects" - and the age structure of capital stock

should be related in the first place.
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"For example, it may/ be imagined that potential replacement would

increase with the average age of the capital stock on the simple

argument that the older the capital stock, the more needs replacing.
Unfortunately, the existence of {echo effects provides no such

implication and ‘consequently their existence is neither confirmed nor

denied by the ‘discovery that there ig no systematic relationship

‘between the average age of capital stbck and the amount of potential

replacement (or actual replacement for that matter)."

All that Meyer and Kuh's results may indicate is simply the fact that a
positive gross investment program in an industry leads to a shortening of
the average age of the stock of capital. One may ask why Meyer and Kuh
(1957) did not take their own advice and rely on time-series data for
confirmation of the "echo-effect':
"a complete test of the echo effect should be based on time series in
addition to cross-section analysis. It might turn out, for example,
that wﬁ%le different firms within a cross section are habituated to
given ihvestment rates and equipment ages, an increase through time in
the age of a given firm's capital stock would cause an increade in
that firm's investmﬁ?t rates."
We should also note that if net and replacement investment are not
independent, then higher rates of expansion investment may be associated
with lower rates of replacement, and.vice versa. Such &onnections may be,

for example, due to financial, .capacity and adjustment constraints, whereby

firms may be unable to maintain concurrently high rates of both

’

Qe

expansion and replacement investment. In fact, firms may alternate the tﬁﬁ_
types of investment spending which leads to a smoothening over time in
their rate of gross investmert. To the extent this is true, the depénden%
variable (gross investment) employed by them will fail to ‘pick ué

variations in replacement investment.

’

—
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We must conclude from these considerations that Meyer and Kuh (1957)
failed to detect theﬂ absence of the'echo effect." This holds important
~ implications for Jorgenson's view that the replacement investment is a
mechanical constant of cgpital stock. Furthermare, as Rowley and Trivedi
(1975, p. 17) observe (a) Meyer and Kuh's finding of the "senility-:effect" .
is contrary to a mthanistic interpretation of replacement; g@d (b) in
their subséquent work, both Meyer and Kuh have separately treated gross
investment spending as if there is no adequate empirical foundation for
explicitly partitioning them. In this context, one is hard pressed to
understand 3hy Jorgenson has made so “much of Meyer and Kuh's results and

why he has completely ignored the most comprehensive stu%y on "echo

effects", namely that of Einarsen (1938a,b; 1846).

-

4., 'Capital Depreciation Patterns: Discussion of Findings

S

Evidence on used equipment prices is relevant because in+principle, it
reflects the pattern ¢@f deterioration of capital goods. Since data on

actual patterns aof deterioration of capital ~goods--mith the exception of

¥

Winfrey (1935)--are non-existent, the pattern of decline in the price of
capital goods becomes essential in the argument. Jorgenson has justified
his assumption of constant exponential decéy on a number of studies of used

moveable assets namely, those by Griliches (1970) on used farm trucks,
¢ -

Cagan (1971) and Wykoff (1970) on used automobiles and Hall (1971) on used

half-ton pick-up trucks. These studies suggest that aftér the first year,’

~
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prices of used equipment tend to decline at an exponential rate. However,
the pattern of deterioration is not sufficiently exact to allow for a
decisive acteptance of the hypothesis and the data lead to alternative
interpretations. For example, Griliches (1870, p. 198) examining prices of
used farm tractors for the period 1937-1958 concludes that "the data point
to a declining balance depreciation model, with a rate somewhat higher in
the 1930s than in the 15505." Cagan (1971, pp. 225-6) Find§<that

expofential decay provides a "satisfactory approximation" to used ‘car

prices but on the other hand observes that the average rate of depreciation

] tends to change slightly from ore model year to another. Wykoff (1970, pp.
171-72), alsp “for automobiles,  finds that "after the first year~cars do
1 appear to decay exponentially" but he gqoes on to say that "first-year
depreciation is almost twice the rate in succeeding years" and concl&des

/
- that "depreciation rates for automobiles are not exponential”. He states

further, that "“the assumptions economists have been’making in studies of

... capital equipment are very strong, and in some cases probably

sufficiently far from the mark as to render the results questionable." Hall

ik B TR TN T MR
.

(197, pp. 240-7) is more sanguine in examining the prices of Ford and

Chevrolet half-ton pick-up trucks for the period 1961-67 when he employs é

more comprehensive design, taking into account (in addition to age) the
prices of new models and technical change. He concludes that ",,. the

geometric function is probably a reasonable approximation for -many

LY
3

purposes. Certainly, there are no grounds for believimg that any very

- -
serious error bas been committed t{y using a geometric/&rioration N

r-4

%Eﬁ function in calculating égbital stock." ‘
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Feldstein and Rothschild (1974), major critics of the Jorgenson
positian, have examined analytically all the conditions that need to be met
if Jorgenson's hypothesis is to hold at the aqgregate level. They find
that replacement inuestmen£ will be a constant fraction of capital stock if
either A1) all pieces of capital stock deteriorate ,at the same constant
exponential rate or if A2) the entire capital stock (and therefore net and
éroséq%nvestment) grow at a constant exponential rate. To the extent &hat
all pi;ces of cap?tal stock do not deteriorate at the same rate, the PRH
will still hold provided that A1) each machine detériorates at a constant
expéhential rate and A2) the composition of cépital stock by type aof
durability'remains constant, - .
They begin by showing that capital goods in the economy exhibit

different deterioration patterns:

L

"It seems hardly necessary to argue that there are differences in
the deterioration patterns of capital goods. Everyone knows that
computers become obsolescent more auickly than typewriters, that
Volkswagens depreciate less quickly than C@rvairs, - that light
fixtures outlast the lightbulbs in them." (Feldé%éin and Rothschild,
1974, p. 400).

Any engineer or accountant will agree that different types of capital goods
have different lifetimes. Winfrey's (1935) study, the only direct and

comprehensive study of lifetimes and patterns of depreciation of durable

-] .
- fixed assets ever undertaken, analyzed 176 different groups of assets. He

found that assets are characterizec by 18 distinct mortality distributions.

The United States Treasury Department's Bulletin F indicates a wide variety

__of average lives.for different assets. Clearly machines or equipment do

not last as long as the structures and plant in which they are housed.
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Table 2-1 shows the service life assumptions used by Business Economic
—

Analysis (BEA), U.S.A. Department of Commerce, for the estimation of
capital stock. Surely if all types of capital goods depreciated at the
same rate it would not bhave been necessary far the Departpent of the
Treasury and thousandg of business corporation executives and accountants

to devote so much time and resources to establishing such service life

guidelines.

TABLE 2-1 -

e -

. [ . . —-

SERVICE LIFE FIGURES EMPLOYED BY THE U.S.A. DEPARTMENT OF
COMMERCE BUREAU OF ECONOMIC ANALYSIS (BEA) FODR
CALCULATION OF CAPITAL STOCK DATA

Type of Asset . Life
; (Years)

Fixed nonresidential business capital

Furniture and fixtures 15\
Fabricated metal products - 18
Engines and turbines - 21
Tractors ]
Agricultural machinery (except tractors) L : : 17
Constructipn Tachinery (except tractors) 9
Mining and oil field machinery 10
Metal working machinery . ) 16
Special-industry machlnery, n.e.c. : 16
General industrial, including materials handling, equ1pment 14
Office, computing, and accounting machinery . 8
Service-industry, machines v ( 10
Electrical machinery ' 14
Trucks, buses, Bnd truck trailers . g
Autos ) 10
Aircraft . - i . 8
Ships and boats 22

Railroad equipment ' 25




Type of Asset

Life
(Years) .

Instruments

Other equipment

Industrial buildings

Commercial buildings

Religious buildings

Educational buildings

Hospital and institutional buildings

Other nonfarm nonresidential buildings
Railroad structures

Telephone and telegraph structures

Electric light and power structures

Gas structures

Other public utility structures

Farm nonresidential buildings .
Petroleum, gas, and other mineral construction and exploration
All other private nonresidential structures

Residential capital
t-to-4 unit structures
New
Additions arid alterations . .
S5-or-more unit structures
New ,
Additions and alterations
Mobile homes:
Nonhousekeeping
Equipment
Cor@mer durables .
Furniture, including mattresses and bedsprings
Kitchen and other household appliances
China, glassware, .tableware, and utensils
Other durable house furnishings
"Radio and television receivers, records, and musical instruments
Jewelry and watches
Ophtalmic products and orthopedic appliances
Books and maps '
Wheel goods, durable toys, sports equipment, boats, and
pleasure aircraft
Trucks, trgilers,jand recreational vehicles, and parts
and accessories
Autos

g

11

11

27

36

48

48 il
48

3

51

27

30

30

26 '
38

16

3

80
40

65
32
16
40
1"
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Type of Asset Life
N (Years)

Fixed nonresidential government-owned capital

Equipment 15
Industrial buildings . 27
Educational buildings 50
Hospital buildings 50
Other nonresidential buildings ' 50
Highway and streets ' " 60
-Conservation and development structures 50
Sewer structures ) 60
Water structures 50
Other nonresidential structures - + 80

.

] Feldstein and Rothschild (1974) further observe that
patterns are not the same even for the same class of assets.
Griliches (1970), Cagan (1971), Wykoff (1970) and Ramm (1971), all of whom
find variations in the average rate of depreciation of cars--across both
makes of cars and time. For example Wykoff (1970, p. 172) found that U.S. -
models depreciate Faster‘than imports; that small U.S. cars depreciate
faster- than 1large U.S. cars. Clearly, capital goods exhibit different
patterns qf deterioration. If this 1is true, the only way that capital
stock will exhibit exponential decay at the aggregate level and thereforg
lead to a rate of replacement investment.which is a constant fraction of
capital sto;k is when both conditions (A1) and (A2) are met.

A2 requires that the composipion of ;apital stock remains constant.
Unfortunatéiy there are no direct data on the age composition of capital -
stgck. Howeve; the avaiiable proxy data (based on certain assumptions and

undertaken at a conéiderable level of aggregatién) do show changes in the
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age cdhposition of capital stock. The U.S5.A. Department of Commerce (1971,
p. 109) shows that the age distribution of capital stogk has changed
markedly. In 1925, 34.4% of the gross capital stock was less tham 9 years .
old while the comparable figures were 23.1% in 1938, 52.5% in 1958, 50.7%
in 1963 and 54.5% in 1968. In another study, the U.S5.A. Department of
Commerce (1969).shows that the mean age of non-farm gross capital stack
changed from 14,7 years in 1925 to 17.7 in 1845 and to 10.2 in 1968. Table

2-2 summarizes these data for equipment and structures.

TABLE 2-2
MEAN AGE OF U.S5.A. NON-FARM GROSS CAPITAL STOCK
(in years)
Eauipment Structures Equipmént and
. Structures
1925 8.0 17.3 14,7
1835 10.8 191 16.7
1945 | 9.1 21.7 - 17.7
1855 6.5 17.9 12.9
1965 6.7 14.8 10.9
1968 6.2 14.2 10.2

Source: USA Department of Commerce (1969) "Fixed Business
Capital in the USA, 1925-68" Survey of Current
Business, February, pp. 20-27.

-

?

To the extent that the assumptions''underlying these calculations of
mean age distributions are correct they provide indirect proof of a change
in the age composition of capital goods. Changes in the rate of capital

investment also affect the mean age of assets. For example, mean ages rose
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during the 1930s and 1940s when the rate of investment was low and fell
during the 1950s and 1960s when it was high. Although Grosse, Rottenberg
and Wasson (1966, p. 35) seem to _suggest that changes in the age
composition are entirely due to changes in the asset composition of gross
capital stock, we can take a more restrained view-ﬁggf changes in the mean
age of capital stock are due to both the changing rate of capital formation
and the changing composition of capital stock. Decomposing the two effects
is difficult, perhaps impossible. Further evidence that the asset

composition has been changing has been supplied by Aaron, Russek and Singer

(1972a3b). They found that revisions in U.S.A. tax laws (Tax Reform Act of

1969 anf_the Revenue Act of 1971) encouraged equipmenf investment relative
to Linve ment in housing and plant in recent years. Furthermore, the
recent spendihg boom %or computers and automated office-and-data-processing
equipment is definitely affecting the age composition of assets as can be
seen in Johnson (1981) and Schnorbus (1985) for example.

Most studies of second-hand prices show a sharp drop in the value og
assets, reflecting a depreciation rate at least %tuwice as high in the first
year as compared tqllatér years. Jorgenson (1974) dismisses this fact by
grguing that "prices of new equipment are 'list' prices paid by relatively
few purchasers", although it is unclear where this argument leaves measures
of gross investment. What the sharp drop in the resale value of an a§se€
after one year of service may reveal is the apprehension of second-hand
buyers regarding the quality of the asset. As Eisner (19782 for example

points cut, it is in the nature of "moral hazard". If the buyer suspects

that the reason the first owner is getting rid of the asset so soon is

-

) . -
N . o
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because it is a "lemon"--in the context of imperfect information and
Foresight:—ée will demand a premium for the perceived risk he is
_undertaking. If this is true, it suggests that there aré other factors--in
addition fo output decay--which influence deprgciation patterns. Accepting

this, however, undermines the validity of using the pattern of decline of

used equipment prices as a proxy for the pattern of decline in the

efficiency of these assets.

Even if tractors, automobiles and pick-up trucks decay exporentially,
one should not generalize the results for all types of assets in the
economy. To begin with these are standardized moveable assets with well-
organized second-hand markets. What about assets which are‘difficuit to
move or custom-built like.engineering structures, plants and many types of
machinery anM equipment, or other moveable but more specialized assets
which lack organizea second-hand markets? Clearly, installation,
transpéitation"and other types of adjustment costs Qill exercise a
significant impact on the resale price of these assets. It is of no
surprise that the studies which Jorgenson quotes are liqﬁted to vehicles—

only. Generalizing these results to all types of assets in the economy

certainly involves a very heroic assumption.

Feldstein and Rothschild make the wuseful anglytical distinction ™
betwéen "output decay" and "input decay". In the former, the drop in the'
productivity of the machine 1is the result”of a decline in the output that
the machine can give--maintemancé, repair and operating expenses remaining

constant. In other uwords, the capital services rendered by the machine

decline as a result of use. In input decay,the droﬁ in the productivity of

i



. the machine is not the result of a drop in the amount of service it yields.
It is due to an increase in the operating and maintenance expense of -
keeping the machine in proper working order. Depreciation refleEts the
combined effect of output decay and inmput decay. To the ext;nt that the
drop in resale values of assets reflect an exponential depreciation
pattern, it reflects the combined effect of bo%h types of decay. One must
not, as Jorgensen does, attribute all of the decline in value to output ,
decay. Furthermore, Feldstein and Rothschild rightlylpoint out that the <;;
capital services y?élded by a machine also depend on the guality of inputs
(and also quality of maintemance, care, etc.) which ndepend on economic
considerations. Thus, "automobiles last much longer and travel ma&y more
miles in Israel (where labor is relatively cheap and nem. cars are taxed
heavily) than in the United States. Depreciatioq patterns, output decay
patterns, aﬁd, more importantly, the relation betuween the two, depend on
relative prices." - ) -~
Another realistic account of why Phe pattern of decline in the resale
value of an asset may not reflect the pattern ~of decay 1in the asset's
productivity is given by Dean (1951, p. 163). An asset's earning powertis
much more valﬁéble to the owner than is its value based oﬁ‘ market selling
prices, because (a) many assets are custém made or specially designed for o
firm's purposes; (b) the firm knows more about the mechanical condition and
) i -
performance of its assets than prospective buyers and (c) transfer costs of
selling in imperfect markets reduce the market value of the asset. .
It aiso seems sensible to consider altermatives to the PRH. For

example, suppose machines, once put in place yield a constant flow of

o =
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services until some point in the future when the machine comes to the end
of its wuseful life and then bre%?s own, which is often termed the "one-

<

hoss-shay" assumption. Here there has been no output decay throughout the

useful life of the as;et, but there'probably was input decay. Maintenance
and operatigg costs may havg/ been Tising odér time, perhaps even
exponentially, in which case the depreciation pattern of the asset will
reflect exponential decay--even though its physical deterioration pattern
is that of a one-hoss-shay (i.e., zero output decay). The fact that the
physical dfoductivity of the asset in terms of the output services it
yields remained intact throughout its lgfe implies that the owners of the
machine did not have to undertake any replacement‘investment. Feldstein and
Rothschild (1974), and more directly Ray}gy and Trivedi (1975, p. 17) and
Nickell (1978, pp. 116-121), show that if tte assumpfion of exponen£ial
output decay 1s replaced by the‘gne-hqss-shay, replacément requirements
will not be a constant fraction ofkcapital stock.. Instead one will get
fluctuations in replacements similar to Einarsen's pure replacement cycles.
Moreover, Nickell (1978) has shoun thatgthe same result will occur for any
ndh-exponential decay function unless the age structure of the capital
stock remains constant.

In a study of 21 2-digit SIC manufacturing industriés for plant and
equipment, Coen (1975) found that the services provided by about 50% of
plant and 12% of eguipment in manufacturing resemble those of the
one-~hgss-shay. The services of another 28% of plant and 44% of equipment

decline linearly to zero over the service life. At least 78% of plant and

56% of equipment in the U.S. manufacturing sector exhibit non-exponential

'
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decay., Clearly then, for assets witﬁ non-stochastic 1lives the above

results point to the r;igg;;oA of the exponential decay hypothesis and of

course its dual, the PRH.

Finally, we must remember that service lives of assets are averages.
Similar assets will not all collapse at the same time. Some will collapse
before the average life, others af‘Een’dérlyidg the mean service life of
a given asset or group of assets is a distribution of retirements. If this
“distribution is exponential, i.e., if the probability that a ;piece of
equipment will be replaced after a given length of service exhibits aé*
exponential pattern it does not matter if individual assets exhibit a
one-hass-shay pattern of decay, because as a group,'their exponential
rétirement distribution will lead to an exponential pattern of replacement.
winfrey's (1935) empirical study based on surveys of 176 different groups
of assets rejects this possibility. Only one of Winfrey's 176 retiFement
distribution looks remotely like an exponential distribution. What this
summary of ewidence and research reveals is a simple fact. - There is
neither strong theoretical nor empirical grounds to support the proposition
that capital decays exponentially and that replacement investhent

°

approaches a constant fraction of capital stock.

=

5. Some Further Criticism of Jorgenson's View of the Replacement Process

k)

3

There are other major aspects beyond those cited in this survey of

evidence ‘and research. These should be noted: (1) the assumed eguality




betueen replacement investment spending and desired replacement; (2) the
assumed equality between desired replacement investment and economic
depreciation; (3) the effect of tax factors on economic depreciation and
consequently replacement investment. .

Implicit in Jorgenson's formulation of the replacement process 1is its
specificativn that there is no lag' bétﬁeen éhé ﬁime fﬁat théineed for
?gplacement arises and the time it is filled. He assumes that firms can
forecast with perf?ct foresight so actual replgEETents coincide with
requirements. Thus, cdesired replacements are equal to actual replacements.
A priori, there are many reasons why this may not be the case. First,
there are adjustment costs involved. Studies by Eisner and Strotz (1963),
Gould (198?), Rothschild (1871) and Treadway (1969), among others, have all
shown that firms plan and carry out their inQestment pregrams in such a way
so as to take into account adjustment factors and their attendent
adjustment costs. Second, firms may 1lack the liquidity to carry out
replacement. For example, Coen (1971) has provided empirical evidence
which shows that lack of liquidity tends to delay the execution of
inves&pent proégéms whereas availability of liquidity tends to accelerate
their execution. Third, as Helliwell (1976) points outj firms may not feel
compelled to replace aging capital goods when there is a decline in output
demand and they operate with excess productive capacity. The PRH implies
that Firmg will always carry out a positive level of replacement investment
even dU%ing years of declining demand. Fourth, machines do not just die
once_ they reach a given age. In fact machines are often rep%aged for

i

economic reasons long before they break-down for mechanical reasons. On



.-
the other hand, through a continuous maintenance policy‘any machine can bé
kept in service permanently, the only ‘ﬁuestion is af what price!
Replacement is clearly postponable too! Such flexibility has been kéown to
economic theorists as far back as'Aftaaion (1908) Akerman (1928), Einarsen
(1938) and Bain (1938). During recessions when demand for capital services
is low, firms may postpone their replacements until the period of recovery
and expansion. A list of reasons why actual replacements may not match
desired replacements ‘would include tax factors, interest rates,
fluctuations in the level of business confidence, competitive interactions,
and technological change.

Another assumption implicit in his formulation of replacement is that
desired replacements (and actual replacements) are equal to econemic
depreciation. Depreciation is used in the economic literature at least in.
three senses. Thé first of these is accounting deprec%é;;gh, used for

N
accounting ‘and  tax purposes. It consists of generally accepted or

legislated methods of allocating the cost o?’physical durable assets over
time, in order to enable the firm to recover fimancially its invesfﬁég%
costs for book or tax purposes. Depreciation in this 'sense is a convenient
way of spré%ding cost and 1is not 'directiy tied, nor is it a &iréct
reflection of wear and tear or obsolescences. The second sense in which

the term is used is in a physical sense, and 1is equivalent +to the concept

of depletion. We shall call it physical depreciation., It refers to the

decLire in a machine's physical capacity to render capital services. It

6 For a fuller discussion of depreciation for accounting and tax
purposes see Matziorinis (1979).

. e
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'occursras a direct result of \ use iﬁ*\eszuction which leads-to wear and
tgar; anq, as a result of £he toll over time of phxfical factors such as
weather, rust and accidents. This definition is akin to the engineer's
conception of depreciation and is equivalent to what Feldstein and

Rothschild (1874) mean by the term output decay. It is in this sense that

Jorgenson uses the term in all pis work. For example:

"At each point of time durable gqoods decline in efficiency, qgiving
rise to needs for replacement in order to maintain productive
capacity. For _any given durable good the price of acquisition
declines, reflecting the current decline in efficiency and the present
value of future declines in efficiency; the- decline in price is
depreciation of the durable %%od." (Jorgenson 1974, pp. 189-190).

The third sense in uwhich depreciation is used is what we may call

economic depreciation. Economic - depreciation is the decline in the value
of a machiée as a result of all .factors combined. It certainly reflects
the decline in the physical productivity of the machine as a result of wear
and tear through use. However, it also reflects the'decline in valye_as a
result of increasing operating and méintenance costs. As the machine is

.

used, its physical capacity to produce may remain ;ntact, but it may-.
require iécreasing amounts aof maintenance and répair costs, consume an
increasing quang{ty of matétrials including labour and téerefore require an
increasing Apefatin cost. This is what Feldstein and Rothschild (1974)

call input decay. Although input decay does not affect the physical

efficiency of the machine, it affects its economic efficiency, because its

.continued use involves higher costs. The value of a machine will fall with

the reduction in the level of quaéi-rengs that it yields. If the demand

price of the machine on the resale market is the present value of such

s
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future quasi-rents this'wi£1~;;;;1;\;;\;—agﬁline«in price, -
Economic depreciation will be affected by obsolegcenée which stems
from two ‘separate processes: §1) technical change which affects the
relative economic efficiency of new machines and (2) market change which
affects the composition of outpdt demand and the sel}ing price of the

firm's output. Technical change can lead to the introduction of "better"

machines, where "better" implies they are more efficiegﬂtr¥¥rom an

<

¥
engineering standpoint or require fewer operating and maintenance expenses

than the older ones. It may alsoc lead to the introduction of "better"

praoducts, where "better" now implies they are more efficient in satisfyihg
the needs of consumers. In either situation, change will lead- to the
obsolescence of the firm's existing machines. They cost more to operate,
produce less than newer alternatives, or the market is willing to pay a(
smaller price for their use now that better products are on the market. In
the seécond process of obsolescence, market change affects the selling price
of the firm's output and thus the revenue productivity of its equipweqt.
Such change could involve changes in consumer tastes, E;anges in mé}Qet
(structuré or competitive conditions. Even though the physical productivity"
of a firm's equipment remains intact, the reuénue from this equipment may
fall. - . : -
There is also a significant spatial aspect of change. What American

multinationals like RCA, Zenith, Litton, General Electric, Honeywell and

Apple have been doing throughout the last two &ecades is replacing their

older capacity in the U.S.A. by néuer quacity in Singapore, Taiwan and

”

South Korea. From the American economy's point of view this amounts to
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non-replacement.

8. ' Final Comment

Two prevalent "mechanistic" views of the replacement process are
[ 4

represented by Einarsen's (1938) hypothesis of "reinvestment cycles" and

Jorgenson's (1965, 1974) proportional replacement hypothesis (PRH). As we

have seen the two views compete for they provide different explanatiaons of

replaéément investment. In Einarsen's view, replaéement investment
expenditures exhibit a periodic cyclical pattern known as "echo effects!.
These echos or reinvestment cycles arise because the average length of life
qf asséts is a technologically-determined constant. If foréény reason

there has been a heavy concentration of investment in any period, it will

give rise to a perpetual stxeam of replacement cycles, uwhere the average

interval between any two successive ‘cycles is equal to the technplodically .

determiﬁed \2verage useful 1life of assets. Implicit in Einarseﬁ‘s
formulation is that .~ assets exhibit the '"one-hoss-shay" pattern of
depreciation, that is, they yield the same level of capital services during
their life ern\sudgen;y, at the end of their life such services drop to

Zero. /

In Jorgenson's view, replacement investment expenditures can be

approximated by a constant fraction of capital stock. As long as. the

capital stock is constant, rising or falling at a constant rate, there will

be no fluctuation in the, level of replacements from one time period to the

¥

2
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next. This pattern arises because the process of depreciation and/ot

‘deterioration of leed assets is technologlcally given. Fixed assets are
assumed to have a constant average life and to depreciate at a constant
exponential rate like radioactive isotopes.

Although these two models give rise to different conclusions, they

share the same underlying foundation which is a hypothesis in itself,

namely, that the depreciation process of capital equipment is mechanically

driven and is, therefore, exogenous to any other economic variables. Such
models imply that the average length of life and the rate of depreciation
of ‘capital gqoods are constants and invariant to'gconomic variables such as
interest rates, prices, demand for Dutput; capacity utilizatioﬁ, “rate of
technological change, obsolescence, tastes, competitive conditions,
liquidity, tax var&ables, expectations and business confidence.

. We haué shown that the. available theoretical, empirical and
lstatistical evidence does not support their -assumptions nor their results.

‘Results were discussed which clearly show that depreciation and replacement

,//\\\////fre economic variables and respond. to changes in the values of other

- ) R
economic variables.  In the next chapter, we .discuss this richer

perspective.,

i
—
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1.  Ihtroduction ' -~

In th;s chapter megkurn to the examination of economic explanations of
replacement and discuss pertinent empirical findings. All the available
evidence suggests that repldcement investment (far from being a
mechanistically-determined constant) is, in fact, a variable, endogenous to
the economic procéss and responsive to certai;‘economic factors. The
notion of replacement is examined from both the "marrow" aﬁd "dynamic"
perspectives adopted in the literature and a reconciliation between the tyo

Py

approaches is suqgested.

2. Early Discussion

.

Three distinct lines of development are apparent in early economic
literature. Qe can 1illustrate these- by'&goking again at Einarsen (1938)
béfore assessing éome vieus of Bain (1938) and, ‘finally the more formal
maximization criteria. Although Einarsen (1838) developed the reinvestment
cycle hyﬁbthesis to its logical extreme, he also provides a comprehensive

account of the possible, role of economic variables in the replacement

.

process. He was aware that (a) retirements did not necessarily lead to
replacements, (b) anly a fraction of capital stock is replaced by firms 'and
(c) the length of life of assets was nc* constant for firms could postpone
or accelerate their replacements within certain limits. As a_reéult of
these .ntervening factors, successive reinvestment cycles will ‘tend to

becomemmore and more damped which .would imply that in the long-run, echo

¥
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effects tend to disappear. Thus Einarsen looked for factors which would

I'd

offset the teAdency'toward dampening, and would maintain the amplitude and
consequently the longevity of the reinvestment cycles. His vision of

dynamic behaviour was eclectic as the following quotations reveal:

1. M™'Secondary Reinvestment Cycles'... come into existence because
the reinvestment during the business cycle will be concentrated during
revival and prosperity. The secondary waves are due to ... the fact
that the actual doing of the replacement may be moved forward or
backward in relation to the normal reinvestment time. ... Further we
have assumed that the firms come to their resolutions concerning
replacement independently of each other. In reality, however, we have
to consider the general optimistic state of mind of the firm's
management during revival and prosperity and the pessimistic state of
mind prevailing during depressions. We must also consider the
possibility of mass psychology." o

2. "Postponement of the Reinvestment. «+s The replacement of -
machines, which during a depression reach their normal replacement
age, is to a large extent neglected, as the machines are either kept
in use longer than wusually or they. go out of use without being
replaced. «es »~ The replacement age depends on whether it is
profitable any longer to keep the machine in wuse owing to the rising
age expenses. There will then always be a physical possibility to
keep machines in work some time beyond their normal replacement age.
«.. Economically this possibility for postponement is expressed in
the fact that the replacement expenses are "postponable costs". 1In
bad years firms will reduce the replacement budget. The postponing of
the replacement may be motivated by lack of capitaly firms need all
resources to cover their current expenses. But even if capital may be
provided, it may happen that firms prefer to postpone replacement
because the market is glutted with goods, so that there is not full
employment for the.machine. Besides, postponing of the replacement
may naturally be motivated by the general pessimism during a
depression. One is inclined to view the future prospects of the
branch so pessimistically that one does not only omit to start new
enterprises, but even neglects the maintenance of the old machinery."

3. "Shortening of the Reinvestment Period: cee Some capital
instruments will be replaced before they normally should be ripe for
replacement. A factor which is involved here is the technical and
economic progress. Usually, neuw machinegs will be larger and
technically more perfect than the replaced one. It will have greater
capacity and wcrk cheaper. UWhen, therefore, during a revival a whole
series of firms within a branch of industry is replacing their
machinery by larger and better machine -Qt irms within the same

¢
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branch will have to replace as well, even if the normal replacement
age of their machines is not still reached." (Einarsen, pp. 62-65).

As Akerman (1928) pointes out, this more complex picture weakened the

concept of pure echo effects:

«
»

"When the elasticity of the reinvestment demand is taken into account,
the importance of the theory is much reduced as the present busingss
cycle will then dominate over the influence that previous cycles may
have on the development of the reinvestment group." (p. 161)

ta

Thus, reference ta the "secondary" reinvestment cycle is not only at

variance with Eimarsed's initial model of pure reinvestment cycles, but
rather provides an alternative to this theory. What is more, the three
quotations reveal key components of a "cyclical theory of replacement", one

based not on exogenously given mechanical ‘barameters but on endogencusly

N

determined economic variablgs.
. Bain (1939), in the second line of development, also argues that the
average life of a capital® good is determined by economic factors well

before technical necessity becomes prpsent.'AHe states thatb

|

"the economic life af equipment is analytically a variable ... 4f
little or nothing is spent in maifitaining a machine, the period during
which it will render service may be extremely short., If a dufficient
amount is spent on maintenance and repair, it can conceivably be made
to serve forever. The reason that equipment is replaced at some
particular time cannot rationally be that it has ended its "physical
life", but that it is no lenger as ecornomical to the firm as a
replacement would be." (Bain, p. 80) - \

His-simple theoretical model assumes that the firm will engage in a

replacement policy consistent with the maximization of;the value of, the

enferprise. He shows that the firm will continue using existing equipment
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as long as, ex ante, it 1is cheaper to operate equipment in use than to

purchase and operate replacement equipment. His analysis serves to

illustrate tnat the ecornomic life of equipment is a variable, the final

value of %;Zch is determined through cost and profit calculations. He also

identifiesfthe type of variables necessary for this calculation and shous

that in a world of imperfect foresight it is the values which firms expect
variables to assume which counts, and in this context the timing of the

replacement has a large potential range of values. Expected output,

o ’

interest rates, the level of capital goods prices and the rate of

technological obsolescence ar® identified as being crucial determinants of

o

the timing of replacement, whereas .the role of interest rates may be
marginal and overshadowed by obsolescence. Uhile pro;cyclical fluctuations
in the price of~capital goods are likely té lead to a counter-cyclical rate
of replacements, other variables are not constant. In fact sinceﬂthe
fluctuations in capital goods prices are minor comparef?7to fluctuations in
expected ocutput demand, the 1latter influence may oversgédow the influence
'of capital-good prices. ‘éain also argues that, in a world of imperfect
foresight, the profit‘ maximizing firm will be induced to postpone
replacements until after the recovery begins.

"With the emergence of the recovery phase--i.e., after the turning

point is passed--the shift in expectations of output and the reduction

of risk factors, coupled with lagging capital-godds' prices and
interest rates, may result in the abrupt termination of many economic

lives. This pattern emphasizes clearly the fact that the life of.

equipment, a function of ex ante data, is potentially very sensitive
to movements in the business cycle, and that a hypothetical average
durability of capital may not carelessly be adduced as a cause for
turning points in the cycle. The cycle in investment should instead
potentially be regarded as a generated rather than a generating
phenomenon." (Bain, p. 87)
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In his treatment, Bain anticipates later views of Feldstein and
Rothschild (1974) by treating the useful 1life of fixed assets as
economically-determined so that replacement investment will be a phenomenon

endogenously generated by the fluctuations im economic activity and is not

_ingependent of them. Here replacement investment is likely to be greatest

jushafter the up-turn of the business cycle. Tugan-Baranowsky (1801),
Spiethoff (1902), Aftalion (1908), Clark (1923) and Akerman (1928) argued
along'similar lines. They differ as to their explanations of the channel
through which replacément is determined, but share the same view that
replacement investment will be related to the business cycle, rising during
expansions and falling during recessions1. ' .
The third 1line of developmént was elaborated by Taylor (1923), ~
Hotelling (1925), wicksell (1934), Preinreich (1938, 1938, 1940) and
Terborgh (1949), They approach replacement independently of the businesé
cycle ~but keep the view that repiacement is an economic decision whose
timing and value depends on profit-maximizing economic criteria. Their
theoretical results show that under steady state conditions with static
expectations, the "optimal" life of equipment will be a function of three
variables: (a) the rate of interest, (q) the rate of technical progress and
(c) the rate of change of capital goods prices. In pérticular, thgﬂrate of
replacement investment is found to be negatively related to interes£ rates,

positively related to the rate of techpical progress (obsolescente) and

negatively related to the rate of change of capital goods prices. Such

1 See Einarsen (1938) for a complete account'of their views. -
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results suggest some of the key variables involved under static conditions
for the individual firm but for replacement at an aggregate level under
dynamic conditions, they fall short of an adequate explanation of the

*»

replacement processz.

3. Replacement as an Endogenous Economic Process

Since the early 1970s & number of studies have been conducted to
explain the observed fluctuations in the 1level of replécement investment.
As mentioned earlier, no direct data on replacement expenditures byﬂfirms
exist. However, there are aggregate data on anticipated and actual
replacement outlays, which have been collected by McGraw-Hill in the U.S.A.
continuously singe 1850, and in Canada by the Department of Regional
Industrial Expansion since 19773. Tables 3-1 and 312 show the proportion

of capital investment expenditures  intended for "replacement and

modernization" in the manufacturing sectors of the United States and

Eanada. In the U.S.A. during the period 1950-1987, replacement and
hodernization expenditures account for about 58% of total capital
expenditures in the manufacturing sector. In Canada, during the period

1877-1985, "upgrading and replacement" expenditures have accounted for

36.1% of total spending as compared -to 42.5% for exgansion. These data

also show a considerable variation in these shares. Replacement and
-

b

2 See Grosse and Berman (1957) for a discussion along these lines.

3 McGraw-Hill (1986) and Department of Regional Industrial Expansion,
Reports of the DRIE Capital Investment Intentions Survey, 1979-1988.

el
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TABLE 3-1 (“

REPLACEMENT & MODERNIZATION SHARE OF MANUFACTURING BUSINESS
CAPITAL INVESTMENT: U.S.A., 1550-1985

Years % Share Years % Share
1950 57 1970 50
1951 47 1971 \ 53
1952 51 1972 53
1953 52 1973 50 ,
1954 57 1974 50
1955 53 1975 53
1956 N/A 1976 51
1957 48 1977 52
1958 56 1978 52
1959 63 1979 52
1960 69 1980 61
1861 68 1981 B2
1962 70 1982 B7
1963 68 19883 61
1964 64 1984 - B5
1965 55 1985 73
1966 52 1986* 74
1967 53 1987% 78
1968 50

1969 50

*Anticipated shares.

SOURCE: McGraw-Hill Ecgnomicg (1986) Historical Capital
Spending and Related Data, McOraw-Hill, New York.

McGraw-Hill  Economics (1988) . 39th  Annual
McGCraw-Hill Spring Survey of Business Plans for
New Plants and Equipment, 1986-88, McGraw-Hill,
New York, ’

Ve




TABLE 3-2

CAPITAL EXPENDITURE SHARES, BY PURPOSE,

CANADA: 1977-1986

(Percentages)

53

Expansion Share
Replacement )

. Existing New & Upgrading Share,

Years Sites Sites Total Share Other*
1977 33.1 21.8 54.9 27.4 17.7
1978 32.0 17.6 49.6 3.0 19.4
1979 33.1 12.9 46.0 36.3 17.7
1980 33.9 18.1 52.0 3.4 16.6
4 198% 36.3 14.1 50.4 33.5 16.1
1982 26.7 15.3 Aé.U 36.7 21.3
1983 24.9 6.3 31.2 38.8 30.0
1984 26.6 5.4 32.0 46,2 21.8
1985 19.8 ‘5.0 24.8 'a3.7 3.5

* Includes spending on retooling, conversions, pollution abatement,
working environment, among others.

SOURCE: Department of Regional Industrial Expansion, Business Capital

™

Investment Intentions Surveys, April 1977 to April 1985.
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modernization has flugtuated between‘ 47% and 78% of total marufacturing
capital formation in the U.S.A., and between 27.4% and 46.2% in Carada, for
the corresponding period. ‘

Feldstein and Rothschild (1974) and Nickell (1975) have furnished
theoretical results while Feldstein and Foot (1971), Eismer (1972), Bitros
and Kelejian k197a), Cowing and Smith (1977) and Lioukas (1980, 1982) have
all furnished empirical results which seem. to show that replacement
investment is variable and conditioned by a n;mber of economic variables.
Some of these are (a) the level of liquidify within the firm, (b) the level
of expansion idvestment activity undgrtake; by the firm, (e) adjustment
costs, (d) the level of capacity utilization of the firm, (e) the level of
gross investment activity, (f) the user cost of capital, (9) the level of
maintenance and repair expenditures, (h) the 1level of interest rates, (i)
the rate of obsolescence .and (j) the ley;l of anticipated capacity margin

requirements. UWe shall examine analytically these results in the next

three sub-sections.

3(i). The Role of the Liquidity Variable

Consistent with Coen's (4971) findings, Feldstein and Foot (1871),
Eisner (1972) and Lioukas (1980) provide evidence to the effect that a
higher level of cash-flow (i.e., net earnings plus depreciati?p allowances)
is associated with a higher level of replacement outlays. Nickell (1974)
provides supportigg theéretical‘evidence. For example, Feldstein and Foot
find that each one dollar increase in internal funds is associated with a

$0.25 to $0.39 increase in replacement spending while Eisner, using

..

w




cross-sect%sn analysis, finds Fhat it is associated with a $0.15 increase
in replacements. Since liquidity is highly correlated with the level of
demand for output and the business cycle, it is not certain to what extent
it is a causal vafiable directly responsible for inducing replacement, or a
confounding variable picking up the influence of higher demand for output
or more favourable expectations on the part of firms. Why funds play this

role is not, adequately explained.

3(ii). The Role of Expansion Investment

Feldstein and Foot (1971) and Eisner (1972) provide evidence which
show that the level of éxpansion investment is positively associated with
the level of replacement spengang. The former find a positive correlation
ranging between +0.27 to +0.47 while the latter finds a correlation of
+0.48. To the extent that this evidence is accepted i imp%}es tHa?’many
of the variables responqible for expansion investmspt are also partly
responsible for replacement. This provides support for the hypothesis that
the two components of invest;ent are not sufficiently aifferent to warfant
separate treatment in the literature. Yet oddly enough, Eisrer (1972) was
not‘able_ to find any relation between replacement investment and sales--a
crucial determ;nant of expansion investment in his models. This may be due
to the specification of his eqhation: for %fample expansion investment may
pi up all of the influence of the —sales variable ar the adjustment lag

ay have not been pfoperlya}specified. Furt@ef when positiye sales

1

expectations emerge, a firm with excess productive capacity may feel more

certain about replacing and modernizing existing capacity than about adding

5
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to existing capacity. ,

Other evidence by Bitros and Kelejian -(1974) and Liouké; (1980) on
capital investﬁents is interesting. They find that the level éf gross
investment is positively related to the level of retirements (scrappage).
To the extent that replacements are associated with retirements, the level
of gross investment will be associated with replacements. It  should bé
mentioned here that in the model bf Bitros anq Kelejian gross investmeq& is
a proxy for the rate of technical change and therefore obsolescence. Since
technical change is egbodied in capital goods they argque that the rate of
gross investment will reflect the rate of technig%l change. This is a
reasonable assumption a priori; however, they fail to provide any evidence
to support this assumption.

»

Although a simple” positive correlation between repla?é;;5¥ and

expansion investment as well as between the former and gross investment has
o4
<

been established, Feldstein and Foot (1971) and Lioukas (1980) also provide

empirical evidegce of a neqgative partial correlation between the two

components. Nickell (1975) provides suEporting theoretical support.

Feldstein and Foot find that, ceteris paribus, expansion and replacemgnt

are substitutes to a certain degree, where each one dollar change in the
level of ‘expansion invdtfment is associated with a negative $0.33 change in
fhe level of replacement. This is an interesting result which Eisner
(1972) using separate data and a different model was unable to confirm.
Clearly, Feldstein and Foot's resdﬁts are sensitive to the data used.
ﬂowever, to the extent that such a relationship exists, it reveals that

while both expansion and replacement respond to many of the 5253 variables,

L



and therefore may often move up and down together, there is still a partial
negative correlation between the twa.

Two factors dominate explanations of why this relationship may occur:

the budget constraint and adjustment cost§. First, firms never possess:*

sufficient liguwidity to undertake all of their investment .projects at the
same time. In the contg&} of limited funds, the Firm mﬁst decide which
projects should receive prférity in their execution. Evidéﬁtly, expansiop
projects are higﬁer in their priority 1list because if the firm does not
expand in time to meet new demand, it will lose market, share to otheg
firms.v On the other hand, replacement is postponable. The firm can still
use its existing capacity to meet current demand, albeit it ét a higher
cost, and posﬁbone replacements until a later date when the necessity for
expansion will have been mitigated. Moreover as Eisner and Strotz (19635,
Gould (1968) and Treadway (1969) h&Ve showﬁ, adjustment costs are

significant in determining the time-path of investment spending.

Undertaking replacement or expansion_programs involves the firm in

considerable executive, administratiys{ resource and operational outlays.

There are limitations to the extent that a firm can manage and

uch ojects at the same time without

ope:atfbnally undertake ma

exce?gkﬁe dislocation.
\

smooth out over ti their investment activities. Since replacement and
modernization projects are of the postponable type it is sensible that the
firm may gqive priority to expansion projects and stretch out its

! °

N [N
replacement and modernization activities.

Therefore it is ohly natural that firms may want to.
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3(iii). The Role of Capacity Utilization

*

The role of capacity Gtilization is less clear. Feldstein and Foot (1971)
report empirical findings, supported by theoretical Findin;; by Nickell
(1975) that the level of capacity utilization and replacement investment
are positively related. Feldstein and Foot find that each 10% point
increase in capacity utilization is asso;iated with a 1% increase in the
replacement to capital stock ratio.J On the other hand, neither Eisner
(1972) nor Bitros and Kelejian (1974) were able to replicate this result,
The empirical inconclusiveness of these results is in part due to the
different roles that capacity utilizatioﬁ is assumed to play by the
different investigators.

Feldstein and Foot vieu;capacity utilization in terms of its_impact on
the firm's production costs. As the level of capacity utilization rises%

4
the firm is induced 3}0 ‘bring ‘elder and less efficient machinery into

!

operation which increases the production costs (marginal cost). As a’
result préssure is built up in the firm to replace the less efffcieng
machines by newer, more technically advanced and cost efficient eéuipment.
Hence the rate of replacement ipvestment tends to rise during aeri%ds of
high capacity utilization. On the other hand, when the firm operate; at a
lower capacity utilization, it does not use the less eff jeient maEhines énd )
feels no urgency to replace them. Even though firms possess higher cost
equipment, as long as they are not being wused the firm may not bother to

replace them. This is clearly, a reasonable proposition.

)

Bitras‘ and Kelejian (1974) arque that the rate of replacement,

investment,uto the extent that it is refated to scrappage, will be

: ¢
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positiuély related to the 1level of wutilization of capital stock and
negatively related to the level of maintenance expenditures. They cite
Marx (1887) and Keynes (1938)'as supporting the <view that the length of
life of assets will depend on the rate of utilization of equipment along
with theoretical evidence to that effect by Taubman and Wilkinson (1970).
Similar empirical evidence has alsd been given by Marris (1964). This too
is a reasonable proposition for long-term development as is also the fact
that better maintained equipment will last longer and require less
replacement. With higher ht;lization rates, a firm's plant will ne;d more
frequent replacement. On éhe other hand, fluctuationssy in short-term

capacity utilization--which Feldstein and Foot deal with--is a different

matter. Bitras and Kelejian (1974) suggest that im the short-run, high -

[

capacity utilization rates will discourage firms from undertaking
replacements because replacements are accompanied with retirements and
retirement of machines is unacceptable to the firm during periods of high

capacity utilization. Therefore, their argument implies that firms will be

- motivated to shift retirepents and  replacements to periods of lower

capacity utilization. Hence they argue that capacity utilization will be

both positively —and ﬁegatively correlated with replacement and this is how

P ®
they explain their lack of conclusive findings regarding the role of

capacity utilization,
@

This explanation can be criticized on a number of fronts. First, they

should either purport to explain the short-run relationship between

utilization and replacement or the long-run relationship--but not both.

. -

Since their model is a short-run model, referenca,tq(;hev&bositive long-run

EX
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effect is out of place. . Second, their model eétimateé/;;e relationship
between retirements and capacity utilization. The relationéhip'betueen
retirements and replacements is an assumed one. To the extent that
replacements and retirements are not contempgraneously correlated, their
findings have nothina to say regarding the connection between capacity and
replacements. In aother words, it is still possible during periods of high
capacity utilization’ for firms to engage in replacement investment without

a simultaneous retirement of the "replaced" capacity. In Einarsen's’

terqinology firms will engage in reinvestment without replacement. To the
extent that this is so, one can reconcile the view that replacements and
high capacity wutilization are positively correlated while retirements and
capacity utiliza?ion are negatively correlated. Another factor which '
obscures the role of capacity utilization is that it is inter-correlatéd
with outPut Eemand and liquidity. \Decomposing the various effects and

attributing causal roles is very difficult in this context.

9
4, Further Discussion of Replacement Models Rﬁkr

\

Thfb section takes a retrgspective look at the various hypotheses

which have been proposed to explain replacement investment. The objective
is to examine the various models "from a distance" so to speak, in order to
identify important areas where. deficiencies or omissions héve'occurred. In
this context, a number of significant observations may be made:

) : 3
o




4(i). The Definition of the Dependent Variable

As has been mentioned above, there 1is no direct set of datalgp

replacepent investment. Nor is® there any complete description of the

replacement ' process to be found in published material. We have an

incomplete conception of what we are igvestigafing and few observations to
clarify what this conception entails. Replacement investment is often

conceived in the sense of "like-for-like" replacement whiak maintains

investigators are aware that in the real world, such "like-far-like"

/replacement is rare and that newer capital goods are generally "superior”

to the ones being replaced due to technical progress. Since modelling

technological - change and its concomitant obsolescence is difficult,
investigators have fallen back on the more restricted but simpler "]ike-for

like" definition. In over one hundred annual reports of Camadian and U.S.

v

corporations that we examined, the term "replacement{\‘if\hrarely used!

J Rather the rTelevant terms used by business are "upad%adi qQ", "modern-

N

ization" or a combination of’ the two, "up-grading and modernization".

The view of replacement implied in the professional literature in
contrast to its businesg}analogue has five elements. These are: (a) all of
; the capital stock requires replacement sooner or later, (b) replacement is
: ’ always accompanied by retirements, (c) reélacement occurs purely to

maintainniqféct the productive capacity of capital stock, (d) replacement
and exéanggon activities are entirely’independent of each other and thus
‘ ( require independent decisions by the firm, (e) replacement is m?re or less

a routine function, a matter of technical necessity.

intact the productive capacity of a firm or the aggregate economy. Most
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When this view is juxtaposed to the evidence observed in practice, one

is led to question it in a number of areas. First of all, firms do not

replace ail of their capital goods as Einarsen (1938) observed. In fact,
there are a number of obvious reasons why a firm will not be compelled to
replace old assets by new oanes. For example, a firm might decide to
reinvest its funds in a new line of business or might decide to pull out of
production of a given product line altogether. Furthermore, a firm may
decide to alter the structure of production and op; to transfer existing

facilities, or build new facilities overseas. Technological change and

market competition continuously Forgg firms to make adjustments <to their

structure of production out of a need to maintain their profitability and
long-term survival. A number of examples come to mind here: many U.S.

firms in the 1960s and 1970s found it necesséry to transfer production to

T—t——— N ~

countries with lower production costs, such as Singapore, Taiwan, South
Korea, Thailand, Mexico, Ireland and Spain, while other U.5. firms, notably
in the steel industry have found it necessary to permanently scrap much of

their production capczity. Clearly, there is nothing to ensure that firms

will always replace existing;papacihy‘and in fact they frequently do not.
r 4
To assume otherwise results is a misleading view -of reality.

Second, replacement should not be equated with retirement of assets.

Not only Einarsen (1938) but also Lioukas (1980, 1982) and Bitros and’

Kelejian (1974) found evidencédwfo this effect in the British and U.S.A.
electric uytility industries. Decisions to "replace" older capacity were
not tied to the simultanecus retirement of the older capacity. Among the

reasons they cite is uncertainty regarding future growth of demand and the

o




need to maintain sufficient capacity margins to supply peak-load demand.
Additional evidence is provided by Terborgh (1948) who suggests that rather
than scrap the older capacity firms can still use older capacity, by
relegating it to a stand-by function or re-assigning it different

functions. In January 1988, Hydro Ontario confirmed its wisdom in

"mothballing" and un-mothbalding a non-nuclear power station in Kingston.

The decision to put the unit in a standby category was obviously a sensible

economic decision in 1line with intertemporal objectives of the public

utilities in the province. —

Third, replacement is rarely of the "like-for-like" variety. The
newer equipment tend to be more productive, so replacement expenditures not
only maintain the firm's productive capacity f%tact but add to it. In this
case’ replacement reduces the extent to which the firm needs to undertake
. et
separate expansion.

Finally, if the distinction between expansion and replacement is to

§
have any operational significance, it must differentiate between two

separate behavioural functions with different conditio;?ng variables,

_perhaps by pointing t% ex-ante intentions. Otherwise there is no meaning

‘in the distinction and both expansion and replasement should be seen as

common ingredients in one behavioural process of gross investment. We face
important empirical questions. To uwhat extent are expansion and
replaéement separate processes? Do firms view replacement and expansion~ as
two distinct areas of activity requiring separate decision functions?

There is ' a different perspective that deserves more attemtion: Suppose
. A ! 4

that the .relevant decision variables are gross investment and retirements

-
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rather than expansion investment and replacement, ﬁlearly, gross
investment brings about an expansion in capacity while retirements bring .
about a diminution in capacity. ”%here is some evidence - to suggest that
investment and retirement are not jointly determined in the same decision
process. For example, Lioukas (1980), based on findings from the U.K.
electric utility industry suqgests:
"Plant decommissioning programmes in the CEGB are constructed from’
bottom-up proposals submitted by its five regions., The decentralized
nature of the process reflects the fact that knowledge of plant
behavior and of local constraints is dispersed. On the other hand,

new plant investment decisions are reached through a basically
centralized process, at Corporate Headquarters." (p. 242)

If retirement and gross investment are the only variables the firm

\

looks at and if retirement and gross investment engage separate decision °

processes, then replacement investment may lack any behavioural meaning. J

Clearly, we know very little about what replacement éntails; how
replacement decisions are made and why they are made. Few attempts with
rare.exceptions such as that of Smith (1961), have been made to integrate
replacement thedry with prqduction theory. Also few attempts have been

o

made to integrate it with market-structure theory.

4(ii). The Role of Expectations and Uncertainty

With the exception of Bain (1939) and Dean (1951), no major attempt
has been made to incorporate expectations and uncertainty into the theory
of replacement. The implicit assumptions that have been adopted are those

of static expectations and perfect foresight. Yet replacement may 'still

”




respond to such chgnges as un-anticipated changes in interest rates,
c’\q 2 b -
liquidity, prices of capital goods, and the user cost of capital variable.

2

Expgctatior}s of the fu£ure paths of such economic variables may° matter. 1In
addit:i;n; one r;1ust also take into account expectations of technological
change. Fitms may dgﬂ:r replacements until such time as they expect that
the best poossible equipment have been put on the market and no further
major improvements are to be made within a definite horizon.
Alt\ernaf;ively, the E‘;L;CCESS of© more technologically advanced firms may
pron;pt gJ’ther Fi;'ms to respond defensively by accelerating their replacement
programs in their desire to remain competitive.

Another aspect concerns uncertainty, Since future demand for oﬁtput
is never certain, a firm may desire flexibility in the- planning of its
capacityzresiuirements. This casd has been clearly stated by Hart (1940,
p;a. 110-18). Empirical ‘evidence to this effect has gxlso been supplied by
Lioukas (1980, 1982). He shpws that the British electrical utility
industryotak'es into account future expected demand in its decommissionir}g
programs and ens‘ures. that it maintains a comfortable margin of capacity in
case of un-anticipated increases in the demand for electricity. It is only
reasonable to expect that the same may apply to firms in other industries.
The penalty of not meeting “unf"orseen demand for a firm's output may be an
‘irréversiblé drop™in its market share as consumers object to unfilled

§
orders and redirect their activities. Here, one may view retirements as a

<

variahle to adjust for errors in sales ei(pecta,tions. One way for .
(=]

‘correcting errors in sales expectations is by maintaining a margin of

‘.excess,capacity, and this can be achieved by manipulating the ﬁimingﬁof’

k] b Y -
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retirements. Clearly, thé firm may accelerate retirements if - it has
over-built capacity or delay retirements if .it did not build suf ficient
capacity. Since the cost of old capacity is a foregone cost), the primary £

. . . . & . . . . . .
economic consideration is the carrying cost which, in most cases, is likely

“to be low.

Bain (1939) emphasized the role of cyclical shifts in the expectations

of firms and concluded that replacement inyestment is likely to be affected
]

by shifts from moads of pessimisﬁ to moods of optimism. Thus replacement

would vary procyclically which seems to be consistent, with the findings of
Feldstein and Foot (1971) and Eismer (1972), who found a ppsitivé
correlation between expansion and replacement. Dean (1951, pp. 146-60)
discusses the relative advantages and disadvantages of investing in
replacement during cyclical down-turns. Other things being equal, the cést
of capital goods is lower while time-lags in the production ana.
installation of capital goods are shorter during down-turns. He finds,
however, that on balance, the disadvangages such as tﬁe cost o% carrying
the new capacity until the next up-turn, uncertainty and’the pressure on

liquidity outweigh the,advantages and concludes that firms are likely to

L]

- postpone replacements until at least the earliest part of the up-turn. 0One '
A Y

must keep in mind that replacement decisions may involve considerably legs-~-—*

uncertainty than expansion "decisions. This should render the former
decisions less susceptible to swings in #he level of confidence and is
consistent with the empiricg& findings of Eisner (1972) that replacement

| A

investment is less volatile than expansion investment. - -




4(iii). Level of Aggregation and Time-Horizons

N =

A common weakness is a failure to specify clearly the level of

aggregation to which theories are supposed to apply or to specify the time

horizon (short-run vs. long-run). This criticism applies the most to the

work of Jorgenson and his associates. Feldstein and Foot (1972) treat -
Jorgenson's formulation as possibly applying in the long-run, but with the

importaht short-run effects significantly determined by economic variables.

On the other hand, Bitros and Kelejian (1974) treat replacement as

v »

responding to both short-run factors (gross investment) and long-run

factors (the _level of maintenance expenditures). _Any reasgnable

formulation of replacement processes ¢should maké a clear distinction

°

between short-run fe~tors and long-run factors and the specification of

\'@ -

etheir eqLétions should reflect this.

The levél of aggregation is e;ually important. When models a;e at the
level of the plant, firm, industry or the economy, this character should by
analytically inqorporatéd in the experimental desidﬁ, Replacement at the
plant level takes a different.form from that at thé//;g;m level. A firm
”may mothball (scrap) one planﬁ while ﬁodernizing another, Replacement
need not occur equally in all of the firm's plants. Replacement may occur
in one set of firms w%thin an industry but no£ in others. Firms, rather
than replacing or modernizirg tﬁeir own plants, might purchase used plants
from thei;ﬁ%c%mgeti%ors through either mergers or corporate acquisitiaons.
fd‘@be ekként tﬁat an industry is declining, éhe might observé a process of

testructuring and rationalization uwhereby the surviving firms use their

» . - s .
competitors' newer capacity and scrap--rather than modernizing-~their, oun

#
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*older capacity. Finally, at the level of the national economy, there will

occur both expanding ana contracting industries. To the extent that the
expanding industries bring new products to the market (e.g., computers,
electroﬁics, robots, VCRs) while the declininé'—industries (e.Q.) textilesjy
shoes, clothing, machine tools) 1leave the market to foreign producers,

replacements are bound to diminish. Correct specifications of replacement

models therefore ‘%hould take theﬁrdifferqmb levels of aggregation into

account. Moreover, separate studies should be conducted for each level of
‘,“J L3

o

aggregation. -

None of the studies that we have cited have taken account of the
morphological‘characteristics of different industries. The degree of
corporate concentration differé among industries and different industries
employ Jdifferent production pfocesses. R typical categorization of
productfion processes distinguishes among (a) rigid-mass production (ling
production); (b) flexible-mass production% (batch  production); (c)
continuoué-process production (flow production) and (d) unique-product
groduction.' Surely, different production processeé may entail different

needs and requirements which modify replacement processeé. In the June

1983 Survey of Capitg&flnvestment Intentions of the Canadian Department -of -

Regional Industrial Expansion, it was reported that while only 12% of non-

: manufacturing investment was intended for up-gradindh and replacement; the

comparable figure for manufacturing was 40%. +« Clearly, there are inter-

industry differences that need to be taken into account.

L
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4(iv). Capital-Output Specificity

. o
_ Most capital goods are designed to perform specific t%sks. An

ensemble of machinery and equipment is designed and assembled in order, Lo

L o<
produce given products with pre-set specifications. In many cases, it i

the nature and specifications of the output which determine the natﬁre and

v : ¥ . .
specifications of the capital goods used to produce that output. A glaring

example of this is the automobile industry. The predominané‘%ajority of
capital expenditures in this industry are devoted toward "retooling", which

-~ ®

is re-fitting production 1lines with the type of machines and equipment

v

necessary to turn out an output of given design., The level® and timihg of

these expenditures are a functigh of model design. Obviously, the rate of

model change has an impact on tge length of f?TE’ of these capital assets.
il

Clearly, we cannot talk about 'replacement in the automobile industry

«
without explicit recognition #nd incorporation of the role of new models of

L ’

cars. In other uwords we have to take into account, capital-outpu%

specificity.
An examination of certain world production and trade flows over the

past few decades serves to qemonétrate the potential significance of such

specificity. In the early 1950s, the U.S5.A. produced the vast majority of

its textiles, clothing, shoes, toys, consumer products, ships, automobiles,

-

steel and bagic electronic products like radios and TVs. By the late 1860s

and early 1970s, much of the pmeduction .of these goodéﬁshifted to countries

in Europe and Japan as illestrated in Table 3-3. Today, production of much

“of textiles, clothing, consumer products, basic steel and ship-building is

shifting out of Europe and Japan to newly industrializipg countries (NICs)
) b

¥ -
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such as South Korea, Taiwan, Singapore and Spain., As these countries are
expanding their production of these lines of products, the U.5.A. and Japan

are now shifting to a different output”‘mix composed of such advanced

products as specialty steel,

i

precision castings,

robotics,

special

devices, luxury automobiles, integrated

chemicals, process control
circuits, aero-space engines and comporents, lasers, fiber-optics,
. telecommunications equipment, as described for example by Reich (1983).

While the

"smoke-stack" industries are still bhere, their share of gross

output is giving place "to the newer products. As the production of the

newer products requires new expansion investments and{zittle replacement
¢

and up-grading investments, the aggregate ratio . of replacemenis to gross

investment is bourd to decline. This implies that as a result of thek

“ordénic" change 1in the "output mix" of the economy which is.taking place,

\

the ratio of aggrégate replacement to gross capital stock

is bound to fall,

and the

ratio of

replacement to capital stock is likel ' to be much higher
in established (smoke-s@ack) industries than it is' in new expanding
" N

industries. "To ignore the capital-output specificity in the context of an
£

el ¢

economy undergoify pronounced changes in its output mix is to leave many of

‘the relevant explanatory variables outside our\realm uf‘understandinq.
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TABLE 3-3
IMPORT SHARES OF UNITED STATES MARKET*

(Percentages)
P . ¢ B -

18970 1979 NB/! 1984 1885
Steel (1)(2) , 13.8 15.0 18.9 26.0 28.2
Telephone Equipment (1)(2) ) 7.0 11.7 21.0 40.0
Us¢s & Radios (1) 43.0 §0.0
TVUs & Video Cameras (2) .| 61.6 72.0
Shoes (1) . 51.0 51.0 7.0 -] 77.0
"|Apparel (2) 25.6 36.8
fUearing Appafrel (1) 12.0 21.0
Costume Jewelry (1) 16.0 29.0
Luggage (1) - 25.0 ‘ 44,0
Fans & Blowers (1) .- 10.0 3.0
Stuffed Toys (1) 50.0 79.0 -
Bicycles (1)~ 17.0 45.0
Copper (2) 17.7 : 29.4
Automobiles (2) 34.5 44,3
Machine Tools (2) 21.8 37.0
Cutting Machimes (1) 22.0 39.0
Car Stereos (2) - 22.7 45.0-
* |Semiconductors (2) 41.7 42.2 | .,
Micro-wave Ovens (1) 2¢.0 . | -48.0 -
Farm Machinery 8.0 % 19.0
Construction Equipment 2.6. 1 8.2 )
. . j
4 ;
. & ,
* Imports as & percentage of  apparent U.S. consumption, based on U.S.
Department of Commerce data. , =2
SOURCES: (1) Time, Octaober 7, 1985,
(2) Newsweek, September 9, 1985.
! = | -= (“‘W .
‘ ! = /
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5. Dynhamic Views of the Replacement Process

5(i). George Terborgh: Asset Displacement and
Functional Degradation -

George Terborgh (1945, 19439, 1954) has conducted extensive studies on

the subject of replacement, depreciation and ré-equipment for the'MachinerX'

—%
anddp¥lied Jroducts Institute of America. For many years, he has been the

recognized authority on the subject in America. Terborgh accomplished an

—

integration of the theoretical and practical aspacts of the problem in a
way unequaled by other investigators. For Térbopgh (1949), replacement
investment is a much more intricate and dynamic process than has been

perceived by the mainstream segmen§fof the profeésional literature, His

LY

critique of standard.views of replacement and his more dynamic approach on
the issue can best be appreciated by quoting him directly, extensive as the

quoted, passages may be:

. . . 3 .

« ~ "There is a widespread tendency to think of replacement as the filling

. of a vacudfi'1gFt by the physical &ollapse or deterioration of existimg

capital ‘goods, and *hence to undgremphasize the dynamic effect of

external technological and economjlc changes. Physical deterioration

is still an important factor in limiting service life--varying widely .

in significance from case %o case--but in the modern world external

change must be given even-grgater weight. With the " heightened tempo

¢ of scientific and technical/ progress, capital goods are increasingly

‘pushed out of *service, _ggﬁlace ssrather than merely replaced after
they expire from physical decay." (4948, pp. 2-3).

"Capital formation is not a polite game in which replacements meekly
and decorously await, 1like dutiful heirs, the natural death of
existing assets. I¥ is a ruthless and cut-throat struggle in which
new capital goods rob the function of the old. It 1is *murder by

degrees. We may add ... that this displace) nt of function is
.frequently due to the competition of new goods dquite diffzrent in
character from the .old. The function of the horse and buggy was

appropriated by the automobile, which dispossessed likewise the

x
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electric interurban railway. The "airplane displaces the ocean liner.
Facilities for manufacturing nylon supersede the silkworm. Not only
do the new capital goods differ from those displaced; it'is obvious

that they have different owners. An investment by one company may An,

effect replace the facilities of a competitor by reducing or
eliminating their function." (1945, p. 107).
[ ] e

{"Once we grasp the dynamic character of this process of mechanical
displacemeht and transformation, the term '"replacement" seems
inadeqlate. It is too weak, too passive, too suggestive of the notion
... that new facilities merely fill a preexisting vacuum left by the
demise of their predgcessors. Ffor this reason we have considered the
possibilltyggof avoiding the word entirely, employing instead such
expressions "gi placement" "reequipment" or "remechanization".
The term has the advantage of common usage, however, a consideration
by no means negligible. Moreover, its suggestion of vacuum filling is
not wholly in error, since giost reeguipment decisions turp in part .on
the physical deterioration ot the incumbent asset, as well as on its
obsolescence. We have decided, therefore, ‘to continue to speak of
replacement, with notice to the reader that we use the word as a

synonym -for mechanization in general, herce with no implication of
replacement in kind. It applies equally whether the new facility is
radically different from the incumbent or an exact replica thereof.
It applies whether or not the function it performs is precisely the
same." (1949, p. 3).

;e =
The dynamic and "Darwinian" process in whikh-the production functions

of the existing stock of machinery and .equipment are graduéliy dislodged by
_ the newer and hence "superior" generations of capital.equipment was termed
"functional\degradation"' by Terborgh. To use his own words, Funcéioﬁal
degradation his a kind of progressive larceny, by which the ever-changing

but- ever-present competitors of an existing machine rob it of its function,

forcing it bit by bit into lower grade and less valuable types of service

until there remains at last nothing,it can do to justify further existence",

1848, p. 16). The following passages from Terborgh describe the process

in more detail:
¢

"Consider, for a moment, the case of the 'wonderful ane-hoss shay'.
This remarkable vehicle ran for a hundred years, as/good as new, until

o
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it suddenly collapsed, catastrophically, in a pile of junk.
Assuming--since the narrative is silent on the boint--that the
quantity as well as the guality of its services was unimpaired to the
end, it is clear that the shay was riot replaced functionally until
#after its collapse. Its demise left a functional vacuum which the
" successor vehicle filled. !
Consider now, by contrast, the life history of a freight locomotive of
the vintage, say, of 1890. ‘It began in heavy main-line service.
After a ‘few years, the improvement in the new locomotives available
and the development of the art of railroading made the unit obsolete
for that service, which was taken over by more modern power. It was
thereupon relegated to branch-line duty where the trains were.shorter,
the speeds lower, and the annual mileage greatly reduced. For some
years it served in that capacity, but better power was continually
-being displaced from main-line duty and 'kicked downstairs!' onto the
branch lines, and eventually our locomotive was forced out at the
bottom, to become a switcher in one of the tanmktown yards along the
line. But the march of progress was relentless, and in the end,
thanks to the combination of obsolescence and physical deterioration,
it wound up on the inactive list. For.some years more it lay around,
idle most of the time, "but pressed into service during seasonal
traffic peaks and special emergencies. Fimnally,.at long last, the
bell tolled and it passed off the scene to the scrap heap. -

While the passing of the one-hoss shay left g functional vacuum to be
filled by its successor, the retirement of ths}locomotive was merely a
belated, recognition of the fact that .it/ was.already dead from a
functional standpoint. Its departure created not so much as a ripple
in the operation of the railroad. Unlike the snay, ‘which maintained
the full integrity of its original service to the end, and which was
functionally replaced, therefore, after retirement, the locomotive was
replaced while it was still in service. Its final retirement was
merely an aftermath of replacement.

Now most capital goods fall somewhere between these two extremes.
They suffer a partial displacement of funmction during their life, with

the remainder displaced at retirement. Typically they undergo during °

their active careers an irreqular down grading of function that
reflects this partial displacement. New houses are built for the most
part in new neighbourhoods and for  occupancy by people of
above-average income, but as ,they age, stylistic and technical
obsolescence- and neighbourhood deterioration commonly shake them down
into lower and lower classes of occupancy. Automobiles ordinarily
pass through two or more hands on their way to the scrap heap, not
only rendering a-progressively deteriorating quality of service but
running fewer and fewer miles per vyear. Production equipment is
frequently resold in used condition, occasionally several times, going
generally into lower grade uses requiring leé&k precision and
reliability and less continuous service. Even when My,ls held until




final retirement by the first buyer, it tends to gravitate with
increasing age into low-precision operations and discontinuous
service, winding up freguently inm a merely protective, or stand-by,
capacity.

LN

The debasement of function over the 1life of a capital good may be
either quantitative or qualitative. That is to say, there may be a
J/\\\\dggrease in the amount of service rendered as the unit ages or a
deéterioration in the guality of the service, or both. A combination
of the two forms of degradation is characteristic of most kinds of
movable productive equipment, whereas . for buildings and other
stguctures qualitative degeneration is predominant." (1948, pp. 17-
18).

&

Two major points emerge from the above passages. The first of these

1

is the nption that replacement is not only a consequence of physical wear

agd tear and absolescence, but also a consequence of the development of new

/

products and competitive interactions among firms. As new products appear

. ‘ ! Ve
on the market and supersede (take-over, displace or replace) the older

. “ products so does the new capacity installed to produce the new products
supersede (take-over, displace or replace) the existing capacity used to
produce the older products. To the extent that the newer products are

introduced by the same firm, the newer capacity will gradually displace the

older capacity within the same firm. In this case "replacement" will take
tﬁg form of re-investment with gradual retirement.of the older capacity.
| To the extent, however, that the newer products are introduced by different

-~

firms from those producing the older products,

.

"replacement! will take the

-

form of M"expansion investment" by the challengeé firms with gtadual
gt

retirement of the oldex cépacity by the existing laggard firms. The latter

possibility is far more probable than the former because firms are rarely

| ‘ prepared to risk the sudden obsolescence of their own existingscapacity.

" Hence, most ,often,‘it is newly emerging firms or "challenger" firms that

-
- !
T
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N
take the first step. The existing firms either respond to the challenge by
undertaking defensive reinvestments in the new capacity or ignore the
challenge, in which case they risk their. eventual extinction from the-

)

marketplace. Replacement then 1is likely to be just as much a Eonsequence
of competitive interactian among firms. propelled by product development
(furthér differentiation of existing products and introduction of brand new

products) as a consequence of simple wear and tear.

The second major point is the view that replacement and retirement are
T T

not mutually inclu;ive processes whereby the former necessitates the

"

latter. Rather, in the short-run, new capacity.is added alongside the

older capacity with poth being kept in existence by the firm. It will be

¢

. after -a considerable lapse of time that the displaced older capacity;gill

be completely retired. Thus replacement and retirement are independent
processes in the short-run, but in the long-run, retirement is the

consequence of replacement or reinvestment in earlier periods. The

¢

{Qisplaced equipment, although stripped from their principal functioaé,
nonethelegss are maintained in act%on by the same firm or, through transfer,
by Ether“fggms in ;ecogda'third or fourth-line dutys or as standby, peak-
load or emergency capacity. ‘ o .

Terboégh (1949, p. 23) adopts a broader définition of replacement, as
"the displacement of * capital goods from their function or service";

Regarding the prevaiiing views, he states:

!
-3

"According to one common view, each capital good is replaced but once,
at the time of its final abandomment or scrappage. By another view it
is replaced wuwhenever it is retired from ownership, r=gardless of
whether it is scrapped or put into use by the purchaser. In our
opinion both views fail to get to the heart of the matter.- The final

'
N
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abandonment of an asset may be simply an aftermath of a process of
functional erosion extending over many years, hence an event in itself
of no particular gonsequence. As for identifying replacement with
transfers of ownership, this 1is equally unsatisfactory. Uhether
functionally displaced assets find an alternative service in the same
organization or are transferred in the second hand market to some
other user is irrelevant. Both of these popular concepts turn on what
happens to an asset after replacement but fail to define replacement
itself... In our view a capital good 1is replaced as oiten as-its
current job or work assignment is taken over by a successor. If, like
the ‘'wonderful one-hoss shay', the asset defends itself against
functional displacement to the very end of its career--and there are
some types of capital goods, like rairoad crossties, for example, of
which this is characteristic--replacement occurs only once. If, on
the other hand, the asset undergoes in service a course of functional
degradation, it may be replaced any number of times, depending on how
.we define separate jobs or work assignments." (1945, pp. 23-24)

Terboréh argues, as we have seen in the agove passages, that an
important channel through which replacement takes place is that of
competition. among firms, whereby the facilities in one firfh may _Héve their
function appropriated, or displaced, thro;gh the competition by facilities:
of another firm. THis prgcess is quite important in itself and will be
developed in Chapter S.

[

5(ii). Joel Dean: Classification of Investments
and Strateqic Factors —-=

Dean (1951) examihes the’ n;turé of investﬁent decisions from a
functional point of view. He finds that investments aré undertaken %or a
u;riety df purposes such as cost reduction, expansion in production of
existing product, intrdduction of new product, quality improvement,
production flexibility or -risk reduction. The source of profitability

enhancement is different in each case. Furthermore, the benefits th;f
. e

arise from investments .are not aiways quantifiable nor are they always
. 3 /

-»
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7

segregatable to any particuldr product segment or division of the Firmt As

a result, the same decision rules cannot be applied indiscriminately to all
types of investments. Since capital investméﬁts possess too many facets to
be adequately described by any one of them, Déan %195{3 has proposed the
following useful four-fold classification of investménts: (a) replacement
investments, (b) expansion‘ investments, (c) product investmepts and (d)
strategic investments, : ) '

/

Replacement investment is expenditure on new equipment that will
&

perform the same task as the old 'equipment.” In replacement decisions, the

source of prafitability enhancement is almost - entirely reduction in costs

of production. He draws a d%stinctioh betueen like-for-like replacements
and obsolesc;nce rgglacement§. Théklatter type of repla;ement iffers from
the first only in that the new equipment's cost superioritj stems from
technicel change whereas %or the former it stems from sheer aging and wear
and tear. Had the innovation not occurred, like—Fbr-liké replacement would

M ,
not have shown an Increase in profitability. In replacement inuestments,

the underlying assumption isvthat. the firm is committed to the continuance

of the same line of activity. Dean, houwever, arques that’other variables
being equal, replacement ifvestments are and should be forced to compete

for funds with alternative iﬁvestment opportunities on the basis of their

3

i

prospective rate of return.

) v
of the firm not only involves ° the

Maximization of the valu

[y

application of the capital budget ,i iférion to neuw. éssets but also to

the entire base of Jexiéiing’asse's,d which brings into consideration the
1 R ~ T ) s
related issue of digﬁbsal of assets. There-are two ways of augmenting thg

IS ¥

v
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profitability of a firm: (a) by directing new funds to projects which
promise the highest yield and (b) by the systématic disposal of existing

»
assets which no longer vyield sufficigpt returns and the redeployment of

©

attendant funds to assets of higher prcspgctive profitability.

In line with Tex?orgh Dean (1951) maintains that the decision to
replace an asset does not stipulate disposal of the dlsplaced ;;;et. The
replaced equipment may be retained in progressively degraded service. Dean.
states that in practice, the volume of disposals is likely to be much
smaller than the volume replacements because assets already owhed are
generally more valuablg in terms of earning power-to the firmsthan in

market salvage value. ‘Market value is likely tb be lower because (a) some
assets are custom built for the firm's purposes, (b) the firm knows more
about the mechanical conditjpn and performance of its equipment than othefsb
and (c) tHere are transfer costs of selling in imperfect markets. In
additioﬁ, ménagement is reluctant to récognize and realize capitél 10SSES o H
through the disposalQ;fsiess productiue'assets preferring rather to spiead-

the loss arising from a 'bad' investment on an asset over future periods

and treating it as an operating expense. Consequently, there is a strong

tendency for assets to be kept in the firm until such time as agingy

)

technical change or changes in demand destroy their economic value for

- =

anything but scrap. ' .

4

Expansion investment is expenditure on new assets which will augment

the éxistind base and expand the volume and range of production. Here, the

‘source of profitability enbancement is not reduction in costs, but

expansion in the volume of activity. Whereas the decision in replacement
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investments is based on a comparison of glternative ways of doing a2 job, it
is based on ?hether or not to do the job in expansion investments.
Estimating the‘éost of doing a job by different means Jr estimating the
cost of building a iarger (or smaller) facility is more reliablé than the
estimation of the additiondl sales and pro%%ts wisfich are to arise from the
expansion. The estimation of sales is subjecéﬁfo higher risk since it is
affected by the resbonse of competitors and future economic @rends.
Consequently, expénsion investment entails a.highef risk than replacement.
Expansion investmenfs seldom occur in a pure form. Additions to
caéacityagenerally embgdy more advanced technology which lowers costs of
production and may improve product quality. For example, a neuw
lithographic printing press may not only add to capacity but may also
improve the quality of exiéting products, add new products on the product
line and reduce costs through lower maintenance costs and reduced labour
requirements. The new capacity may demote existing higher-cost capacity @o

’ f
secondary- or stand-by status and thereby increasing capacity margins.

Product investments are expenditures on new products and improvement

of old products. They coﬁbine features of both replacement and expansioﬁ

.

investments. "The basic intention in adding new products is to take

advantage of economies of scope, that is to eliminate excess capacity
¢

somewhere in the organization and make better use of production facilities
3

or to‘complete the product line. Forecasting of both revenues and costs is

more difficult here than in both replacement and ‘expansion investment.
. ( *
Forecasting sales of a new product entails more risk than forecasting sales

o )

of an existing product. Moreover, forecasting costs can be more difficult
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becau;e often new products make inroads into the markets of the existing
products of the Fir$ either intentionally or inadvertently. Yet there
always remains a question as of whether or not old products would indeed
have not geen displaced by Hew‘products of competitors.

Another aspect of product investments is that they are steeped in
strategic benefits .for othe£ parts of the product line, intangible and
indivisible benefits that are often as important as the measurablé profit
estimates in the decision to invest. Dean (1951) distinguishes between two
types of product investments; famely, mature product investments
(improvem%nts of existing products) and new product investments (additions
to the/product line).

investmenté for improving the quality of existing products may take
the form of rese;;ch and development, engineering design, retoeling of
equipment, promotional activity or even better gquality control. Here,
competitive interactions with rival firms is imégrfadﬁl Dean distinguishes
between "defensivé improvements"--those required to bring the product in
line to the standards of the cempetitor--and "aggressive improvem;nts"
--those upich raise standards above those of the competition. The dividing
line in practice 1is wusually difficult to delineate because competing
products are better in some respects and worse in others. However the
distinction is useful.

The risks 'associated with new product investments are even greatep\

than those for product improvements because there is . no base for

forecasting the sales as well as costs of new products. Here, strétegic
A} -

considerations tend to dominate. Newgproduct investments may” serve several

-
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kinds of strategic ends besides adding to profit. They may be defensive as
. in the addition of préaucts t; meet full-line competition or aggressive, as
in staking out é claim in new areas such as videa-cassette recorders or

\\laser beam turn-tables. ’

' Strategic investments are expenditures wiich have indirect benefits to
other parts‘ of the firm. Even if they show no promise of profitability in
them;elves, they shore up the rate of return in other products\hf markets
or contribdte to the gqeneral strength of the firm. Since the benefits
exhibit strong externality effects across the activities of the entire firm
and in effect are akin to "public goods", it is impractical to apply
stondard capital budgeting criteria in their decision. In addition, the
competitive orientation is important:ﬁnyMz§€‘r;%vestments are either
aggressive gr defensive, depending on uwhether' they lead to competitive
reactions or are themselves reactions to competitors' moves. Dean (1951)
identifies risk-reducing investments in vertical or horizdntal ;E%egration,
investﬁents in research and developmﬁpt, product development and welfafé
investments as being of strategic'orientation. Advertisina expenditures of
an investment character may also ?f~529;{89red even Fhough they are treated

as operating expenses. Clearly, the acknowledgément of these strateqgic

elements yields a profoundly different perspective on replacement.

>
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6. Summany

In this chapter wé have examined non;mgchanistic or eéonomic theories
of replacement and have indicated some empirical evidence suggesting that
replacement investment is a variable responsive to economic Fac;orsf' The
empirical evidence suggests that replacement investment is positively
correlated with the level of cash flow within the firm as well as with both
the levels of expansion and gross investment outlays. Partial negative
coefficients between expanéion and replacement inv;stment were reported but
this substitution effect seems to be dominated by liquiaity and output
considerations (the income effect). 0On the role of capacity utilization
the empirical iesults are inconclusive.

The comsensus is aptly anticipated and summarized by Bain (1939) whe
he says that "the economic life of equipment is analyticélly a variable ..
The reason that equipment is replaced at some particular time cannot
rational%y be that it has ended its 'physical 1life', but that it is no@
longer as economical to the firm as a replacement would bgf, and by Dean
(1951) who argues. that other things beiné#equal, replacement iﬁvestments
are and should be forced to compete for funds with alternativélinvesfﬁent
opportunities on the basis of their prospective rate of return.

A number of wmethodological issues surrognding the definition of
replacement investmeﬁ? are discussed. There is no clear definition in the

literature as to what precisely constitutes "replacement investment". This

issue has been raised by Einarsen, Dean and particularly Terborgh. All -

4
three "seem to agree that strictly defined, “replafement investment" entails

k7

1




(a) like-for-like replacement arising from (b) physical deterioration of

<

Capital assets due to wear and tear (ouﬁput and input decay) which (c)
leags to the simultaneous retirement of the replagéd a;set by the firm
whose purpose in replacing the asset is (d) the maintenance of the
production capacity of itsncapital stock and not its expansion and (ei £he
con?inuance of the same line of activity (that i?’ unchanged capital-output
specificity). Howeder when replaéement investment 1is defined in a more

+

dynamic sense; it loses any semblance to the narrow meaning of the term

replacement,

For example, Einarsen (1938) found 1little connectioh between

replacements and retiremeqts of the replaced a;sets and secondly found that

¥ ‘ .
only 50% of owners replaced their asdets. As pointed out in the preceeding

chapter,  he opted for the term '"reinvestment" which did not impose a,”

constraint on retirement. Dean (1951) decomposed replacement investment

r

into  twe componegts: like-for-like replacement and obsolescence

~

replacement. Unlike the first kind, obsolescence replacement does not
imply the continuance - of the same line of activify by the firm and-is .
generally associated with increase in capacity and change in the guality
and composition of outpuf. . Furthermore Dean does not see any direct
connection between replacement--of either kind--and rétirements. The older

asset may be retained in progressively degraded service because the
) /

»

economic value to the firm, though inferior to the new asset, is still //
supefior to the market salvage value. Since most Fiied assets are

/

specialized in function, custom-built emu%bolted to the ground, transfer '

6osts are, very high. Moreover the market is unlikely to value highly an /

? //

‘
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asseg}it does not knouw--even if organized second-hand markets exist for all

types of capital goods. Terborgh (1945, 1949) argJLs that technical change .

— )
and change in market tastes and preferences predominate over phyical wear

and tear. Assets are continually# displacea by challenger assets of

superior technological vintage. Instead of finding their way to ' the scrap

heap, firms retain capital -assets in progressively degraded service until

“

their economic value is nothing better than scrép: ,Terbbrgh (1948), like
Einarsen (1938), prefers alternative terms sith as M"displacement",

"reequipment" or "remechan¥zation" because they .describe more accur;PQ}y

"the nature of replacement activity in the real world. Since the term

"replacement" has the advantage of common usage Terborgh (1959) decides to
adopt it, but with a different meaning: "we use the word as a synonym for
mechaniiation in general, hence with no implication of Teplacement in kind,

It applies eaually whether the new facility is radically differénﬁﬁfrom
the dncumbent or an exact replica thereof. It applies whether or not the
function it performs is precisely the same."

Thus, the term replacement is wused in two separate though related

senses in the literature: a) like-for-like replacement in the sense defined

above and b) "dynamic" replacement, or reinvestment or mechanization, where

one or more of the conditions specified above does not apply. Doing so0,
however, ;eaves the door open to some important ambiquities. First,
suppose a firm invests }n the conversion of say a newsprint mi}l to a fine

paper mill. Here the old plant is modified, some machines are scrapped,

"others are modified, others are added. The line of adtivity being pursued

in the plant(output-specificity) has changed. To what extent does this




-

indeé%ment represent replacement investment? \fiewed from thé\point’of view
of the pfoducticn capacity it may be classified as replacemeﬁﬁu 4But if it
is now producing a different produtt to what extent is it valgd té‘speak of
replacement?  Should investment in any product new to the ecopomy classify
as réplacement by 'vigtue of the fact that it yepresentS' renewal‘of
production capécity? I do not think anyone would ge that far. By the same

N .
token, how can one conceivably think of an investment to produce a new

product as replacement investment. On the other hana, this investment to

Ld

convert the plant may also be viewed as an expansion investment because,

~

from Hpe point of wview of the firm, it represents expansion in a new line
of activity. Second, suppose) a pulp and paper producer decides to
modernize(a plant and in the process finds that, as a by-product of the
upgfading and mpdernization, hg{can expand capacity by ?D%. Here, by
replacing tﬁe older by more modern and up-to—daﬁé equipment the producer
not only maintains production capacity but adds to it. What proportion of .
this investment represents replacement and what proportion represents
expansion? If the outcome of the investment is to raise capacity, to what .
extent can we then speak of replacement? Third, suppose a firm aads new
equipment:;; a plant while relegating the older equipment to secondary
status. Here it retains the older equipment to meetuexcsss‘demand or as
spare capacity in the qunt of equipment break®own or major repairs: To
what exten£ are the new machines replacement_investment when the older
machines have'notlbeen retired froT service? Fouth,gﬁgyEpdéé a firm

decides to install new more automated equipment in order to tH#er costs of

production anJ’improve its profitability in the face of stiff Eompetition.
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If the older, lessi sophisticated equipmenf are still in exeellent working

g

order and have not reached the end of their useful lives, to what extent

can one speak of replacement investment when the primary motivation of the

- ¢ :
firm in investing in new equipment is profitability - and long-term survival

s

rather than maintenance of capacity? This issue becomes more complicated
v

when the firm introducing the new equipment is a different firm. If a new
- &
challenger firm--by. virtue of superior capital equipment--drives out of the

market the established firm with the older equipment, is the new firm's

_— LS ‘
investment to be considered replacement too? What if this firm is a

’

foreign producer? lLoocked at from the perspective of the domestic economy,
there will be massive “retirement of real capital with no accompaﬁying
investment flows. 7
Clearly then, applying the -te&m replacement in both the traditional
"like-for-like" replacement-sense and the less conventional "dynamic" sense
sé:ves only. to <onfuse the matter and to re-direct the reader'; attention
away from the more dynamic aspects' ,of investment acéivity. R more
meaningful approach may be to use separate terms for éach type of
investment activity. For e}ample, one may retain the term replacement for

the "like-for-like" cases, but substitute the term structural investment

for all other cases where the intention of the firm is neither purely the

expansion nor the maintenance of its production capacity. Wherg, the-firm's

o ——

underlying production technology or product line composition remains

-

basically the same one can speak of expansion and replacement investment.

When .the firm's underlying produd®on technology itself undergaes

structural change or uwhen the firm's composition of output undergoes

44
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significant change, then it is no longer meaningful to continue to use the

terms expansion qr replacement. Here it is more a case of structural

transformation in either capital input or output or both and. therefore‘a
different term, such as structural investment, may % warranted.

Chapter Four and its Appendix further examine the nature of capital
spending ;nd fixed, capital stogk but’ from an empirica} i:ther tgan
théoreticél point of view. Chaptér‘five develops the concept of structural
investmentn and shows that most types of "dynamic‘replacements" can be

better understood and explained in the context of stguctural investment

g - rather than the more restrictive context of replacemgnt investment.

”
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- 1. Introduction v

In the last two chapters we have conducted a critical review of the

" literature bertaining to replacement investment. This review provides only

a limited perspective. Nowhere does it rely on directly measured data onm
4 4
replacement capital expenditures. The few empirical studies uwe have

examined use replacement “data m%ith have been constructed from gross
.capital* investment series using various. theoretical  frameworks.
dnfOrtunately,‘the validity of < the replacement estimates is continmgent on.
the validity of the thggggtical model and the. assumptions used in their
construction. To gain a more accurate and reliable understanding of
replacement one must rely on directly measured data. In,lthis chapter “we
review and analyze all of the available data for investment and capitai
stock that are suﬁplied by statistical agenci%s in Canada. 0:r approach

¥
here is inductive rather #*han deductive.- We see what wé can learn about -

[}

replacement itself and about the context in which it takes pf%ce, directly

from the <data and without being constrainq{ by many theoret}cal

g
presuppositions. .

Our most significant discovery is the existence of a body of data on

non-cagital repair expenditures which corresponds quite closely to "like-
for-like" redTBnement. Tq our knowledge, these data ‘have never been used
in any study of replacement, and they provide us with'a uéique o%sprtugity
to study directly both replacement investment and ,the factors which
condition it, There are also under-utilized data on the purpose of capital .

investment spending which provide us with a deeper ’understanding of the X

. o _ ,




preliminary-actual and actual investment expenditures for both capital and s

& - - 4

WP

Lt ! %
motivation of firms in undertaking capital outlays for replacement ’
- - S .
purposes. Combining these two sources of informatiopn with other data to
examine the patterns of capital spending and the strucgure of capital ;tock

o

in Canada, #few insights are generated regarding the context and factors

# 3
which condition replacements--of bogh §tatic "] jke-for-like" and dyhamig§

¢

\ L S
"unlike-for-like" kinds.

?

The investment data analyzed in this chapter come from two source$:
-

Statistics Canada's semi-annual survey of Private and Public Inwvestmerit: . |

Intentions and Mid-Year Review “(PPI) and the Department of Regional -
- >

R 4,
Industrial Expansion's Survey of Capital} Investment Intentions and Outlays-
- °

(DRIE). The PPI survey is a non—volUntary\survey conducted sihce 1947 and

. )

sﬁéns all sectors of ,the economy. It rtollects data  on. planned,

non-capital repair purposes. The data collected in this survey are Jsed as
- A LS

inputs in the natiomal income accounts for the calculation of gross

domestic expenditure, and in the estimation of gross capital stock using -~ .

the "perpetual inventory" method. The DRIE survey is.a voluntary survey of

about 250 large Carmadian corporations whose capital expenditures account

for about 50% of total capital spending in Canada. The investment data
compiled here closely track thése of . the PRI ;hrvey and therefore are a -
reliable source of information. In effect since 1969./b0th the scope and-
magnitude of this survey have been greatly enlarged’ in 1977 in order to
provide. additional information on the purpose of capitél expénditure§ and

the motivézzan underlying them. ) y l
y ?

The capital stock data analyzed in this chépter are those supplied by

o

ar
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Statistics Canada in t[i Fixed Capital Flows and Stocks. Unlike the
g s )
investment data described above, capital stock data in Canada, %ike most

nations in the world, are not derived from any apnual survey or inventory
7

of fixed durgﬁie assets. Rather, they represent estimates calculated from

N

gross capital investment data using the "perpetual inventory" method, and

are limited by the methodology and the assumptions used in their
construction! ;he Appendix to Chapter Four has been included in order to
describe the nature of this mefhodology and assumptions -and to warn the
reader that these eséimates are quite sensitive to the wunderlying
assumptions, This fact 1is so fwidely acknowledged among the sﬁé%isticians
responsible for their gonstructiqn that in Canada an inter-departmental
task Forée has been set up to examine the feasibility of a quinqueq;ial
capital stock survey as a replacement to the present method.
Unfortunately, ot all ecénomists seem- to Qé aware that capital st;ck déta,
far from representing actual figures, are merely estimates, and imperfect
ones as uwell, Empirical studies which use capital stock data toderive
repnlacement investment demand functions, ifch as those of Jorgenson (1965,
1971), should be regardeg with scepticism. The same applies to studies
which use this approach to partition gross investment in&Q%expansion and
'replacement components. On our paft, we regard this approach as so
speculative ;; to avoid it all together. Instead, we make a mere cautious
use of the available capital stock diﬁa, and then only for saggestive
purposes. - J . i

We examine the structure of capital in terms of its composition

]
(buildings vs. engineering strlctures vs. machinery and equipment) and in



terms of its relationship with output and labour {(capital-output and
capital-labour ratios). This approach is ysed to generate a few insights
which augmeht our understanding of replacement investment.

Kb Fection 2 of this thapter provides a broad overview ©of capital
investment in Canada during the post-war period. Seé&ions 3 and 4 ex;mine
and anal;ze our findings regarding repair investment ‘outlays imn Canada.
Section 5 examines the distribution of plant vs. equipment expenditures in
Canada. Section 6 and the Appendix to Chapter Four examine the structure

of capital in Canada. Finally Section 7 examines and analyzes the data on -

the purpose of capital spending. ¢

3

0

2. Overview of Capital Investment Spending in Canada: 1847-1983

P
Gross fixed-capital formation (GFCF) is defined as any expenditure
incurred on the qonstruction,‘ acquisition and ﬁg;tallation of new capital
goods. A capital or producer-durable good is any man-made good used for
the production - of ogher goods and services which has a durable life,
'_hgenerally of one, year or more. It is considered "capital" because it will
provide a stream of services over a period of time.
GFCF  is divided into private and gublic investment. Also, it is
div;deB into business capital inve;tment kBCI), residential housing capital
invegtment (HCI) and public (govermment) capital investment (PCI). Here we

are only interested in business capital investment (BCI). Statistics

1§% — Canada breaks down capital investment in thrge categories: machinery and
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©

equipment (M&E), building construction and engin?ering construction. The'
two latter components are termed non-residential construction (NRC) and
usually appear under a single heading in statistical publications.
Appendix A provides the definitions given by Statistics Canada to these
categories.

Nominal capital investment data can be obtained for the period 1947-
1983 and converted to real 1971 dollars using separate price deflators for
machinery and equipment and non-residential construction. }hese price
deflators ére, given in Appendix B. To provide a sectoral perspective of
investment activity, the data wgre grouped ' into four 6ajor business
sectors: primary Jjndustries, mi?6gg and construction (PMC); manufacturing
(MFG); 'utilities, communications and transportation (UCT) and trade,
finance, commercial and personal services (TFS). The data were subjeéted
to various manipulations in order to reveal basic patterns in the structure
of investment activity in the post-war period in Canada.

Figures 4-1 to 4-6 provide an overview of business investment actiziéy
in Canada over the long period 1947-1983. Figures 4-1 to 4-3 show the
three principal components of GFCF, namely business investment (BCI),
investment in residential housing (HCI) and public investment (PCI).
Business capital expgnditures have accounted for approximately 63% of total
capital spending, uhile residential housing and public investment have
accounted for, about 20% and 17% respectively. As a proportion of GNP, GFCF
amounted to/;;proximately 22.5% of gross national expenditure wHile the

\
business component of GFCF has accounted for about 16% of the total.
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CAPITAL FORMATION IN CANADA: 1947-1983
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While GFCF exhibited considerable shq:t-run cyclical variation in
relation to GNP--fluetuating between a qﬁarter and a fifth of GNP--no long-
term trend can be discerned in Figure 4-3. .Both GFCF and business capital
invesﬁment, as shares of GNP, have remained remarkably stable éuring this
37-year period. ’,

There Have been four major investment booms during this period and are
clearly depicted in Figure 4-3. The four major gdbms occurred 4n 1955-57,
1964-66, 1873-75 ?nd 1978-81, and they were primarily responsible for the
cyclical fluctuations in the share of GFCF out of GNP. Business investment
has been the most volatile component of the three cofponents, while public
investment has been the most stable. '

Figure 4-4 compares the aﬁQual rate of chaﬁgg in GFCF with that ih GNP
during the period. A positivé correlation can be observed between the two
rates of change. As ome would expect, GFCF exhibited significantly more
variability than GNP, A cloée inspBction 6f the graph also reveals that
changes in GFCF lag behind those in the GNP by about nine months.

Figures 4-5 and 4-6 dqpict the sectoral characteristics gof business
capital investment activity in Canada in the four major business sectorg.

Two sectors, UCT and TFS, are generally classified as services while the

other sectors, PMC and MFG are classified as non-manufactured goods and

manufactured goods sectors, respectively. MFigure 4-5 exhibits the pattern
of change fpr each sector during the post-war period while Figure 4-8
exhibits their relative contribution (shares) to business capital

Anvestment activity. These shares reveal impdrtant patterns of change

taking place during the period. First, although capital investment in.

/
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PIGURE. 4-5

REAL BUSINESS GFCF BY MAJOR SECTOR:

1

1947-83
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PERCENT DISTAIBUTIAN OF BUSINESS GFCF BY

MAJOR SECTOR: 1947-83
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manufacturing (MFG) rose in absolute terms, it has been exhihiting a strong
3 ;

A

downward trend as a share of business capital investment. From about a

‘third of" capital spending, it has droppsd tova little over a fifth of the

total. The shgft, 1is most pronounced since 1966. Second; capital
investment in e trade, finance and services (TFS) sector has\risen in
both absclute relative terms. The increase has been most pronounéed
since 1971. THgrd, capital investment in the utilifies, communicatiaaggénd
transportation®sector (UCT) has been rising in absolute terms but remained
constant in relative terms at about a third of business c;pital investment.
Capital invesé%eht in the non-manufactured: goocds secéor (PMC) has been
rising in absolute terms throughout the surveyed period but it exhibits a
mixed trend as a share of business capital, inv?stment. Although it
declined in relative terms until 1975, ’it has been accounting for an
increasing share of total investment activity since then.; This development
can be explained by the increase in capital spending of the energy sector
which took place.since the 1973 OPEC-induced increase in the world price of
oil. The mining and construction industries were major beneficiaries of
energy-related investment activities (oil and gas exploration, production

and pipeline censtruction).

3. Repair Expenditures and Replacement Investment
in Canada: Some Fundamental Clarifications

~

In addition to capital expenditures, Statistic Canada has been

(-
collecting and publishing data on non-capital "repair expenditures" in its

~d
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v ' ) \ r
:livate and Public Investment survey. These data which have been collected

continhously since 1847 form an integral part of the investment sufvey. In-
i

fact, repair expenditures are collected in the same format and same degree

of detail as capital expenditures, and are thens added to capital

expenaitures to produce a "total" picture of investment activity in Canada.

Appendix C illustrates,%he format and the magnitude of repair expenditureg

as they have appeared in the publication Economic Review.
Repair expenditures are defined by Statistics Canada as “non-

TN
capitalized outlays made to maintain the "operating efficiency of tﬁgp

existing stocd of durable physical assets. ~These repair and maintenance

expenditures exclude howeverz the routine care of assgts such as oiling and
cleaning of machinery. Where the repair costs are large enough to
materially lengthen the expected‘serviceable life of assets, increase .its
capacity,or ofherwise raise its pfoductivity, they are treated as capital
expenditures on new constrﬁction or new machipery and equipment"1. As a
reason for their inclusion, Statistics® Canada cites the followings "by
including these outlayé, a more compléte picture is provided of all demands
likely to Ee made on labowr and materials in accomplishing the investment
program.” These repair eipenditurés do not represent a trivial sum and
should not be ignored in the investment literature, especially when it
concerns replacement investment. Repair expenditureé‘ represent a

staggering amount, accounting for 60% of capital investment expenditures in

the Canadian manufacturing sector and over 37% of business capital

L See the "Introduction" and "“Statistical Notes™ of PPI Survey,
Statistics Canada, Catalogue 61-205, for any year.
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investment in Canada, in 1984 for example.

What tA;n are these "repair expenditures" and do they represent
replacement investment as it is conceived in the economic literature?.If wé
examine the definition itself, they are expenditures whose purpose is to
maintain the operating efficiency of capital stock intact. This definition
is exactly the same as that piven for réplacement investment in the

literature! Consider for example:

"At each point of time durable goods decline in efficiency, giving
rise to needs for replacement in order to maintain productive
capacity." (Jorgenson, 1974, p. 190).

.and

"Potential replacement investment is defined to be that quantity of
investment currently required to maintain capital stock." (Nickell,
1978, p. 116).

! -r

From the definition alome then, it is clear that repair expenditures are in
. - 0
fact replacement investment.

To--confirm the’ a&ove, we sought expert opinion froﬁ industry
practitioners themselves. Those responsible for collecting the inférmation
at étatistics Canada were wasked as well as officers responsible for
supplying the information from the rgporting firms themselves., Officials
at Alcan Aluminum Ltd., Domtar Inc., Shell Canada Inc.,hthe_ Canadian Pulp
and Paper Association and the chartered accounting firm Coopers and Lybrand
were conta;ted. The consultations confirmed our theore;ical expectation

and served to clarify why these expenditures which are in essence

replacement are called "repair expenditures" and charged to operating

accounts as opposed to being capitalized.
/ .




102

Unlike what meny @coromists would have us expect, assets are not made

of a‘§ingle component but of a multitude of different componenﬁs which wear

out at different rates. If a single component wears out, the asset is

rarely scrappedwunless all other, particularly the major components have
alsolmorn out! }n order to maintain the operating efficiency of the entire
asset, the firm will replace the worn or d;maged component by a new one,
and charge the expense of the compaonent plus the cost of labour and
materials necessary for its restoration as a "repair expenditure" to an
operating account. UWhether the expense is charged to a capital account or
not does not alter the nature of the activity. Thus, Qhether a particular
expenditure will be classified as a "repairﬁ;xpenditure" and charged to an
operating account or as a "capiéal expenditure" depends on-how one defines
the asset. To quote from one authoritative accounting textbook:

"The replacement of specific parts, however, is a function of the unit

or composite selected for depreciation, and the distinction betueen

replacements and maintenance is dependent upon the amount of the

agg§egation and the selected® composite life." (Hendriksen, 1882, p.
3B4).

.
Hendriksen uses an airplane to illustrate his point. An airplane can

be regarded as a single asset or, alternatively, it can be decomposed into
three separate assets: the airframe, the engines and the interior fittings.
In the firs£ case, periodip replacements of engines or intérior fittings
will be classified as M"repair expenditufes." In the second case, such
replacements will be classified as capital expenditures. In either case

however, they are replacement expenditures which maintain the operating

efficiency of the existing asset intact and contribute towards the




attainmment of the originally expected service life of the asset.

Defining some related notions will further help cl;rify the iégues
involved here. Ffollowing Hendriksen, the term maintenance generally refers
to"the normal upkeep of property in an efficiept opergting condition and
includes normal recurring repairs such as cleaning,.oiling; adjusting and
replacement of minor parts. Such routine mainte&gnce expenditures should
not be confused with "repair expenditures" discussed above. They are
excluded from Statistiés Canada's definition of "repair expenditures"z.

~The term repair refers to the restoration, after damage by accident or
prolonged use or disuse, of a fixed asset to its full productive capacity
without increasing the previously estimated service life or capacity of the
asset. Repairs are generally of two types:'(a) the adjustment of an asset
or working parts and the labour necessary to‘ restore a damaged or worn
component to its origimal condition, and (b) the replacement of one or more

parts of an asset with new parts without replacing the entire asset.

The terms additions, improvement and _bettemments and major

replacements refer to expenditures which result in (a) an increase in the
s

life of an agset--that is, an increase in the number of years over which

services will be obtained from an existing asset, (b) an increase ip the

guantity of services to be obtained in each year during the remaining life

of an asset, and (c) an increase in the qﬂality of service to be abtained

in each year during the reﬁaining life of the asset. In such cases,

N

2 ‘hey are collected as part of a separdfe survey and appear as
"maintenance and repairs" in the publication Corporation Financial
Statistics (Annual Catalogue 61-207, Table 2B, line 14). They generally
account for 30% of non-capital repair expenditures.
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accounting standa;bs emand that they be capitalized. In practice,

however, classifying an exXpendifure as a repair or an improvement and

betterment may not always be clear-cut. An expenditure program may combine

elements of repair, betterment and additions. Consimﬂg the following

examples:

P

"Improvements and betterments are more difficult to define than
additions... If the result is an increase in quantity of service
provided by the assets, it may, in fact, be difficult to distinguish
improvements fram additions. A truck may be improved by adding
overload springs and a larger bed, thus permitting heavier payloads.
The result may be little different from the acquisition of a trailer,
which would be considered an addition. On the other hand, many
improvements may result in an increase in the quality of the service
provided by the smsset."

"Major replacements are the most difficult to define and treat
properly because the effect is similar to that of minor replacements
and normal repairs. If arr asset 1is made up of a single unit, a
replacement invcolves the entire asset; in this case, the solution. is
simple--the old asset is retired and the replacement asset is recorded
"as'a new asset. But in most cases, plant and equipment items are made
up of several units that wear out at different rates. Recurring
repldcements of parts of the asset can be charged to operations in the
» years in uwhich they occur because they are necessary to ohbtain the
expected service life of the composite asset. ... Major replacements
that occur infrequently, however, need to be capitalized so that all
periods will be charged with a portion of the replacement costs."
(Hendriksen, pp. 354-55).

Therefore, it is evident from the above that "repair expenditures"
which have been collected in Canada for over 40 years are in fact

e *  replacement expenditures. This is an important finding, because as far as -~

I -

we Rnom these figures represent £he only body of data we have on actual

replacement  expenditures. ° In  addition, it contains significant

implications on how we view gross investment and replacement investment in

: ‘ particular, Let us 1list some of these implications. .First, unlike tyhat,.p

i
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many economists  expect , not all replacements are capitalized. Judging

from the ‘magnitude of Mrepair expenditures"™ in relation to capital

- .

expenditures, it would seem that in fact the bulk of replacemerts do not

_occur at the composite asset level, but at the component level and are

s

therefiore expensed and not capitalized. Second, to the extent that one
chooses to define replacement in the strict sense of "like-for-like"
replacement, "repair expenditures" by and large represent "like-for-like"

A}
replacement as it is conceived and defined in the literature. Third, to

‘ 3

the extent that replacement investment is actually charged to operating

accounts, then capital investment figures ignore replacement investment and

in fact seriously understate the actual volume of investment spending in

the economy.. It shggests that (a) the actual level of investment as
v

defined by economists (thaf is, net plus replacement investment) has been

significantly higher than the one indicated by capital figures alone and

(b) that both "nmet" and "replacement" components must be much greater than
hereto believed. fgurth, it suggests that theoretical or econé%etric.
approaches which use capital stock data to imgute‘ replacement in;esyment
démand and then Pubtract it from.gross capital spending to deriye expangion

demand have been completely off the mark and therefore their resul

ay be
completely erroneous! A review of the pattern of "repair expenditures" in
Canada and their relation to "capital expenditures" done in.the next

section will fgrther serve to augment the plausibility of this assessment.

! .
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4, Repair Expenditures and Replacement
-Investment in Canadas: 1947-1983

\

In. this section "repair expenditures" are treated as replacement
investment and have beer added to "capitél expenditures" to obtain a more
complete view of in&estment activity in Camada. Repair expenditures are
added to capital exp?dditures for the businress sector of the economy to
derive a measure of "total business investment" (TBI).

Figures 4-7 to 4-10 progide a rare perspective on the patterns of
repair expenditures (replacement investment) and capital investment
expenditures in Canada, for the period 19&7-1913. Figures 4-11 and 4-12

provide a-similar picture but for the manufacturing sector, and then anly

for the period for which detailed information is available, 1960-1984. For

»

a more detailed picture the reader is refered to Figures 1 to 20 in

Appendix D which provides similar information at the 2-digit S.I.C. level
of the Canadian manufacturing sector.™

Examination of Figures 4-7 to 4-12 reveals the faollowing features: (1)
the level of repair expenditures has been very.stable in relation to'
capitgl experiditures, rising gradually from 2.25 billion (1971) dollars in
1847 te9 a little over $6.0 billion in 1983. Over the saﬁe period, capital
expenditures have risen at a much higher rate, rising from about $3.54
billion in 1947 to $23 billion in 1981, before settling to $18 billion in
1983 (see Figures 4-7 and 4-11). (2) The vari;bility of repair
expenditures has been sﬁbstantially lower than that of capital é&penditures

(see Figures 4-8 and 4-12). Yet, in and of i§§elf, repair spending has

fluctuated considerably, but genmerally not exceeding the range of +3%0% of _

.
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FIGURE 4-7
REAL BUSINESS CAPITAL INVESTMENT VS REAL BUSINESS REPAIR
' INVESTMENT: 1947-1983
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previous year's level. (3) The annual rate of change in repair expenditure
) . .
is positively correlated to botH the rate of change in capital spending and

~

GNP (see Figures 4-8 and 4-9). (4) Repair expenditure, as a share of total

" businmess investment, has. exhibited a secular decline over the period,
falling from over onefthird in the late 1940s to just above one-fourth in
the early’ 1980s (see Figu¥e 4-10). The cyclical troughs in the share of
repair expenditures shown in Figure 4-10 are due to Eyclical expansions in //
the levels of capital spending, and correspond to the previously cited four

major investment booms of the podt-war period. N

These Findinés are all consistent with what a reasonable theory of

replacement investment would predict. UWhile repair expenditure seems to be

associated with past investment outlays (that is, with capital stock), in

F

the short-run it seems to respond to the same kind of economic %actors
which affect capital investment. The decline in the share of repair out of
total investment may very well be due to the fact that, with high positive
rates of capital spending, the ayerage age of the ecﬁﬁomy's capital stock
is decreasing and therefore thede is less need for repair expenditures.

If we treat Jorge;son's (1985) proportional replacement hypothesis
(PRH) as a lqu-run theory of replacement and allow the timing of repair
expenditures to vary in the short run in response to short-term economic
influences as the empirical findings of Eisner (1972) and Feldstein and his

/
associates (1971, 1874) suggest, the data on repair’ expenditures contained

e e i v R ————— Y AT, 193 = bRy A 6 G IR £ TR, ST P

in these figures is quite consistent with this eclectic view.
Figures 4-13 and 4-14 provide another sectoral perspective on repair

3 expenditures. The first of these ) displays the levels of repair

(
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expenditures while the second presents a disaggregated version of Figure
4-10, and thus sths the share of each sector's repair investment out of
total business investment.

Examination of these figures reveals that the repair share of‘gotal
investment differs both among sectors and over time " for each secto£: The
share of repair expenditures is highest for manufacturing (MFG) averaging
about 33% of total businesé investments, and it is lowest for trade, -
finance and sertvices (TFS) averaging about 13% of £he total in the 1970s.
The other tuwo sectors'~ repair shares have been alternating during the
period and stand at about a guarter of total business expenditures. This
shoms.that the morphological characteristics of capital stock are different
among sectors at this considerable level o% aggregation. In addition the
repair share of total investment in manufacturing has remained relatively
cﬁnstant over this 33-year span at 33%, while the respective shares of the
other sectors have exhibited varying degrees of secular decline.

The decline in the share of repair out of total business investment
thus seems td be due to developments outside the manufacturing sector. The
relative constancy in this particular sector reflects a lack of budyancy in
investment as compared to that occuf?ing in other SECt%TS'

»

R !

3 See also Figure 4-11.




]
E
L - e
> s @D 0N
= s @ @) e
¥
+ el 11
- v~
Yot oo ]
- | w0
. O~ m - ae@PP
5
V el ad ad - -
]
h —r-o w » - e
ki 2
. P e —eh)
- ~eODIzp M..u -
> =4 3
m el lad 2 .-wm © l.wlc’
b I~ 3
" - e~ —~arety
“ - ve T e - . -r
e L]
So Y Y- 1] . -
Ro u b ~or~o
N ao L 110 4 -
"ﬂ‘ - el 117 i - " 0 e L1 ]
~ 3 -
s —DOr ) M.nnv . Zhatatdnd
™ o - OO -
- & . w nw  ~owr -
TE, , oooe £ B8 g =
&g L] - o0 - O = . V F ~oee -
w \ S Om
m ﬂm we -~ VO ¢ L] R \ b e
o fR L] E ~oon & U
.v... “S * . e RO - = /
L SRR moo  EE men
2 ¢ a 3 -~ a il L
'w oo M
m. - eOMN® n =] ol T
& - OV w
3 el -1
« - MO =
. Wy w - s DN
- ~ON0
-~ e~
= = @NN
N
M - @ NN
! - SN
e
— - wemIN
' = ce @I
« e @fies |
a'lLLxens OF HEHL , - Trrvrerry -ﬂdqlﬂdudkd <<<<<<<< & ey - —®no
8 & 2
- P LWELDWEr MITEEW




115

5. Distribution of Plamrt an¥ Equipment Expenditures

Investment expenditures--whether for capital or repair purposes--are
composed of two broad categories: construction expenditures for buildings

and engineering structures or plant investment, and expenditures on

machinery and equipment or equipment investmegg. Statistics Canada and the
LY

Department of Commerce in thg U.S.A., collect separate figures for these

components, Plant investment consists of constrouction expenditures on
industrial bgildings, of fdce buildings and commercial buildings (stores,
restaurants, etc.) and on all types of engineering structures such as
roads, dams, transmiss;on lines and‘pipelines, as well as oil drilling and
mine *instal;ations. Equipment ipvestment consists of all types of
machinery, and equipment wused either in producing goods or pgduiding

services. Examples are transportation, construction and agricultural

. N * . . 4
equipment, general industrial machinrery (pumps, compressors, furnaces,

J etc!) custom-désigned industrial machinery, metalworking machibgry, steam

and electrical engines, fabricated metals (pipeé, valves, boilers, etc.),
materials handling equipment, as well as office and photocopy equipment,
communications equipment, computers, data processing equipment, food
processing and packaging equipment, among others.

Figures 4-15 to 4-22 and Appendix E of this chapter pfovide
information on the éompositiﬁn of business investment by plant vs.
‘equipment expendifures.“ﬂi;m! figures 4-15 to 4-18 plot the levels of plant
and equipment capital spending. in constant (1971) dollars for each of the

-four major business sectors of the economy during the 1947-1983 period.
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Figure 4-19 shows the percentage share of equipment capital investment out
of total capital spending for each sector. Figures 4-20 to 4-22 provide

information on equipment and plant shares for the manufacturing sector out

of total investment (capital plus repair) for the period 1956-1984,-

Appendix E decomposes the information on equipment shares to the 2-digit
S.I.C. level for 20 manufgpturingﬁiﬁdustries.

Examination of these figures inéicates that each sector of the economy
exhibits its own distinct composition of real capital. The equipment-to-
plant mix wvaries cogsiderably across sectors and industries, as well as
across time. It is highest in manufacturing (MFG) at about 65-75% of
capital spending; lowest in utilities, communications and transportation
(UCT) at about 35-40% and next lowest in trade, finance and services (TFS)
between 45 ang 55%. The equipment-to-plant ratio for the’ primary goodé,
mining and construction sector (PMC) is a composite of industries m%th
widely difzerent ratios. iniﬁgriculture it averaged 78.4% during 1970-;9;
in forestry 54.1%; in mining 54.8% and in construction 88.9%4. Significant
variations in the equipment-to-plant ratio are also in evidence among

-

2-digit manufacturing industries. The lowest is the petroleum refining

industry with about 28% in the 1970-80 period while among the higher are

pulp. and paper, primary metals, metallic minerals, knitting mills and

textiles imdustries with about an 82-85% equipment-to-plant raﬁios. Tables

’

4 See Statistics Canada, Current Economic Analysis, September, 1984,
Catalogue 13-004 E, Volume 4, No. 8.' The same variability is found in the
trade, finance and other service sector. The corresponding equipment
ratios are 65.5%, 14.2% and 77.3% respectively.

5 Appendix E at the back of this thesis provides additional detail for
20 manufacturing industries.

-




FIGURE 4-19
PERCENY DlST?lBUT!ON OF BUSINESS MACHINERY AND

ENDITURES ,

QUIPHENT EXP
BY MAJOR SECTOR

1947-1983
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l FIGURE 4- 20
“© Percent REAL CAPITAL & REPAIR EQUIPMENT EXPENDITURES
1 (%) vs. TOTAL INVESTMENT EXPENDITURES: .
* MANUFACTURING, 1956-84
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° FIGURE 4-2)%
LANT TO EQUIPMENT RATIO IN REAL REPAIR
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4-1 to 4-4 in the next section show the partition of capital stock in

Canada by equipment, building structures and engineering structures in
1981, and provide further evidence of the degree of wvariability in the -
equipment-to-plant mix across industries. This evidence clearly indicates
that each industry is defined by 1its own idiomorphic capital-input

hﬂ_;fructure. Wide differences are evident among industries.

® The composition of fixed capital input requirements does not_only vary
across industries but varies over time among industries 'and sectors as
well. During the period 1947-83 there is a clear trend in favour of
equipmént in at least two sectors of the ecomomy. . In manufacturing, the
equipm?nt—to-plant ratio rose secularly from about/ﬁﬁ% in the early 1950s
to 75%”iﬁﬂthe early 1980s. This pattern is evident for virtually all of
the 20 two-digit wmamufacturing industries as well, as can be seen in

Appendix E. The same process took place in the trade, finance and services
;éctqp where the equipment-to-plant ratio rose from about 45% to 55% over
the same period. In the utfiities, dbmmunications and transportation
sector (OCT)‘ the equipment-to-plant mix seems to have remained stable ovg;
the period at about 45%. In primary goods, mining. and construction (PMC),
and opposite trend is in evidence for the ratio of equipment expenditures
to total capital spending declined from about 70% iﬁ the 1950s to S0% in
the 18970s and because even less in the early 19805. One of the important‘
causes of the decline in the~ equipment-to-plant mix in this particular
sector was de&elopménts in the oil and gas sector, particularly since 1974,

Between 1976 and 1983 the equipment ratio fell from over.55% to under 40%,

largely due tp increased mining exploration and development, which is

3
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classified as non~residential constructiqp; In the late 1970s exploration
and development\ spending accounted for over 0% of non-resident{gi
investments. -

What may account for the secular rise in the equipment to plant ratio
in the manufacturing and trade, fin;nce and'services se;tor% Two hypotheses
may be advanced to- account for this change: First, the shift fi favour. of
equfp%ent can be explainéd by changes in the composition of fixed capital
input requirements over time. For example, to the ex£ent that changes in
technology and/or competition induce firms to substitute capital for labour
or substitute & more advanced capital for less advanced capital
(computer-controlled machine tools vs. manually-operated machine tools),
£hen one is likely to observe a positive capital spending program pimed at
upgéading, re-fitting and modernizationt Since investment on on-site
replacements and modernizations is primarily oriented toward equipment, one
would expect that in mature industrial sectors like food, tabacco, rubbe;,
textiles, wood, pulp and paper, printing, metal fabricating, transport
equipment and metallic minerals, there would be a higher rate of up-grading

and modernization investment and hence an increase in _the equipment to

plant ratio. This is born out by the data. While the share of

B}

manufacturing investment dropped from over a third to a little over a fifth
of total capital sbending, the share of equipment to plant has risen from
about 65% to 75%. This trend is evident all across the twenty two-digit

manufacturing industries, as illustrated by the Figurés in Appendix E.

7

& Statistics Canada, Current Economic Analysis, September 1984, p.
xvii.. : -
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Data on the purposes for which investment is undertaken collected by the

. Department of Industrial. Expansion in Canada?} since 1977, as well as

similar U.S.A. data collected by McGraw-Hill, provide powerful confirmation
of‘£his hypothesis. The share of rzﬁ}bcement and modernization has risen

from 27.4% in 1977 to 43.7% in 1985 in Canada. The share of new-site

[

expansions dropped from 21.8% in 1977 to 5.0% in 1985, while the share of-

investment for purposes other than expansion or replacement rose from 17.7%

to 31.5% during the same period.
Statistics Canada, in its analysis of current economic developments in

Canada8 is one of manyg commentators on this trend:

"The fact that exporting industries are anxious to improve
productivity is reflected in machinery -and equipment outlays;
increases in the latter  type of investment and cuts in non-
residential construction are planned (for 1984) by the paper and
allied and the machinery industries. The wood industry, whose
capacity utilization rate is at pre-recession levels, intends to boost
both types of investment. . The drive to increase productivity
rather than capacity seems to be widespread among other manufacturing
industries and other sectors (excluding mining exploration and
development). ,

L
R more detailed analysis and discussion of these developments is given

1

in’ Chapter 5. At this ﬁbint we can generally note the grgdual

transformations taking place in manufacturing: the shift from labour-

.

L See Tables 3-1 and 3-2 of Chapter 3 and Tables 4-5 and 4-6 of
Section 7 in this chapter. -

8

xvii.

LStafistics Canada, Survey of Current Busipess, September, 1984, pp.

d They are too many to mention in detail here, but some include
Schnorbus (1985) of the Federal Reserve Bank of Cleveland; the Department
of Industrial Expansion and McGraw-Hill investment intentions, ‘surveys,

Business Week, among others.




' shop-floor automation (computer-aided manufacturing) has risen from about

g 125
operated machine tools to numerically-controlled (NC) and hsomputer-
numerically-controlled (CNC) machine tools; from rigid méss-pfodugtion to
flexible mass-production, and to increased faétory -automation such as
computer-aided design and manufacturing (CAD/CAM) and robotics. Busingss
Week (June 16, 1986) recently published the results of a survey undertaken

by Dataquest, a market research firm. It reveals that investment on

$6.8 billion U.S. in 1980 to $15.4 billion in 1985 in the U.S¢A. Such

expenditures, uhich have more to do with productivity enhancement than

capacitx_expansion, are expected to double by 1990 to $32.2 billion.

The second reason that may be given to account for the increased share

of equipment over plant expenditures is the non-neutral treatment accorded

to equipment and structures by the tax system. -Investment in equipment can
be depreciated over two ~years for tax purposes while investment iﬁ‘plant

can only be depreciated over five vyears. This provision, effective in
&
Canada since 1972 along with other similar provisions temporarily applied

0 as well as similar législation in

in Canada during the 1950s and 1960s
the U.5.A. (Tax Reform Act of 1963, Revenue Bet of 1971 and Econaomic -
Recovery Tax Act of 1981) may have favoured investment inm equipment. UWhile
there is some empirical support for the U.S5.A., see for example Aaron,
Russek and Singer (1972), there is little conclusivé evidence for Canada.

To the extent that the fax laws have favoured equipment spending over

investment in plant, the effect is likely to be small in relation’ to other

additional capital spending in Canada see Matziorinis (1979, 1980) and
1lintzas and Rowley (1980, a,b).

-

1 ‘ .
0 For aﬁmgre extensive discussion of tax provisions enacted to induce

Mat21or1nls,
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factors. It is our belief that tax factors have exercised a positive but.

small role in the shift to equipment, at least in Canada11.

‘Figures 4-20 ta 4-22, unlike the previous set of figures, include both
capital and repair expenditures on plant and equipment. They reveal thag
the shift in favour of equipment is also evident for repair expenditures at
least in the manufacturing sector during the 1965-1984 period. When repair
expenditures ' are examined separately, the plant-to-equipment ratio has
dropped from ovef 27% in the late jgsgiﬁto about 16% in the early 1970s.

Some fipal comments are in order. ‘ The shift. in the equipmept-to—
plant ratio taking place may be causing a gradual shortening in the average
life of capital gtogk and might hold significant consequences for future
replacement spending. Secdndly, since a much higher proportion of
machinery’and equipment is importéd into Canada, compared to buildiﬁéé and
structures which are supplied‘ domestically, the sh;ft towards equipment
also hélés significant reéults for final domestic demand in Canada and the
balance of éayments. The trend tomardgbequipment seems to favour foreign

suppliers of capital goods.

P

11 The tax treatment of capital expenditures differs considerably
between Canada and-the U.5.A. Provisions in the U.S5.A. have been generally
much less gemerous than-corresponding Canadian ones and they have been only
gradually broadened. It is quite possible that the further liberalization
of tax provisions over the years in the U.S5.A. may have played a more
significant role .there than in Canada, where provisions were more generous
from the outset.
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6. Capital Heterogeneity and Functional Specificity
- RN

-

This section examines the morphological properties of capital stock in
Canada. Capital investment refers to the acquisit%on of durable goodé
which are wused for QFurther production. No analysis of investment is
complete without a look at on‘mhat investment dollars are spent and aF what
use thesé capital goods are inténded to serve. It is well known that fixed
or "real capital"--as opposed to money capital--is a genéfic coﬁcept

- defining an agglomeration of heterogeneous units of capital, Capital goods

are heterogeneous not only in terms of their physical properties but in
terms of their functisygz’ purpose as well, Each ty8§ of capital good can
~only be used for a 1imited number of purposes. We shall refer to this as

functional specificity of capital.

The theory of investment, as it presently stands, almost aluays
ignores morphological charactzristics of capital. It is often based on the
assumption of a quantifiable and homogeneags capital stock. By its
restricted }orm, it can only deal with quantitativé\ capital change,
investment, disinvestment and rep}acement but it cannot deal with the
chaqge in the composition of ‘capital stock. This is auwkward since
&eplacement inveétment cannot be properly understood if the morphologic

properties of capital Fbrmétion are not considered. /

Clearly mirneral extraction utilizes different types of equipment than

v,

Y
leather goods manufacturing; automobile manufacturing utilizes different

types of equipment than chemical process firms; and aircraft production

utilizes different types of equipment than steel p}oduction._ Everyone

¢
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would agree that production functions differ from industry to industry and

X

ongn from one firm &:. another, in the same industry. A useful
classifiﬁ&iicn is proposed by Orucker (1974). He distinguishes four majér
types of production processes: (1) rigid maas-productibn (building
- materials, iron and' steel); (2) flexible mass-production or batch
productionn (automobiles, appliarices, furniture, clothing, shbes,
cosmetics); (3) continuous-process production or flow production (petrgleum
refining, chemical’ products, pd@p and paper, alumina, aluminum, nickel,
glass, cement, beer, mi;k); (4) unigue-product production (steam turbine,
ship-building, satellites, space vehicles, engineering,v accounting and
professional services, building and engineering construction). We consider
this classification more extensively in the next chapter. It is evident
that di%ferent_products require different amounts of capital input (r;gid
mass-production and - continuous-process production are far more capital
intensive‘ than the others); dif%ereﬁt levels of skill and technital
expertise (rigid mass-production does' not require skilled labour uwhereas
uniqué;product production éoes); and different rates of capital utilization
(oil refineries and aluminum smelters opgrate 24 hours a,éay, 7 days a week
throughouf a year whereas the others cease work over night, on weekends and
holidays)12. Capital goods themselves also are produced qoods. Further,
most buildings and engineering structures are custom-made as are many types
of machinery and equipment (turbines, boilers, furnaces, among others). 0On

the other hand{ capital goods like vehicles, trucks, standardized machinery

[}
-

;2 For an insightful analysis of capital wutilization ses Marris
(1983). . . : ' ‘
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?
and equipment like machine tools, computers, typewriters are mass-produced.
The purpose of the foregoing discussion is to emphasize the diversity

~

of producer durable equipment in the economy, and their functional
specificity. Appendix F reproduces the standard forms used in Japan for
their capital stock survey. It contﬁins a vast list ofudifferent capital
Qoods used in the production of different products. WNo such list is
available for Canada which wouid permit collection of capital stock data at
a finer degree of detail, although the feasibility of setting up a survey

to collect such data is presently under consideration, see Koumanakos et

al. (1983).

From the 1little data available in Canada, tative effort
to provide some general information on the morpholopy f of capital stock.
The approach used is to derive capital-output (K/Q) ratios ;nd
capital-labour (K/L) ratios for different sectors and major manufacturing
industries, as well as to compute that percentage share of capital stock

for each industry which is composed of buildings, engineering structures

and machinery and equipment. The y;ar for which these data have been

%

computed is 1981. As we are only interested in differeﬁtial structural .

properties, the ‘actual level of values computed is not as important as the

differences‘in the levels of these wvalues across major sectors of the

economy and across major industries in the manufacturing sector. Given the

high level of aggregation of the data used in these computations, the
conclusions though wvalid:are bnly suggestive at this stage of analysis.. A
much finer degree 6ﬁ detail is Trequired before we can adequately map the

.

morphology of capiﬁél stock in Canada.
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Measuring the capitaH}outppt (K/Qi and capjtal-labour (K/L) ratios of
the economy- is not a simple matter because of definitional and measures
issues. lWe are not concerned here with the theoretical issues but rather
with more practical issues of measurement of capital stock and also with
its validity as used in econometric models of investment. The issues are
significant and bear directly on the subject of this thesis. For a
complete review of the capital stock measures, methodology, assumptions and
issues see the Appendix to this Chapter,

" The approach used to compute capital-output (K/Q) and capital-labour
(K)L) ratios is determined by availability of data and our congfraint on
computational costs. As a measure of capital we use Statistics Canada's

gross fixed capital stock (mid-year). This measure of capital is derived

using the perpetual inventory methaod. It uses data on gross capital
investment over a periig’of years along with estimates of service lives; it

assumes a one-hoss-shay retirement process13. Statistics Canada also

derives measures of pet capital stock, i.e., gross capital stock minus
accumulated depreciation, Here we use the gross concept of capital stock,
because even though depreciation” id deducted for accounting purposes,
capital goods are still retained in the capital stock and continue to yield
capital services in each current period. To the extent that repair
expenditures maintain the productive efficiency of capital stock intact,

gross capital stock is a more appropriate measure of the flow of the

{

13 The meaning and implication of these)assumptions and the nmature of
the perpetual inventory method are discussed in the Appendix to this.
Chapter. ; o
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economy's capital services in the short-run14. Furthermore, as is shown in
the Appendix (Tables 4A-5 and 4A-6), gross measures of capital stock are

’ b
more robust to different assumptions regarding service lives and retirement

patterns than are net measures.

OQutput is defined as real value added or real gross domestic product
(GDP) at 1951 constant prices, and is based on the s;stem of national
accounts, Statistics Canada breaks down GbP by major‘ sector, aéd
industries, " at both the two and three-digit S.I.C. level for each
industry15. Direct labour 1is defined *as non-salaried, hourly paid uage
earners, as estimated’by Statistics Canada in its publication Employment,

o

Earnings and Hours18. The amount of labour employed in an industry

ipcludes two categories. Direct labour: which involves workers diréctly
engaged in the production process and therefore tied to the production
function. Indirect labour consists of administrative, clerical and sales
workers, who are not directly engaged in the production process.
Differences in the ratios of direct-to-indirect labour across industries is

likely to affect-our estimates. Direct labour is a more appropriéte

measure of labour input ‘for our purposes than total labour employed:

However) the employment data compiled by Statistics Canada are not broken
N,

down along “this line. Rather, Statistics Canada compiles separate series

. N .
14 Net capital stock is more appropriate as a measure of capital stock
services "stored-up" in the capital stock and therefore available for
future periods.

15 See Statistics €anada, Gross Domestic Product by Industry, (Annual
Catdalogue 61-213). - . . .

16
" 213,

v

Statistics Canada, Employment, Etarnings and Hours, Catalogué 61~

¥ )
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for salaried and non-salaried Yabour. We shall use the non-salaried series

as a. proxy for direct labour because direct labour is predominantly

¢

remunerated on an hourly basis.

Tables 4-1 and 4-2 present our estimates of capital-output and

.

capital-labour ratios across different sectors of the Canadian economy and
across the twenty major m;nufacturing industries comprising the
manufacturing sector. Before we examine these results, a numper of
qualif&cations are in order. First, these results are subjébt to
statistical measuremeht errors in all variables which is unavoidable.
Second, the results depend on the quality of our capital stock estiéa&es.
As the Appendix to thi§ chapter makes clear, our estimates of capital s&ock
are sensitive to the methodology and the assumptions ‘used in tH ir
derivation17. Unfortunately, due to lack of census or survey type data,
there is no way of validating our capital stock figures. Therefore, aur
estimated values here are only as good as the capital stock data used iin
their construction. Third, our’' labour daFa are not in the ho%t
appropriate\ form needed for calculating capital-labour ratios. What %s
needeq ideally, is a measure of direct labour only and should be adj?st%d
for working hours. As already mentioned, sufficient sectoral data én
direct labour are not available. The capital-labour ratios ctalculated in

¢

Tables 4-1 and 4-2 differ, in that the former use total labour as compared

with direct labour. Fourth, both capital-output and capital-labour‘-ratiqs

v

~

17 The perpetual inventory method used by Statistics Canada values
capital stock in terms  of the historical or acquisition cost.
Alternatively, one can value capital stock in terms of its market-value or -
insured value. Also, an alternative to relying on investment time series
is the survey method used in Japan. . f

@ - ] . /

N |




TABLE 4-1

FIXED CAPITAL INTENSITY IN SELECTED SECTORS OF
CANADIAN ECONOMY, 1981

133

Gross Direct & Capital Capital -

Domestic Indirect Output Labour

Sector Product Labour Ratia Ratio
Millionms

1971 § 1971% 1971%
Agriculture 3,189 --, 8.06 -
Forestry 768 51,000 2.89 ‘(43,529
Fishin;‘ 180 Ce- ‘ 4,47 -
Agricult. Fores. & Fish 4,148 - h 8.9& .-
Mining 3,272 164,900 — 11.39 225,913
Manufacturing 26,078 1,657,40Q ' 2.65 ‘ 41,738
Construction 7,448 224,300 0.85 21,543
Air Transport 1,607 &8,006 1.66 55,625
Rail Transport 2,080 114,600 7.29 130,977
Urban Transport éBS 34,400 8.50 70,484
Ripelines 486 - 14,77 --
Broadcasting % 31,800 -- 42,286
Telephones 3,646 116,700 8.75 179,614
Electric & Gas Util. 3,924 117,800 13.66 454,898 °
Trade (Retail & Wholesale) 15,213 810,200 1.08 17,787
Fina;ce, Insurance ’ 16,013 ~ 397,900 1.26 50,709
Commercial Services 23,861 691,900  0.85 29,310

L3

SOURCES: Statistics Canada, Fixed Capital Flows & Stocks, 13-211

Gross Domestic Product by Industry, 61-213

oy

o

- Employment, Earnings and Higgs, 72-002
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. : TABLE 4-2

FIXED CAPITAL INTENSITY IN CANADIAN MANUFACTURING

) r‘) SECTOR, 1981
!

134

Gross Capital Capital GDP per
Manufacturing J Domestic . Direct Output Labour Direct
Ingdustry Product Labour(l) Ratio Ratio Labour

. Mmil. $
1. Food & Beverage Products 3,236 - 174,400 2.51 46,600 184555
| g 2. Tobacco Products 207 4,700 1.43 63,000 44,043
| 3. Rubber & Plastic Prod. 875 18,600 1.65 77,700 47,043
o 4, lLeather Products 193 20,300 1.15 10,900 9,507
5. Textile Mills 8g0’ 439,500 2.36 42,500 17,980
6. Knitting Mills 207 15,800 1.20 15,800 13,101
- 7. Clothing Mills 7486 73,300 0.41 4,200 10,177
8. Wood Industries 1,213 64,600 2.83 53,204 18,777
9. Furniture Industries & 492 30,600 0.86 13,3800 16,078
| *+ 10. Paper & Allied Indust. 1,966 890,600 5.25 113,900 21,700
- 11. Printing, Publishing #17586 44,900 1.16 41,400 35,501
| 12. Primary Metals 1,972 89,100 4,78 95,230 %,QDD
i 13. Metal Fabricating , 2,144 90, 600 1.46 34,700 23,665
14. Machinery - 1,732 53,4060 1,02 33,100 32,435
15. Transport Equipment ) 3,090 125,600 1.83 45,000 24,602
16. Electrical Products 1,872 73,800 1.18 30,000 25, 366
17. Non-Metallic Minerals 8383 36,100 3.84 85,100 24,737
18, Petroleum & Coal 264 8,900 18.75 556,200 29,663
19. Chemicals & Chemical 1,769 40,300 5.16 226,500 43,896
20. Miscellaneous Manuf. 724 50,3800 0.94 13,400 14,224
Total Manufacturing 26,078 1,665,800 2.65 58,300 22,370

SOURCES: Statistics Canada, Fixed Capital Flows & Stocks, 13-211
Gross Domestic Product by Industry, 61-213
Employment, Earnings and Hours, 72-002

employees.

‘\/“‘

Note 1: Direct 1labour 1is defined here as wage-earners or non-salaried
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are sensitive to Fluctﬁations in the level of production. For example,
variations in the capacity utilization rate significantly a%fect ;hé
capital-output ratio over time. The measured capital-output ratios rise
during recessions and fall during expansions. Since we are only interested
in cross-sectiomal differences in the capital-output ratio, the magnitude
of errors from this source are likely to be small to the extent that all
industries are uniformly affectéd by fluctuations 1in the general level of
business activity. The results presented in Tables 4-1 and 4-2 seem to
provide a reasonable view of structural patterns o# capital use**in the
Canadian economy.

Tables 4-1 and 4-2 show that capital intensity, measured by either the
K/Q or the K/L ratio, varies considerably among sectors and manufacturing

industries. Measured in real 1971 dollars, the four most capital infensive

sectors are pipeline transportation (K/Q ratio of $14.77), electric and gas.

utilities (%$13.66), mining ($11.39) and agriculture ($8.06). The four

least capital intensive sectors are ccnstruction'\($0.85), commercial and

A}

persoﬁél services ($0.85), retail and wholesale trade’ ($1.06) and findnce,

insurance and real estate ($1.26)18. For the manufacturing sector, the

18 The curious result that the construction sector's K/Q ratio is only
$0.65 may have to do with the fact that a high proportion of equipment used
in this sector is leased. One estimate by Koumanakos et al. (1983) places
the proportion of leased assets in this industry to 46.6% of total assets,
in 1979. Since assets are classified by industry of ownership rather than
industry of use in the capital stdck statistics, the utilization of capital
in construction may be substantially higher than the one measured here,
while the corresponding figure for finance, insurance and real-estate,
where Jeasing firms are classified, may be dower. The growing practice of
leasing in recent years may introduce significant errors in the
distribution of capital investment and stock across sectors, but would not

affect the total for the economy. Ones estimate of Koumanakos et al.,

(1983) for 1979 places the capitalized value of equipmentleasingat $12.3

S

e
L
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~__ Capital output ratio is estimated at $2.65.

Aithough wide diversity in capital-output rd%iog is in evidence
sectorially, it conceals an even greater diversity at a lower level of
aggregation. Table 4-2 presents capital intensity indicators across tuenty
major manufacturing industries. There capital intensity varies from a high
of $18.75 in the petroleum and coal products iﬁdustry, to a.low of $0.41 in ~
the clothing industry. An amalysis of the .data shows that very wide

diversities are also evident among ébg;industry groups which are not shouwn.

The four mast capital intensive mapufacturing industries are petroleum

and coal products {(capital-output ra paper) and allied'

industries (%$5.25), chemicals and ¢hemica
«

oducts ($5.16) and primary
metals ($4.78). The four least capital intensive industries are clothing
($d:41), furniture and fixtures ‘ ($0.68), miscellanecus manufacturing
($0.94) and machinery industries ($1.02). -

The above figures providé strong evidence of differences in the'
structural composition or morphology of capital among industries whichn
validate our underlying assumption that the capital stock incorporates

\ structural patterns. To the extent that these structural patterns are
linked to the pattern of investment ané espébially "replacement"
investment, far-reaching implications for the theory of\investment and

replacement investment in particular are embedded in the composition.of

cdpital. . N

. -
billion for all industries, equivalent to 5.1% of gross book value of
assets other than buildings. ’

L
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Tables 4-3 and 4-4 reveal another dimension of the structural
composition of capital. - Gross capital stock is paftitioned into its three
components: buildings, engineering structures and machinery and equipment.
The percentage shareL\out of total gapital has been computed for each
coqunent by sector and major manufacturing industry.

In five sectors, there is no investmen% in engineering structures:
agriculture, highways, grain elevators, finance, insurance and real estate
and commercial»;nd personal services. Of the rest, the fi&; sectors with
the highest proportion of engineering capital are, respectively, water
systems (95.8%), pipelines {87%), mining (869.7%), electric and gas
utiiities (68.2%) and rail transport (84.7%). The five sectors with the
lowest proportion of engineering capital are, respectively, construction
(0.8%), air transport (1.5%), motor transport (2.5%), retail and wholesale.
trade (3.%%) and agriculture, forestry and fishing (6.1%). .

Turﬁiﬁ; to machinery and equipment, the following F}ve sectors §ccount

for the highest proportions. ‘They are, respectively, fishing (93.9%), air

transport (83.9%), construction (80.4%), motor transport (75.6%) and

commercial and personal services (70.6%). The five sectors with the lowest

pdoportion of equipment ‘éxpeﬁdizares are, respzctively, water systems

(3.1%), pipelines (7.1%), fimance, insurance and real estate (11.8%),

highways (12.4%) and mining (19.9%). ,

In the manufacturing sector, 60.2% of total capital stock consists of

machinery and equiphent, 26.6% of building capital while the reaaining

10.3% is engineering capital. Within the manufacturing sectdi, as shown in

Table 4-4, one again observes substantial variation-in these shares among
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~ TABLE 4-3

NDRPHDLIé; OF FIXED CAPITAL IN SELECTED SECTORS OF
CANADIAN ECONOMY, 1981.

Buildings Engineering Machinery
“as % of Structures & Equip.

2 Gross Gross + as % of as % of
Capital Capital Gross Gross
Sector , Stock Stock . CapitaT Capital
— Millions
T TR % %

Agriculture 25,708 39.8 0.0 60.2
Forestry 2,220 6.7 58.7 34,6
Fishing . 849 0.0 6.1 83.9
Agricul. Forest. & Fishing 28,777 3.0 4.8 59.2
Mining ) 37,253 10.4 69.7 19.9
Manufacturing 59,176 26.6 10.3 60.2
Construction . 4,832 18.8 0.8 80.4
Air Transport . 2,670 13.8 1.5 83.9
Rail Transport ) 15,010 5.4 B4.7 29.7 _
Water Transport ) 4,096 6.2 37.3 56.1
Motor Transport, . 1,814 20,2 2.5 75.6
Urban Transport ’ 2,425 15.4 54,7 . 29.5 -
Pipelines ) 7,172 0.2 87.0 7.1
Highways . g L 928 87,6 0.0 12.4
Grain Elevators 1,025 73.0 0.0 26.7
Broadcasting 1,345 19.3 21.9 - 58.5
Telephones . 20,961 6.2 33.9 59.6
Electrjc & Gas Utilities . 53,587 1.8 68.2 29.9
Wat ystems 4,461 1.2 95.8 3.1
Retail "& Wholesale Trade 16,190 48.9 3.6 44,0 |
Finance & Insurance 20,177 88.2 ; 0.0 11.8
Commercial Services 20,280 28.4 0.0 - 70.6

SOURCE: . Statistics Canada, Fixed Capital Flows and Stocks, Annual Catalogue,
13-211.




v . TABLE 4-4

MORPHOLOGY OF FIXED CAPITAL IN CANADIAN MANUFACTURING
: SECTOR, 1981

X

\ Gross .. Buildings Engineering Machinery
, Capital as % of & Equip.
Stack Gross as % of

Manufacturing (Constant Capital Gross

Industry 1971 $) Stock Capital(1)
1. Foods & Beverage Products 8,124 35.3 1.1 61.4
2. Tobacco Products 296 40.5 1.4 55.1
3. Rubber & Plastics 1,445 .8 1.2 - 63.3
4, Leather Products 222 52.7 2.7 - 42,3
5. Textile Mills 2,102 28.0 0.3 63.8
6. Knitting Mills 248 16.1 0.0 -~ 81.2
7. Clothing Mills 307 28.3 0.0 69.4
8. Wood Industries 3,437 22.2 &4 69.7
9. Furniture Industries 425 40.0, 0.0 58.6
10. Paper & Allied Industries 10,321 25.2 4,5 66.9
11. Printing, Publishing, etc. 1,858 26.4 0.1 71.5
12. Primary Metals 9,434 30.3 3.2 62.5
13. Metal Fabricating 3,141 35.2 1.9 60.3
A4, Machinery 1,767 35.6 1.1 60.7
15. Transport Equipment 5,648 27.4 3.5 ~56.1
16, Electrical Products 2,210 30.3 1.4 = 65.9
17. Non-Metallic Minerals 3,432 27.8 2.1 65.3
18, Petroleum & Coal 4,950 3.2 79.8 16.2
18, Chemicals & Chemical 9,128 21.0 18.5 57.1
20, Miscellaneous Manuf, 682 - 42,4 2.0 52.8
PToFal Manufacturing 69,176 26.6 10.3 60.2

SOURCE:

Note 1

Statistics Canada, Fixed Capital Flows and Stocks,

Catalogue 13-211).

-t . »

1984 (Annual

Percentagés do not add-up to 100% due to "capital items changes to
operating expenses"; they range between 0.8 and 4.8%.

e
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industries., Five industries employ virtually no engineering capifal:

textile ‘and knitting mills, clothing, furniture and printing
publishing. The four industries with the highest proportion of engineering
capitai are, respectively, petroleum and coal products (79.8%), chemicals
and chemical products (18.5%), paper and allied industries (4.5%) and wood
four industries with the lowest proportions are

industries (4.4%). The

food and beverages, machinery, rubber and plastics and tobacco products
(1.1% - 1.4%). .

The five industries with the highest proportion of equipment capital
are, respectively, knitting mills (81.2%), printing and publishing (71.5%),
textile mills (69.8%), clothing mills (69.4%) and paper and allied products
(66.9%). The five industries with the lowest proportion of equipment
capital are petroleum and coal products (16.2%), leather products (42.3%),
miscellaneous manufacturing (52.8%), tobacco products (55.1%) and chemicals
and chemical products (57.1%).

The picture that emerges from these tables is the extemsive diversity ﬁ .

-in both the amount of capital and the tzgé of capital emplo¥ed across

As we show in the next chapter, the

industrial sectors of the ecoromy.

morphology of capital is of "essence in the understanding of the investment

\

pooces$s.,
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7. Purpose of Business Investment ) .

3

¥ i

The customary approach in economic‘ theor}g has _been to distinguish
between net ‘6; expansion investment and replacement investment. One
component exbaéds pgoduction capacity while the otier ﬁaintains intact the
production capacity in the face of wear, tear and obsolescence. This tuwo-
fold categorization of investment 1is conceptually appealing and déeply
entrenched. In practice, however, the world does not fit neatly into this
categorization. If oné\ approaches the issue inductively through
observation of the real world of economics, rather than deductively as is
prevalent, one finds that, firms invest for a variety of purposes, so the

distinction between expansion and replacement is not always operationally

valid and is indeed subject to a number of limitatigns.,

a

pronouncements of firms concerning their objectives are to be believed,

firms are motivated by a variety of factors in their capital investment

decisions. Firms incur capital expenditures not only to expand or sustain

_capacity, but to improve profitability, withstand competition, improve

growth prospects, introduce new products,.-modify - or improvemexisﬁing

products, retool for the production of new models, improve pollution

emissions into the environment and improve the - quality of the work

environment especially occupational health and safety. Thus, when firms

invest, it is not aiways to add or sustain existing production capacity but

also to alter the structure of fixed capital assets and achieve these other

objectives. /

What makes the foregoing more interesting is the fact that in practice
ho ‘
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it is not always possible to distinguish betwgen expansion’ ‘and other

objectives due to overlapping. A pulp and paper producer for example, may

décide to modernize cutdated equipment partly to reduce water pollution in
a tourist area, pa;tly to substantially improve labour productivity, partly
to achieve some expansion of its production capacity. The weight given to
these various factors is a matter of judgment. Here, we are not dealing
with a simple set of mutually-exclusive altermnatives but with mutually-
inclusive arrays of alternatives which are combined and yield composite

outcomes. When one approaches the matter inductively from field

. a

observations one does not find Just a "black or white" distinction but many
shades of different and interesting colours.

In this section we présent data on fixed capital expenditures by
purpose. In 1977 the Canadian Department of Regional Industrigl Expénsion
(DRIE) began a systematic classification of capital'expena;tures by purpose

as part of 1its bi-annual Survey of Capital Investment Intentions and

Qutlays. This was not the first time this was done. The Economic Council
of Canada has recognized this issue in some of its work, for &xample in its

now discontinued Medium Teérm+ Capital Investment Survey.. The Economics

\
Department of McGraw-Hill has collected information on expansion versus

modernization investment since 1950, and information on expenditures

devoted to automation since 19855 in its well-known Spring and Fall Surveys

of Business Plans for New Plants and Equipment. Although McGrauw-Hill's

data are the oldest, the,survey of DRIE provides a broader classification
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by purpose of inuestment1g. In European countries = the classification of
investment by pqréose is more common practice, especially in Sweden, France
and German;L'(This long-established practicé by prestigious institutes such
as .the IF0 Institute for Economic and Business Research in the Federal
Republic:of | GCermany testify to the validity of distinguishing among the
various purposes of capital outlays with their different motivations and
effects. ;‘

Table§ 4-5 to 4-8 provide a rare, at least for Canada, perspective on
the purposes for which firms commit capital expenditures. éroadly speaking
these purposes fall'into three categories: (a) capital (investment which
does not entail an expansion of capacity (research and development capital
\ expenditures; pollution abatement expenditures and work environment related
expenditures); (b) capital investment whose primary purpose is an expahsi;n
of facilities (expansion facilities at existing sites and expansion of
facilities at new sites or greenfield expansion) and (c) capital investment
whose primary purpose is upgrading and replacehment of existing facilities.
It should be remembered that expansion at existing sites and up-grading and—
replacement always leads to some--often considerable--expansion of capacity
while expansion wusually entails some degree ofdhp-grading and replacement.
In practice a pure distinction between the two is untenable. o

Table 4-5 indicat#s that over the 1977-86 period 32.5% of total

LY

spending was devoted to expansion of facilities at existing sites; 33% to

expansion at new sites; 19% to up-grading and modernizatin; 4% to research

19 For a description of the survey see any DRIE April and October
Capital Investment Intentions Survey (DRIE, Ottawa). Also, see Chinfen
(1982, 1984) and Byleveld (1981). -
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o TABLE 4-5

CAPITAL EXPENDITURES, BY PURPOSE: CANADA, 1977-1985
(Percentage Distribution of Tatal)

1
'

.«

! e

- | ' ‘4977 1978 1979 1980 1981 1982 1983 1984 1985% °
Resrch. & Devel. 0.7 1.1 0.8 0.8 0.8 1.1 1.2 1.5 1.3
Poll. Abate. - 2.3 2.3 2.8 1.8 1.6 1.8 2.0 1.4 1.7
' Work. Environ. . 0.5 0.7 0.6 0.6 . 0.7 0.6 0.6 0.7 0.7
. £

Exp. of Facil. - ; . .
Existing Sites ¥26.8 30,7 28,9 30.3  42.2 35.7 34.8  35.1  34.0
Upgr. & Replac. 8 ’

i of Exist. Facil. 16.8  21.2.  17.6 17.6. 17.2 16.4  19.5 22.2 24,2

i .

Exp. of Facil.- ,
New Sites’ 47.6 2.1 40,1 35.8 26.6 3.5 31.0 22.8 20.5
Other** 5.2 14,9 _ 9.2 13.0 10.6 9.8 10.9 16.2 17.6
TOTAL 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0

*Figures'for 1985 only are intentions as of April, 1985
*¥*¥Includes capital spending_op retooling and plant conversions, among others. -

SOURCE: DRIE, Business Capital Investment Intentions Surveys, April 18978 to April 1985
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and 'development, pollution abatewent and work environﬁ%nt. 11% was devoted
to purposes other than the above! Certaln trends over the period are also

visible. The share of new-site expansions (greenfield expansions) has

tended to decline while the shares of expansion at existing sites,

up-grading and replacement and "other" have all tended to rise.
s -

Table 4-6 provides sfmilar information. Here; a different pattern is
¥
at work. The expansion share of cadpital spending in the manufacturing

secteér is significantly lower when compared to the economy im general. It

qyérages 43% over the period versus 65.5% for the economy in general
\
(manufacturing plus non-manufacturing). The® share of up-grading and

replacemeng on the other tand is substantially higher for manufacturing.

It averaged 36% as compared to 19% for all sectors. The same is true fof
the éther sharés: research and development, pollution abatement and working
enviéonment spending is 8% while investment for all other purposes is 13%
of the total manufacﬁgring capital épending. Clearly, the manufacturing

#
" sector exhibits different structural® characteristics as campared to

non-manufacturing. This result serves to reinforce our earlier

conclusions. Fjj

a «*

»

Another interesting pattern clearly evident over the period 1977-1986
is that the share ng expansion investment has been rapidly diminishing
(from 54.9% in 1977 to 24.8% in 1985), while the up-grading and replacemént
share has been rising (from 27.4% to 43.7%). The share of investment for
_ all other purposes has also been rising (from 17.7% to 31.5%). This new

evidence is entirely consistent with that presented eérliér, namely, that

»

manufacturing investment has lagged in relation to that of other sectors;’

3

-




TABLE 4-6

\

(Percentage Distributisn of Total)

CAPITAL EXPENDITURE SHARES IN CANADIAN NANU#ACTURING, BY PURPOSE: 1977-18985

”"st\:*‘
1977 1978 1979 1980 1981 1982 1983 1984  1985%
’ 8
Resrch. & Devel. 1.3 1.4 1.4 1.3 =- 1.3 2.2 4,4 6.4 4,2
Poll. Abate. 6.5 4.9 3.7 3.8 4.4 5.3 gftr 1.9 1.8
work. Epviron. 1.1 1.6 1.2 1.4 1.3 2.1 2.1 2.4 2.0
Exp. of Facil. :
Existing Sites 33.1 32.0 33.1  33.8 36.3 26.7 24,9 27,2 18.8
; Upgr. & Replac.
’ of Exist. Facil. 27.4 31.0 36.3 31.4 33.5 36.7 38.8 44.9 43,7
l Exp. of Facil. /\3
New Sites 21.8 17.6 12.9  18.1 14.1 15.3 6.3 3.9 5.0
Other <;\ 8.8 11.6 1.4 10.0 9.0 11.7 19.7 13.3 23.4
’ TOTAL 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0

*Figures for 1985 only are intentions as of April, 1985

SOURCE: dRIE, Business Capital Investment Intentions Surveys, April 1978 to April 1985

+
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that the share of repair expenditures in the manufacturing sector is higher
than those of others; that the proportion of equipmept to plant
expenditures has been higher than that of other sectors and rising over the
period. For example, the share of greenfield expansion has dropped from
21.8% in 1977 to SQU% in 1985. Since greenfield expansions engage a
greater proportion of investment in buildings and engineering structures,
one would expect the share of plant to equipment expenditures also to féil
over the period.

Why the shares of expansion investment are higher in the non-
manufacturing sector « and the corresponding shares of up-grading and
replacement lower there can be accounted for by the fact that investment
outlays are dominated by ﬁijor greenfield projetts of electg}city and gas

utilities and of firms in theé petroleum production and distribution sector.

For example, -electric utilities typically devaote about two-thirds of their

total capital spending to greenfield expansion projects while in the oil

and gas sector the ratio is about 50% as described by Byleveld (1981) for
exéﬁple.

The above data reveal thaf there is a major structural change in
pragress in the Canadian manufacturing sector. New-site expansiop projecﬁé
are declining in favour \of on-site expansion and modernization. Industry
specialists attribute this switch in the orientation of fixedzinvestment ko
two factors. ‘The first of these is that spending on advanced equipment and
the modernization of existing equépment maﬁéﬂét possible to achigve higher
production within the same or even smaller factory space. The automobile

and pulp and paper industries are a case in point. "In, 1980, the forest




products industry in Canada devoted as much as 70% of its capital program

to modernization andﬂ/replacement of facilities ardd less than 15% to
expansio%. The chemical industry on the other hand reguires new sites in
search of burgeoning markets or to be closer to feedstock but nevertheless,
prefers to maintain an existing site so long as it is possible to expand
capacity there by widening bottlenecks in an often continuous production
process. The second factor has to do with the spreading use of NC
(numerically controlled). and CNC (computer numerically controlled)
equipment, the spread of computer-aided design and engineering,
computer-aided flexible manufac&uring systems and the introduction of
robots in the automobile and other industries as described for example by
Byleveld (1981), McGraw-Hill (18982), Statistics Canada (1984), Canadian

Manufacturers' Association (1982, 1984), Schnorbus (1985), Time {1980) and

Busf%ess Week (1986 a,b).

Table 4-7 provides a more detailed breakdowa by major industry group
of trends in the composition of capital spending in the manufacturing
sector. Bétween 1977 and 1985, the expansion share of business investment
(on-site and greenfield expansions) dropped from 50% to 24.6% while capital
spending For.up-grading, modernization and other investment Tose from 40.9%
to 67.5% of total spepdingzo. The forest products industries and the
transportation egquipment indust;ies have the highest share of non-expansion

investments. ‘0f interest is the very high proportion of "other" investment

-

.3

20 "Other" spending excludes spending on R&D, pollution abatement and
work enviromment. It groups all other miscellaneous purposes of investment,
spending and includes spending on special tools like dies used in the
automotive sector.

-
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TABLE 4-7
CAPITAL EXPENDITURES IN CANADIAN MANUFACTURING, BY PURPOSE & INDUSTRY: 1977 & 1985
1977 1985

. Capital¥ % Share ¢ Share ¢ Share Capital % Share % Share % Share-
Industry Expenditures Expansion Upgrading Other** Expenditures Expansion Upgrading Other**
Food & Beverage ) 172.1 47.0 48.3 0.0 53.1 33.3 %8.0 2.0
Forest Praducts 644.9 37.3 43.4 = 0.9  1,066.7 15.9 B4.4 16.5

‘ -

Primagy Metals 563.0 73.0 13.6 12,2 1,132.6 38.9 44,0 5.9
Chemicals ' 426.4 73.4 14.7 7.1 420.9 42.3 44.9 3.6
Transportation Equipment - 343.9 40.0 20.2 35.4 1,256.9 8.6 19.2 69.5
Other Manufacturing 413.9 49.6 32.1 10.4 1,035.5 T 25.7 46.9 1.7
Total Manufacturing 2,564.2 50.0 32.9 8.0 5,443.7 24.6 44,3 23.2

* In millions of current dollars

** Represents capital spending for purposes other than expansion, upgradjng, R&D, Pollution Abatemen

Intludes re-tooling & plant'conversions.

H

SOURCE: DRIE, Business Capital Investment Intentions Surveys, April 1978 and April 1985.

A

and Work Enviromment.

=

-



in the transportation equipment sector (35.4% in 1977 and 63.5% in 1985).
These are expenditures directly linked to model change-over in the
automobile industry and are incurred to adapt production facilities to the
production of new models. Table 4-B translates these shares to capital
‘éxbenditqre‘figures to reveal the magnitude in current dollar terms of
investment for purpases other than expansion. Thus, the expansion share is
relatively smgll and of | decreasing importance 1in recent vyears while the

remaining expenditures--given their extremely high magnitude--could not

possibly all be accounted by pure "replacements". Clearly, a major

proportion of capital spending is incurred for purgggss other than pure

expansion or pure replacement.

In 1983, the Canadian Manufacturers' Association undertook a special

'survey of its members to gauge reactions to fiscal measures enacted in the

November, 1981 Budget. 394 firms participated in the survéy. Their
responses are instructive of the shift in corporate investment abjectives

currently in process. The folidming” guotations are from a letter of the
ot -

CMA addressed to the then Minister of Finance, Ehe Honour@ble Marc Lalonde:

oy e
NV

"One important piece of information flowing from this survey is the
dramatic swing in investment plans by’ purpose. . According to
Statistics Canada, ' in 1982 manufacturers invested $7.5 billion in new
machinerx and equipment, while $2.5 billion was invested in buildings.
From our survey results, extended to the total manufacturing sectar,
plans for 1985 show an even greater emphasis on machinery and
equipment compar®d to buildings. The investment focus is obviously on
productivity and new and improved products and processes.

—

L£learly this is an important consideration when viewing the
relationship between manufacturing capacity’ wutilization .and
investment. Indeed, it is because considerable manufacturing capacity
< remains idle that investment in modern machinery becomes so very
important. Manufacturers can only maintain existing jobs, and create
new ones, if they are able to put in place best-practice, state-of-

¢
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the-art equipment to keep pace with competition throughout the world."

To emphasize these points, subjective comments on the survey by CMA -

members included in the letter were the following:

1. ™ye are like many other market sectors not solely trying to invest
in capital assets for the purposes of increased capacity but are
addressing the areas of productivity and firm efficiency. Our
largest expenditures, even during the recessionary period, were to
increase prodagtivity."

2. "Capital investment in our business is made in order to keep pace
with competition throughout the world. It must be made in order
to improve productivity, enhance guality and maintain
competitiveness. Capital investment is absolutely necessary if we
are to survive in the long-term."

3. "de're embarking on two projects even though uwe are currently
operating well below full capacity. Manufacturers cannot merely
wring their hands and worry about ‘idle capacity. They must do
whatever 1is necessary to fill their plants and frequently this
will mean new products and investment in Additional capital
equipment.” -

b
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1. The Measurement of Fixed Business Capital Stock

The concept of capital stock has been used for a number of purposes.

It is used in the short-run production function at the fipm, industry and

.

/ngzégate level. It is also used in growth models and is—used to estimate

changes in prqductiuity. Further, it is used to measure both capacity
utilization‘%Qd total capacity as well as being extensively used in the
theory of investment. Most empirical formulations of the investment demand
function rely on alternative versions of a "cagpital stock adjustment"
model. The quality, and perhaps the validity, of much of our empirical and
theoretical results must therefore depend on the quality of our measures of

the féal stock of capital. It is thus important that we critically examine

~the nature of the assumptions and measurement procedures which underlie our

-1

measures og real capital sjgck. .

Most countries in the world measure their stock of hfixed capital
assets1. In the United Stétes and Canada, such measurements have been
undertaken by public agencies as well as by a number of private
investigatorsz. Public (agencies responsible for such measurement are the

Bureau of Economic Analysiy (BEA) in the United States and Statistics

¢

1 seefOECD (1976, 1983)

‘ 2 Among the private studies in the U.S.A. are Boddy and Gort (1973,
1974); ‘Christensen and Jorgenson (1973); Coen (1980); Vreamer (1961);
Denison (1957, 1974); Jack Faucett Associates Inc. (1973, 1975); Goldsmith
(1962); Hickman (1965); Kendrick (1976 a,b) and Tice (1967). All of these
studies utilize variants of the "perpetual inventory" method. For brief
descriptions of thém see Young and Musgrave (1980). In Canada, Hood and
Scott (1957) and Lithwick (1963) have undertaken measurement of celbdal
stock., - ' ’
7
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CanadaB. The most widely used method of measurement of capital stock is

known as the "perpetual inventory" method, developed by Goldsmith (1951).
This is the method utilised by both\BEA and Statistics Canada.

The M"perpetual inventory" method uses data on gross investment over a

petiod of many years along with estimates of service lipes--the perfod of

;ears over which an asset is expected to yield productive services-~to

calculate the gross stock of capital. Gross stocks at thg beginning of any

year are obtained by cumulating gross investment in prior years and

subtracting from this accumulation the qross investment in those assets

that have completed their useful lives and are deemed to have been

discarded or withdrawn. Depreciation charges are derived by applying a

depreciation rate to gross stock. Net investment 1is equal to the gross
investment for the period minus the amount of depreciation for the period.

i
Net capital stock for a period is the difference between cumulated gross

investment and cumulated depreciation on that gross investment. By

applying an investment goads price index over the period spanning the
i
accumulation of gross investment one derives a constant dollar measure of

both, gross and net capital stocka.

\

3 The BEA estimates are published periodically in the U.S. Department
of Commerce Survey of Current Business. See Musgrave (1976), Grosse,
Rottenberg and Wasson (1966) and BEA (1967,1969). The Statistics Canada
(1967) estimates can be ‘found in Fixed Capital Flows and Stocks,
Manufacturing, Canada, 1926-1960 - Methodology and Statistical Supplement
{two volumes), catalogue No. 13-522; Fixed Capital Flows and Stocks, 192B-
1978, catalogue No. 13-568 and annual catalogues 13-211. For estimates of
%anad?'s capital stock utilizing alternative assumptions, see Koumanakos

1880).

4 For detailed descriptions of the measurement process according tové
the '"perpetual inventory" method, see Young and Musgrave (1980) and-
Statistics Canada Catalogues 13-211 and 13-522. . .

¥
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As can be seen from the above description, the "perpetual inventory"

N ¢

method does not take inventories of capital stock at the end of period t

and” at the end of period t-1 to compare them as is the standard accounting

\

,,,,,,,,,,,

valuation problems make this approach difficult, aside from the potentially

high cost of conducting anmual surveys of capital stock. Instead, these

problems are circumvented by treating total capital stock in periods t or

t+1 as the sum of the increments in every precgeding year. The advantage

of this procedure is that it neQer fails to yield estimates of capital
stock, year after year. The diéadvantage is t?at errors in the estimation
of any particular year's increment in capital stock reverberate throughout
the capital stock time series. In the absenceﬂof any periodic checks,
there is no way of knowing the extent to which our estimate of capital
stock may have déviated away from actual values. Alterngtives to the
"perpetual inventory"® method are annual surveys of physical assets, surveys
4‘of book values and surveys of insured values. .

Now, let us examine the vaﬁiablés uséd or implied in the calculation
of gross capital stock according £o the "perpetual inventory" method. They
“ include (a) historical time series of current dollar gross investment by
type 5f_investmeﬁt (usually machinery and equipment and buildings and
strdctures); (b) pricé indexes pertaining to th; types of investment; (c)
data on the "average economic life" of capital goods, tha% is the length of
time Qh?ch, on average, simiggr capital goods remain in useful economic

service before discarding or scrapping occurs; (d) an assuﬁption.pegarding

-the retirement pattern of discarded capigel* gooés; (e) an assumption

¢ \

-
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A
regarding the pattern in which capltal goodg/ﬁ/br901ate, (f) an asgumptlon
regarding quality change in the stock of capital goods over time and (@)

the method used’in the valuation- of capital goods.

L

4
2. Service Lives

N,

Data for the average length of time that a given type of asset remains
in use 1in a given industry are crucial in the determinationggf the capital
stock. Clearly, shorter service lives result in a smaller estimatq of
capital stock than longer service lives. Data on service lives Qsed in the
calculation of both the United States and Canadian capital stock data are
mainly based on the U.S.A. Treasury Oepartment's Bulletln nEn Tables,

P}

issued in 19&25. These data have been ‘k’supplemented to a minor extent by
<]

Department of Aériculture actuarial studies in the U.S.A. and by the data

from the Department of Tradg and ‘Commerce in Canadés. The Bulletin "F"

estimates of average service lives are not based on a census or survey type
i

inUestigation. Rather, they reflect the Treasury Department's Eercegtlon .
ﬁ@,, . .

United States Department of Treasury (1942)% Bulletin "F" Tabl%s of

S&eful Lives of Depreciable Property, Wwashington, D.C., U.S. Government

Printing Office. In 1962, "the Treasury Department issued revised

guidelines which allowed service liveg 30% to 40% shorter than those used

under Bulletin "F". See U.S. Department of Treasury (1962) Depreciation:

Guidelines and Rules, Publication No. 456, U.S. Govermment Printing Office.

o .

6 See Department of Trade and Commerce (1949), A Study.of Deprgciation
of Machirery arfd Equipment Containing Estimates of Value of Domestit
Disappearance and Average Life Expectancy, Ottawa, (Queen's Printer. This
report provides ranges of lives and median lives for a large number of .

" ‘capital goods in Canada. . o 3 .

s
i e
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% of service lives based on taxation data supplied to them by corporations.
As Terborgh (1954, p. 15) reports, "not uncommonly the final determination
has been the result simply of 'horse trading' between the taxpayer and the
Treasury, often in deals involving issues other than depreciation rates"7.
According to one assé;sment of the Treasury Department's service life
estimates, the- 1942 Bulletin "F" f&ves were longer than those used in
practice whereas the 1962 revised guidelines were shorter than those used
in pract;cee. . r~

Whether the service life estimates used in the capital stock surveys
conform to actual experience is not known.because there are no objective.
census-generated —data that can be u;ed to assess themg. In addition,

*
service lives may be influenced by economic, political or technological

/

/

Ufactors. For example, during wars or othersperiods of high capacity

y utilization, capital goods may continue in"use beyond their normal average
lives. The avérage length of life may also chanbe bechuse of changes in

‘technology such as \?rocess innovations, qr changes over time in the
[ 4 i '

[

E
%
F
g

composition of assets10. Therg is little in?prmation on changes ovér time
' A

in the average’ service lives of individual assets11. Table 4A-1 presents
‘ﬁ: ‘

- /

) 7 For an account of the hlstory leading to the Bevelopment of these
guidelines sgee Terborgh (1954)% g

: 8 statistics Canada (1967), Catalogue 13- 522 o. B7. \
: > ) - J
S Japan is the only OECD-member country to conduct large scale asset
surveys to establish service lives. Such surveys, however, are standard
. /E;ébt;ce in Easterh Europe. -

10

s

Tenglad, "A. and N? Westerlund (1976).

( T 11 OEED (1983) provides some evidence of a shortenmg ir; recent years
in the average llfe of assets.
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~

the service life assumptions used in the estimation of capital stock in the
Canadian manufacturing sector and Table 4 presents one of 'a number of
Ve

alternative sets of assumptions derived| from the Treasury Department's

Bulletin "F" in the United States.

The tables show that the data on é;rvice lives used to estimate our
J -~

capital stock are not based on empirical facts 5;& to_the extent that they

are approximations of actual lives, they are based on actual eonditions of

hd 1

the 1340s and 1950s, whdich may not adequately'represent Canadian reality-in

the 1970s and 1980s. Statistics Canada, offeérs the following assessmént of

. . \ . 12 b
its own service life restimates :, .

[ 4

-

"The weakest link in the set of capital stock estimates ... are the
estimates of 'average economic lives' of the variols types of capital
goods ... The life data used in this report must be regarded as very
imperfect ... (and) must be regarded with skepticism."

Therefore, given that the size of the capital stock depeads difectly
on the service life assumptions, the same skepticism inevitably should
carry over to the quality of " our capital stock estimatps. '

P4

Given this inadéquacy,'the BEA and Statistics ¢Caﬁada have produced

alternative 'estimateq‘ of capital stock based on altermative assumptions .
regarding useful lives13. Table 4A=3—shows the impaht an ' the level of
capital stock of the different assymptions. It reveals that a {% change‘!n
the average service life ispasgociated with roughly a 0.40 to 0.45%

in the level of capital stock, which indicates that our measurgs of the

ancitne

2 Statistics Canada (1967), pp. 87 and 8.

\ )
'3 see Grosse, Rottenberg and Wasson (1966), Musgrave (1976) for the
UsS.A. dhd Statistics Canada (1967). ‘
A }

. — '

¢ ~"




TABLE Y4A-1

ESTIMATES OF AVERAGE SERVICE LIFE OF FIXED CAPITAL GOOODS:

MANUF ACTURING, CANADA

Supplement, 2 volms., Catalogue 13-522, Occasional, Ottauwa. ’

of

' »

(in year§)
~ X
Plant Equipment Capital
Items
, ' Charged to
. , Building Engineering Machinery Operating
"Industry (2-digit-S.I.C.) Construction Structures & Equip. Expenses
—L
R

1. Food & Beverages 50 55 29 5

2. Tobacco Products 50 55 15 5

3.-Rubber & Plastic Prods. S0 65 15 5

4. Leather Products 50 55 15 5

5. Textiles 45 50 © 26 5

6. Knitting Mills 45 50 26 5

7. Clothimg- - 30 -- 21 5

8. Wood Products 30 35 26 5

9, Furniture & Fixtures Y30 35 26 5 <
10. Paper & Allied Products 30 55 22 5

11. Printing & Publishing 50 55 ' 30 5

12. Primary Metals . 45 50 22 5

13. Metal Fabricating 45 50 CE 5 .
14." Machinery 45 50 21 5

15. Tranﬁportation Equipment. 40 45 30 5

16. Electrical Products 40 45 22 5

17. Non-Metallic Minerals 35, 40 26 5 .
18. Petroleums & Coal 35 < 26 5 e
19, Chemicals & Chemical 50, 35 22 5

20. Miscellaneous Mfg. 30 5 - 13 5

. Source: Statistics Canada (1967) Fixed Capital Flows and Stocks,
Manufacturing, Canada, 1926-1960, Methodology and Statisticals
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TABLE 4A-2

ESTIMATES OF AVERAGE SERVICE LIFE OF FIXED CAPITAL GOODS:

MANUFACTURING, U.S.A.*

161

. (in years)
Major Industry
(2-digit S.I.C.) Plant Equipment
1. Food & Kindred Products 50 15
2. Textiles & Products . 50 22
3. Leather & Products 50 15"
af Rubber Products 50 12
5. Forest Products 50‘ N 20
6. Paper, Pulp & P?BUFcts 50 18
7. Priﬁting & Publishing 50 Y 14 4
8. Chemicals & Products 50 19
8. Petroleum Refinery 50 15
10. StoQ;, Clay & Glass Prod. 50 15 .
11. Iron & Steel Products 50 17
12. Machinery 50 18
13. Non-Ferrous Metals 50 22
14, Transportation Equipment 50 15
15. Miscellaneous 50 18

SOURCE: Statistics Canada (1967).

[

* berivéd from Bulletin "F" and used by Creamer et al. (1960).

| .
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- Table 4A-3
SENSITIVITY OF FIXED CAPITAL STOCK ESTIMATES TO DIFFERENT
ASSUMPTIONS REGARDING AVERAGE SERVICE LIVES:
* MANUFACTURING, MACHINERY & EQUIPMENT, 1960
. Y
\
Average Service Life Capital Stock Measure Sensitivity
L = Years In millions 1949 Dollats  dK/dL . L/K
- Mz L= 27.85 8,100 0.39 ‘.
A2: L =23.3 7,556 0.51
A4: L = 18.8 6,763 0.40
ASs L = 14.1 5,036

-

Source: Statistics Canada (1967), Fixed Capital Flows and Stocks,
Occasipnal Catalogue 13-522, Ottawa, pp. 108 & 132.

4

¢

o
©

level of capital stock are possibly <quite sensitive tb' alternative
assumptions regarding service lives.

Tablé‘all\—a prgsénts similar results for the United States. Here the
sensitivity of gross capital stock is between 0.6 and 0.65% for each 1%
chan‘ge in the average service 1life. Shorter service lif’é assumptions
reduce the size of the estimated capital stock while increasing the size of
capital consimption. Similar results have been produced for the United
Ki’rzgdom by Hibbert g_t;__e_:_]_._; (4977). In Table 4A-5, we present findings by
this’ author regafding the 'impact on estimates ‘of capital stock and

consumption of a gradual shortening in the length of life of assets over

time. If the average length of life of assets has been shrinking in the

i
i /

/e
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s TABLE 4A-4

\ N '

| 4
IMPACT ON CAPITAL STOCK MEASURES OF DIFFERENT ASSUMPTIONS REGARDING
LENGTH OF SERVICE LIVES: NON-RESIDENTIAL CAPIYAL STOCK, 1970, U.S.A. *

. (Billions of U.S. Dollars) ’
Service Life Gross Capital Net Capital Capital
Assumptions Stock Stock Consumption .
Long Lives (1) ' 1,485 875 - 68
Standard Lives (2) 1,339 785 7
Short Lives (3) 1,235 © M9 74
Source: Musgrave, J.C. (1976)  "Fixed Non-Residential Business and

Residential Capital in the United States, 1925-1875", Survey of
Current Buginess, vol. 56, No. 4 (April).

.
') -
.

-

1. Long lives refers to 100% of Bulletin "F" service lives.
2. Standard lives refers to 85% of Bulletin "F" service lives.

3. Short lives refers to 75% of Bulletin "F" service lives.

°j h




TABLE 4A-5

s

IMPACT ON CAPITAL 'STOCK MEASURES OF CHANGE OVER TIME

IN AVERAGE SERVICE LIVES:

CHEMICAL AND ALLIED PRODUCTS INDUSTRY, U.K.

/

. . Gross Net Capital
Assumptions Capital Capital Consumption
Service lives fall from
37 to 30 years between | ¢ -2.7%* -8.9% +19.5%
1947 and 1973 .
Service lives fall from ) ﬁ
,37 to 22 years between -6.5% -19.2% +43,7%
1947 and 1873 .

SOURCE: Hibbert et al. (1977) -

*Percent changes refer to %eductions (-)
actual estimates of capital stock.

-

=

o !
Oor 1lncreases

{+) over the 1973

~
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post-war.perioq then there are significant iﬁﬁlications for our measures of
capital stock and tapital consumption. In particular, Table 4A-5 clearly
suggests that failure to incorporate lower service lives_ in oaur
calculations may produce substantial errors in our measures of gross and

net capital stock and, especially, in our measures of capital cgasumption.

=

3 , ! .

3. Retirement Patterns

‘YJ ks
{3 ° -

-

Service lives refer to averages. Underlying the average service life -

14

of a given type or group of assets is a distribution of retirements known

as mortality ~ distribution. For example, a piece of fixed capf'.tal has a\rﬁ '
: ) ) N t
average useful life of 10 years. What proportion of this type of aseet is

retired at the 10t+ year, what portion p:io; to the 10th year and what
portion after? Our knowledge on the actual- getirement pattelﬁs for

different types of assets is rather scant. The principal émpirical studies
$

*

in this area are by Kurtz (1930), Winfrey and Kurtz. (1931), Winfrey (1935)
and Russo and Cowles (1981). Due to lack of extensive empirical data on

i @
actual patterns, a number of alternative assumptions of fptirement havk

\ \
been emploYed to derive estimates of capital-stock1a.

N

Figure 4A-1 shows standard typical mortality and survival functions

‘underlying the various retirgment patterns wused in the ‘estimation of

R

a/capital stoéck. The mortality functions, in the first .column, show ré%es of

-
N
\

14 500 ‘OECD (1983), Koumanakos (1980), Grosse, Rottenberg and Wasson
(1966) and Musgrave (1976). . _ .
' .
Y,
’ % ’
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retirement over the lifetimes of the longest-lived member of a group of
assets of a particular type installed in a given year: they are essentially
probability density functions with the area under. each curve equal to
gnity. The survival functioné, in the second column, show the proportion
of the original members of the group of assets which are still in service

at each point during the lifetime of the longest-lived member of the group.

With the 1linear or straight;iine pattern, assets are assumed to be

discarded at the same amount each year from the time of installation until

twice the average service life (2L). The mortality function is a reé;;;g%f

whose height--the rate of retirement or depr7&iation (8)--is %L where L is
the average service life. The survival function shous that the surviving

assets are reduced by a}ﬁonstant amount each year, edual to 50%/L of the

L4

original group of assets. With the altermative sudden exit éattern, also
t g

known as dﬁérﬁag;-shay, assets are assumed to be' retired all at once,

specifically at the moment they reach the average service life for the type

<

concerned. The survival function therefore shows that* all _assets of a

. e

given "type remain in the stock until time L, at which point they are

ret%fed simultaneously. With the exponential pattern, assets éremaqsumed
to be discarded at the same rate each yegr from the time of installation
until infinity. The mortality function is a geometric distribution,

”o
whereby the rate of retirements is very large at first but declines at a

decreasing rate over time. For the survival function, assets decline

»

rapidly at first but this rate diminishes over time.

With - the bell-shaped pattern, the retirement pattern of assets is

assumed\tﬁ be a b;ll-shaped density distribution with the mean . ét or close

€ Q L
to

L]
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to the average service life (L). The best knoun of such functions are the
Winfrey-class functions. These are the only retirement distributions based

6n empirical data. Work on them was actually began in 1916 by Kurtz, who

with Winfrey lafer published (in 1931) the original 13 empirically

. determiped survivor curves. Between 1931 and 193ég Winfrey expanded data
collection and added 111 propert;ﬁbggﬁp curves to the 65 used in 1931.
From these 176 ?q;ves, 18 standard curves emerged, and these now bear his
name. Figure 4A-2 shows the- standard Winfrey mortality Funcfions, of which
Y ‘ _ six are skewed to the left (L), séyen are symmetrical (S) and five are
skewed to the right (R).  The subscripts 0 to 6 refer to the degree of
flatness of tﬁe curves. The Winfrey S1 function, for example, gives a
flattish symmetrical curve with retirements spr;ad over.the period *85% of
the average service lifej the Winfrey S4 Functign is aga%p symmetrica}, but
Nit is more peaked mitﬁ retirements occurring around *70% of the average

serviée life.

WEile Qinfrey curves are empirically well Eased, many of (ﬁhe

underlying data used in their construction were collected between 1916 and

- 1935 and are now 50-70 Qearé?‘old. Also, almost a third of theé 176 asset

types analyzed by Winfrey consisteg of railway equipment and structures,

— o ~—— & ‘ i
obJious question that emerges: is uhether Winfrey-type retirement

. -

4 )

* distributions are still valid today in our changed environment. The only
attempt to empifically test whether the uiafrey—type curves are still valid
was undertaken by Russo and Cowles (1981). Employing the same methodblogy

Iy ! [
( ’ as Winfrey, they collected data from over 2,000 property accounts from

P N "

|

; and the list covered relatively few manufacturing assets. Therefore, the’
| ‘

|

|

!
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which they chose 490 property typeé. These data collected were for the
period 1965-75. They found that the Winfrey-type curves remain and that:’

from the more recent idata they have collected, there is nt need to either

modify or extend them. Singe the data they collected were for assets
similar in type as those used by Winfrey we may conclude that as far as

these types of assets are concerned, Winfrey-type distributions are still

4

vaiid today However, no firm conclusion can be drawn regarding assets -.

like those use%g@n the manufacturing sector which were not sufficiently

-~

‘nepresented in Winfrey's sample. _ a

L

o ‘
Other type of retirement functions employed in capital stock

measurement are modified versions of the straight-line and bell-shaped .
curvessz 6ne is the delayed linear pattern, whereby retirement is assumed

-

to occur at a corstant rate over some period shorter than 2L. Retirements

- start later and finish sooner th in the simple lineaf case, some *50% of

> = .
L. The other is the truncated bell-shaped d;striﬁh;ion, whereby assets are

retired anywhere between *+50% of L.

L)

The retirement pattern assumed in the estimati;n~of capital stock

H e

holds significant implications for the quality of mqaghfes produced. In

Canada, Staéistics Canada employs the unsatisfactory suddeﬁ-exit assumption

~

in its Fixed Capital Flows and Stocks measures. In the U.S.A., symmetiical

e

Winfrey functions are used. For residential buildings, retirements are

. spread over ' the periad #95% of the average service iife; for all other

wassets, retirements are, spread over the period +45% of the average ‘service
)15. To ascprtain’ the extent ta

life. See for example, Musgrave (1976
) &

15 tor the assumptions used in other countries see OECD (1983).

- N .
1 * ¢ s
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which capital stock data are sensitive to‘different assumptions used fo

retirement. of assets{ a number of studies have been done which employed
alternati&e assumptions of retirement patterns. Noteworthy among these are

{ , L
thosé"of Grosse, Rottenberg and Wasson (1966) in the U,5:A. and Koumanakos

»
14

(1980) in Canada. .

Koumanakos,(JQBD) of Statistics Canada produced alternative estimates

of Canada's gross and net capit%l stock and capital consumption allowances‘\v
P KPR,
for the period 1926-80 employing alternative retirement distributiﬂﬁrj%,

assumptions. Table 4A-6 presents some of his .estimates for the entire

4

economy in 1880 in real 1971 dollars. His results confirm the sensitivity
v 1y - L

of capital stock measures to the underlying assumptions employed. All
three series are significantly affected in differing.degrees., Estimates of
gross capital stock range from a louw of; $231.4 billion usiqg the

exponential retirement assumption to é)hiéh of $39§.5 billion using the
sudden-exit assumption. Since _.Canada's offipiéi capital stock estimates
employ the sudden-exit assumption in their caiculation, Table 4A-6 also
expressés the estimates derived from each' of the alternative retirement
"assumptions as‘ a percent of those derived .from the sudden-exit assumpﬁion.
Similar results have been reported by Grosse, Rottenmberg and Wassan (19686)

¢

for the U.S.A. -7

‘Clearly, the capital éggck data published officially by our
statisg}cal aéencies are not straight-forward survey data butiéimglg,
estimates, derived from gross’ inves?ment figures using“ numerou;

o

assumptions. Chaﬁéing the underlyipg assumptions resuits in gquite

éignificant differences in the values of capital\it::i;w Therefore, capital
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ThBLE 4A-6 . -

IMPACT ON CAPITAQ STOCK OF DIFFERENT ASSUMED RETIREMENT
DISTRIBUTION PATTERNS: TOTAL CANADIAN MANUFACTURING AND '
. NON-MANUFACTURING, 1980
(millions of Real 1971 Dollars)

3

SOURCE: Koumanakos (1980).

-

*The

estimation purposes \is the M"sudden exit",

-

see Statistics

Capital Flows and Stoécks, Catalogue 13-211, Annual.

[

Retirement Mid-Year Mid-Year ‘Capital
Assumptions Gross Stock Net Stock*® Consumption -
o . .
e Straight-line o 358,060.4 292,811.9 11,586.1
' (% of Sudden-exit) (90) 1 (113) - (87)
l
Exponential 231,360.4 | 202,951.6 _ 15,984.8
(% of $udden exit) . (58) » (78.5) (120.5)
% . N
Bell-Shaped 382,338.5 \ 316,909.1 10,398.1
(%4 of Sudden exit) (96) v {123) (78) 1
Sudden Exit¥* 397,457.4 \ 258,484.7 13,264.1 |
(% of Sudden exit) (100) .\ (100) (100)
Truncated Bell-Shaped 388,706.9 301,752.8 11,094.5 f
(% of Sudden exit) (98) bV (117) (84)
|
1
|

retirement assumption : employed in Canada for the "capital gtock ‘

Canada, Fixed -
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stock data should be viewed as rough estimates, and extreme caution is inf

order when we begin employing these data in econometrié/lhodels of

investment behaviour, of capacity utilization or prbducti&ity change. No’

one, perhaps, is more* aware of this than the statisticians tﬁemselves.

)

Aware of the weaknesses inherent .in the capital stock estimates Koumanakds
et al. (1984) reports that a joint pannel of experts drawn from Statistics
Canada, tHe Economic Council of Canada, the Department of Eihance and tﬁe

o N
Bank of Canada has been formed to examine alternative Fnd more reliablé

methodologies for measurimg capital stock. Among the alternatives being
considered is a gquinguennial capital stock survey, similar to decennial

censuses. - "

4, Valuation of Capital Stock Measures .

There are three approaches to the valuation of capital stock: (a) in

physical terms such ag weight or horsepower; (b) in capacity terms such-as

‘output prodyceable at any given point in time; and (c) in value terms such

as the amount of expenditufe incurred in acquiring real capital and putting-

\ B
. \
it ip.place. What is required--as in any aggregation problem--is a
3

standard unit of measuring the heterogeneous pieces of capital goods--

Id

various types of machimery, equipment, structures and buildings--composing
\ - ’ .
;he economy's TCapital stock. Traditionally, the third approach has been

preferred, that of measuring capital stock in value terms.

[

Inherent in this type of aggregation are a number of methodGiogical

4
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prbblems. First, how are quantitiessto .be wvalued? At historical

(original) current or ,constant prices? Second, how does one account for

quality change over time in each type of capital goeds? Third, how does

one treat the introduction of new types of capital goods? Fourth, how does

one treat the pricing and classification ofpinfrEQUEntly purchased or
¢ (4

-custom-made capital goods? Fifth, how does one account for chang;s in the
13 M 2 @

compositioﬁhof capital goodS‘duringlthe period?

Regarding the first problem: it is preferred to valye capital stock at
constant or current year prices ratﬁer .than historical cost, because
aggregating historical costs, 1in an inflationmary environment, involves

heterogeneous prices which violates our requirement for standard units of

measurement. Regarding the second problem, it is widely acknowledged that

.

the .quality and engineering specification of mosF types of capital qoods
changes over time. Quality changes are usually though not always reflected
in p¥ice changes.. To the extent that quality change is reflected in price
change, Denison (1957) has suggesyed to account only for the gquality change
which is reflected in the price change. - Howevpr, to the exteé£ that

[ 4
quality change is not- reflected in price change serious omissions may

result, Gordon (1871) for ' example has shown that by ignoring "cost

i

[

unassociated" quality change results in a significart overstatement of’

price -inflatisn and concomitant significant understatement of growth in

real capital stock.
.
A felated issue is the treatment of-new types of capital gqoods, e.g.

comfuters, robots, fiber optics, etc. ' Differentiating a new capital good

from an improvementlﬁ} -an existing capital good can be quite difficult.

t
)



capital gopds, such as éhips, aircraft and engiﬁeéring structures. In such ~
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One problem particﬁlar to new products 1is determining. which proéuct they
are replacing, which portion of the market for that ﬁype of produét théy
are acquiring and the pricing of tH; new prbduct. Frequently, new products
appear on the. market at a high.price, but as tbey gain acceptance and are
mass-pfoduced théir price falls~ uﬁile their quality improves. To-the
extent that new «c;pital goods account for a la;ge share of investor .°
outlays, the problem assumes wider significance. 4 )

The fourth proflem is how to.price infgpquently purchased, cusﬁom;mgde

cases the usual practice has been to’represent the price of such items by a
\ &

. i .
weighted average of the cost of the materials and labour used to produce .

¥

theﬁf\both adjusted for changgs in productivi:f, after making judgments
with respect to what represents guality chande and what represents a new
product. Concerning the fifth problem which involves changes over “time in

the composition of capitallgoods, if firms shift their purchases of capital v

[N

? .d ’
goods from low-priced types-to high-priced substitutes, the measured price -

)

index will retord an increase in prices-when in fact no change in'prices:

2
8

has occurred in phEVabsence‘of an adjustmeﬁ% of weights. e

The implicatfons of the above troublesome difficulties is that even in

o

the presence of a valid concepfhal framework of capital measurement,

methodological and ipractical problems may impeée the construction of.

unbiased measures of capital stock. Worse still, in the absence of any -

-

measurab;e ‘data, we have nb.way of knowing the magnitude of the possible

—

2 . - . X
biases or the accuracy of our estimates of the economy's capital stock.
v i o

L
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CHAPTER FIVE
THE EMERGING VIEW OF

¥

"REPLACEMENT INVESTMENT": ,

STRUCTURAL INVESTMENT
., AND ADAPTATION
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;1. Introduction

In the preceding three chapters, we have reviewed and critically
analyzed the}ziterature on. "r@placement investment" and examined the
pertinent empirical and statistical evidence. Our assesgment is that the
con;entional conceptipn used in the theo;y and econometrics of replacement
investment since Jorgenson (1965, {974), that "is, the rate of replacement
investment is a constant proportion of capital stock and equal to the géte

”of depreciation (PRH), is clearly unsatisfactory. Many objections have
been raised on both theoretinl and empirical grounds to this view by, for
example, Feldstein and Foot (197?), Feldstein (1974), Feldstein® and
Rothschild (1974), Eisner (1972; 1978), Nickell (1975, 1978), Rowley and
Trivedi (1975) and Heiliuell (1976). Inspite of the numerous objections to
this approach, no comprehensive alternative formulation has yet emerged.
The few attempts. tFat were made, notably by Feldsteiq and Foot (1971),
Eisrer (1972) and Cowing and Smith (1977) did not go very far. Iﬁ.this
chapter, we attempt to develop such an alternative perspective of‘the
replacement process.

”
The view we propose is broader in scope and more accurate than the

conventional approéch which partitions gross capital investment into .

2

expansion and replacement components, the latter an outcome of the PRH. Ue
reject the notion that the "other half of gross irvestment" is necessarily
replacement investment. We bhave found, as reported in Chapter Four, that

replacement expenditures are éenerally not capitalizéd by firms, but
4

o

charged to operating accounts in the:form of "repair expenditures." To the
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. \
extent that such expenditures are in fact replacements, and” not capitalized

{

for accounting purposes, it leaves the Mother half of gross (capital)

investment" .unexplained! To fill the void, we 6&opose the insertion of a

. new category of: capital\v/}nvestment, namely  structural investment.

[

Structural investment can be -defined as fixed capital investment

expenditures induced by the firm's ﬁ;éd to _adapt to changes in the

composition of demand (output-mix), production technology and relative

prices for factor inputs, the level of total demand remaining constant.

féklike réplacement investment, which is| non-capital repair

’'e
expenditures to maintain the prodluctive efficiency of fixed capital stock
]

intact and therefore in the short-run, a matter of "technical necessity",

.

’ .y .
structural investment, like expansion investment, is a behavioural variable

conditioned by economic factors. In fact, structural investment often acts

to supplant or supersede the necessity for”replacement investment. In the

real world, firms are not constrained by some ex%ianeously imposed rule

5
‘"that obliges them to invest in the maintemance of their capital stock.

Burs is not a command eé%noﬁy. Firms are free to choose whether they want
to maintaif intact their stock of physical assets through repair
eipenditufes. ‘Obviously, even the decision to maintain the existing stock
of capital is an economic decision, at leastJin the long-run, and therefore
linked to the decision to commit_struwctural investment.

Our view builds on both the "static" and "dynamic" approaches to
replacement found in the literature. Rather than treating both types of

"replacement" as equivalents, we differentiate between the two.  "Static"

replacement, expenditures intended to maintéin the stock of capital intact,
I3 -
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"If retraining and relocation of labour help reduce structural unemployment, }

“in the structure of final demand induce changes in the structure of

179

L

is confined to- its conventionai role, that is to "like-for-like
replacemeﬁt", and is defined as non-capitalized repair expenditures, or
replacement iHQ;stment if we still choose to use the same term. "Dynamic"
replacement on the other hand, assumes a new identity as structural
investment. Since structural investment entails change in the structure of
production (both capital-output and capital-input speciﬁ%city), it bears
little réﬁemblance to replacement’ in the traditional sense, \mhere the line

of activity and the technology being used by the firm remain constant. To

avoid confusing the two and to foster® a more accurate and meaningful

|
understanding of the latter, the term structural investment is introduced.
The existence of structural inQestment shouid ’pose no difficulty to those |
who accept the no:;on of "structural urnemployment." If labour succumbs to
unemployment due to changeé in the composition of demand and teéﬁnological

-

change, why should not the other factor in the firm's production function?
why should not structural investment in plant and equipment help restore
the utilizatiop and economic productivity of real capital? Clearly, the
two notions are anmalogous.

The components that make up the theory of structural investment are

five-fold. The first of these is the ¢concept of capital-output

specificity, as elaborated by ﬁatziorinis (1988). Here the composition of

Gepital stock is functionally linked to ;be composition of demand. Changes

capital. Therefore, the rate of investment expenditure is not only a:

function of change in the level of demand (the accelerator theorf), but
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also a function of change in the composition of demand, the letel of total
output remaining constant. While®change in the level of demand (product-

mix remaining constant) induces expansion investment, change in the

structure of demand (level of output remaining constant) induces struéturgl
investment. B
Second, product and process innovations (a joint outcome of
technological chanée and economic necessity) are Frequént. Combined with
changes in the competitive 1environment in uwhich any firm operates, they
impose a constraint on the useful life of assets well before wear and tear
and aging terminate( their life. Assets are more often displaced,C(
R modernized or refitted for alternative uses than replaced. The minimal
extent of réplacement in the real world does not justify the continued use
of the term "rgplacement" to describe the "other half of gross irjestment.”
What is more common in practice 1is that firms incur expendifures on the
maintenance and repair of ‘existing assets. Through a continuous policy for

maintenance and repair, firms ensure that the productive capacity of their

stock of fixed assets remains intact until such time as changes in

technology, changes in product line, changes in corporate objectives or

I changes: in economic conditions warrant adjustments. Almost aluays, .the
s

form taken by these adjustments in capital stock is that of structural

investment.

Third, each product is defined by its own product life cycle. From_

the time of introduction, many products undergo a logistic (S-shaped)
pattern of growth. A maturity "phase usually follows the initial grouwth

{}l phase. Once the maturity phase has been reached, further growth in sales

% ) \

[
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will depend on what the firm does. If the firm recycles the product by
improving its quality, style and packaging or if tEe firéﬁ.finds new uses
for the product and develops new markets, sa;es will grow. %f it reinvests
in more advanced and eff;cient production machinery, it will be able to
! maintain sales in the face of stiff competition that pJLvails a£ the
maturity stage of the product's life cycle. If the firm does nome of the
above, sales &f the product are likely to stagnate and perhaps decline.
New products will eventually bring displacement from the market and initial
product?on facilities wuwill likewise be displaced. Unless the same firm
finds a new product to replace the earlier one or another firm acquires the
equipment, wsome of . the fixed capital equipment will be abandoned and
scrapped. Np replacement can occur here. If on the other hand, the same
_or another Firm -can find an alternative use for the idle eguipment,
Pinuestment funds will first have to be committeg‘ to up-érade, refit and
adapt the plant toj%an altefnative use. Exgendftures %or this purpose can
be classified as structural investment. Consequently, the pfoduct life ~
cycle by generally setting an upper constraint on the life®f the product,
also sets an uppe} constraint on the useful life of assets. But by the
same fdken, efforts by firms to extend the product Iife cycle gives rise to

a flow Sf structural investment outlays.

. Fourth, whether a firm will invest in the extension of it5 product's

life cycle through product development and structural fnvestment in the up-
i /

~grading, re-tooling, re-fitting and ~modernization of -its produ?ﬁion

facilities is also a matter of corporate policy. Investment decis%pns of

/
/

« T /
! ( : , this nature do not lend themselves to the type of marginalist capital-
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budgeting  technigues . common in - standard, textbooks.. Due te the

qncertainties/ghfailed and the break in the continuity of the firmis™
. \ - N .

L)

production, these investment dgcisions are. of a strategic nature. the

firm's options are (a)‘to abandon .production entirelys  (b) to restructure

“ »

ﬁroduction throdgh xofﬁ—shprgfbroduction of parts and domestic assembly and

marketfng of «<¢he product; and (c) to invest in product development and, .

-

simultaneously, in structural investment to moderqize and adapt production
facilitiés to produce re-cycled products. ThHese investment strategies have

- defensive and offensive elements. UWhile change in the structure of demand

will certainly affect the relative profitability and ufilisatioq' of the

capital stock, the change in this stock that is induced will depend on both ,

/\1
the change in the structure ‘of demand and ' the firms! willingness and

ability to adapt by incurring the necessary capital outlays.

-

*° . Fifth, the rate of growth in aggregate production in an economy is

. —abviously a function of the individual v;ates of growth for constituent: -

industries. As any economy has both expanding and maturqlindustries, the

deéfee of adaptation and rate of structural investment- in the mature

a ¥

industries will influence the economy's overall rate of growth and standard

of living. Unfortunately, adaptatibﬁv and structural change have

historically proven difficult processes td ﬁanage effectively.

In: this chapter we' develop- a Framewérk to explain the natur® and
,“_J ’ a r
determinants ofVthe "other half of gross' investment," namely structural

’

investment, and we supply convincing empirical supporttfordour position.

>

Section 2 examines the role and the extert of gutput heterogeneity and.

product life cycles in conditioning structural investment in the context of
- , LN

»

.
v
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cépital ouﬁput specificity. Section__§§exam1nes thé llnk " between éﬁpltal

heterogenglty aﬁg output hgterogen91ty and their reIg¢1onsh1p to structural

investment. Seé%lon 4, building on a simple stock-adjustment. investment

function, fllustrates. mathematicaliy the relatiog between structUTal
investme;t anq chaﬁga ia'tﬁe structu;e of demand in the context of capital-
output specificipss\ ‘Section & provides strong empirical support for the
propos%ﬁion of st;ﬁétural investmen?. Section 6 completes' the presentation

by considering the role of corporate policy in the process to undertake

T

structu§ar investment outlays.

2 ‘e -~

®

2. DugputlHeterqgeneity and Product Life Cycles

. \ y
. \ -
- )
3 » v \ S
. -
L A -

# -

Since the Keynesian revolution and the development of national’ income

accountingp the  preoccupation of the economic profession has been
&

- s

aggregative analysis of economic behaviour. and modelling. Concepts such as y

"total ocutput", '"gross capital stock", "aggregate supply function" and
* [

Y
"gross capital investment" /have become standard instruments in the

]

economist's kit of conceptual tools. Though'useful for many purposes,
these concepts have served to detract #attention away from the equally’
. \

important issues concerning the *underlying structure and composition of

total output, capital stock and gross investme Although every economist

. " i -
will agree that '"total output" 1and "capit stock" arg in fact generic
concepts defining an aggregation of heterogeneous unlts, they will attgst

to the important rolg that change in their composition plays in the

- -

h

¥

.
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eﬁonomy. Unfortunately, not much effort has been devoted in recent years

to the structural composition of output and capital and its relationship to

-

the flow of capital investment. In this section wex, examine the

implications of the comgosition of output ‘on capital investment, while in

the following section we examine the sams:mith respect to the composition

S

of tapital. "o . v -

® o » \

It is our view that the composition of total demand for the econmomy's

~—

output matters, at least as far as the volume and composition of capital

investment are concerned. Our view is based on the simple proposition that

1

a changing structure of -demand induces changes in the desired compésition
of capital--the'concept‘o pital-output specificity, Matziorinis (1984)--

which in turﬁ éffécfs the composition and volume of gross fixed capital
- formation. Chahge in the composition of demand would imply first, a
reduction in desired replacement investments as the capital stock used to

. . ; .
‘produce the declining or '"sunset" products is no longer in demand; and

second, an increase in desired expansion investment as new types of capital

< : . .
j goods are required to produce the newer products. Third, to the extent
O . that the economically obsolete stock of capital is still physically caﬁéble

of;igendering production services, change in the composition ofsdemand
implies that firms will, to the extent it is technically feasible, redeploy
gﬁFuch physicgl assets to new functions such as the production of the type of”
products now being favgured by the markgt. Redeploying Bldef\Eapital goods‘
to new ‘functions, however, 1is Rgf a costless process. Firms will have to

commit additional funds for the modernization, 'up-grading, re-toolingrénd
-~

refittin9 of #he older equipment to their new uses, and.conseguently will
i

L
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extend their economically useful * life into the future. This .type of

investmgnt apending, the outcome of the firm's adaptive response to a

. . . . & . N
-changing economic erwironment, can neither be characterized as expansion

nor as replacemenﬁ'(rgpair) °inveétment; To the extent thgt the funds are ’
no£ being speht to agd to existing E?pacity, it is not expansion
investment. To the extent thatlthe up-graded assets are used to produce a
different liné of products,’ they are not replacement either. The
distinctipn with ~replacement (repair) investment is further accerltuated by
the fact that investment outlays incurred for the modernization, refitting
or upgféding of a plant are not expensed in practice--as is tﬁe case with

repair expenditures--but they are, in fact, capitalized.  This flow of

capital spending can best be depicted by the terms "renewal', "adaptation®
. )

" or "structural investment." _Here we use the latter term in order to

¥
differentiate it from replacement investment, which we have already

identified as being non-capital repair expenditures incurred to maintain
the operating efficiency_gf the existing stock of durable physical aséets.

To the extent that total output has, in fact, gndgrgone structural
change in recent’ years, and to the extent that we” can provide some
explanation of how and Ehy the composition of output changés over time,
then we have the basis for a';imp%e tbeory of structdral inyestment.y In
the next few~ pages we supply a possible theary of output® change,--the
conceptnof the Product Life Cycle (PLC)--whﬁEEJ we link to structural
inQest;ent, and we f®nish evidence for Canada showing that'éotal output
Has undergone considerable change during éﬁe post-war period. u

<«

Jt 1s a well egtablighed fact of emairical research, as shown early on

- -
- N v
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A

by Kuznets (1930) and Burns (1934) aQé)more.recently by Lee (1971) and van
[ . -

L

Duijn (1983), that the growth path of total output ink\Fhe economy differs

significantly from the pattern of growth at the industry level. While the .

+ long-term growth path in total output exhibits a rising linear trend for

. [ 4
.the economy as a uwhole, at the industry level, long-term growth paths in
Rl

t

'output exhibit .a logistic (S-shaped) pattern, with high rates of growth in

[

o
the early vyears of an industry's development but with diminishing ragés of
growth ?s the industry approaches its maturity phase. Kuznets (1930) .,

sdggesteq that the long-term economic development path of a nation is not
characégrized by a linear expansion of all industries (as we implicitly
assume in modern érowth models}, but by a sQ;cession of leadind‘sectérs.
" As Rosenberg (1982) states: / " ' ‘

A -]
‘ . o

-

\"Kuznets argued that high aggregative growth rates in industrial
economigs: have reflected continucus shifts in product and industry
mix. 1 rapidly growing industrie; eventually experience a slowdown
in growth as the cost-reducing” impact of technical innovation
diminishes. Furthermore, because of the typically low longzterm
income and price elasticity of demand for old consumer goads, further
cost-reducing innevations in these industries will have a relatively
small aggregative impact. Therefore, continued rapid growth requires
the development of new products and new industries." (1982, pp. 4-5).

-

It is an equally well established fact that most products undergo a
logistic, S-shaped, pattern of" developmént from the time of their
introduction until dgiurity, a phenomenon which was elaborated by Dean

(1950). It has sinee found a primary role in the marketimg literature and

\
the theory of international trade.

[

Let us then provide a bprief review of the: literature on the PLC

concept’and the S-shaped pattern of growth. “The review which follows is

A

e
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largely based on Levitt (1965), Gist (1971), wiqd (1982)‘.Lee (1971) and

van Duijn (1983). The idea of an S-shaped patﬁer;‘of growth can be trated

to Tarde (1903)  who formulafég a th’ee—sté@e model .(slow advance,
acceierated and d;celerating probress) through which every innovation,
whether a new product, an idea "or a belief must pass. Prescott (192?)
applied the idea to forecastiqg’the demand for automobiles. Kuznets (1330)
and*Burns (1934) applied it to business-cycle research and tested the
growth retardation hypothesis. In recent times, Dear (1950) wa; tﬁf first
to take and refine“th;idea and apply it to the theory o} marketing:. He ?s
credited with qpining th? term "product life cycle." He distinguished
three stgggs in a product's life cycle (introduction, rapid expansion<and
maturity) and arqued that the length of this cycle is conditioned by the
rate of technical change, the rate of market acceptance and. the ease of
competitive entry. \Subsequ%ntly, the conceptL of ghe SLC was further
explored by Forrester (19589), Pattoﬁ (1958) and Mickwitz (1959) until it

. 3, : .
acquired a central place in the modern thedry of marketing,ii?erevealed for

example by Levitt (1965), Gist (1971) and Wind (1982). The PLC concept has

t

. also been successfully applied in the theory of international trage and

investment, in order. to explain the pattern of .trade of manufactured

V

producks, This’barticular application originated with Vernon (1966) who
used it to explain the well ﬁﬁbwn Leontiif Paradox. Other coftributors to

this literature have been. Wells (1968), Hirsh (1967), Claudon (1977) and

L
¢

Vernan (1970).

In contrast ‘to Dean's three-stage model, the standard marketing
. ’ A
literature now distinguishes four phases .in a product life cycle, although
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five-phase 'models are also used. See Figures 5-1 and 05-2.:" Accor¥ing to

~

Levitt (1‘985), the four stages are, f‘oe example, characterized in the.

s

follpding ay:

~

( B

. s
1. Introduction. This is when a new.product ,is first brought to -
\ L 8 -

market, before ~there is a._proven demand for it, and often before
it Mas been fully proven techﬁitally. Sales of the "~ product agé

slows , v

.

r L

2. Growth. Demand begins +to E;row rapidly and ekpgndgfrom ygar to

-

year often at an exponential rate.’ The market: penetx"ation of the

product expands substantially. \

e -

y 3. Maturity. Demand levels off and for the most part grows only at

g the rates of. replacement and new family formation. - -

“

4, Decline. The pragluct beqins \to lose cqgsumer' appeal, sales of the

product begin to decline.

’ @

The path taken by . the :product life cycle beyond the maturity stage have

considerable diversii:yl. These 6epend on- RJha strategic responses taken by

)

tirms uhen faced with increased ~competition at the maturity stage,. Through

prodl;ct and pr“oc:ess improvements, a ’r'i1:m' ight fo; example, ‘succeed in
exten(ding _the ma‘turit(;/ _phasge an('j’ praventing a majgr ecline in sales.
Alternative]:y by product differentiation, application go n;ew needs or
development ©of new markets, a firm migﬁt even succeta/j\in exteﬁding the

°

growth phase. The marketing literature is full of such rival strétegies to

amend a product's life™ cycle. The U.5.A..nylon industry is_an ~e>tcell‘ept

- q
illustration of actual product life extension or "stretching". Figure 5-3,

PR
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reproduces the growth of the nylon industry duriég the period from 1842 to
1962 and shows how the product cycle was ex;ended by changes in the
composition of output and thus contributed to the persistent growth of the
industry. Fiqure 5-4 shows various possible “permutatibns of life—cyclé
extension after the primary S-shaped phase has been attained.

The existence of the primary S-shaped product life cycle has been
empirically confirmed in a number of studies.‘__ Buzzell and Cook (1969)
examined the sales histories of 192 consumer products and found that 52% of
the products (non-food grocery products, food products and durables)
followed the general pat¥ern of the PLC model. Someﬁzg the products for
which the PLC model was found to be representative are automobiles (Kovac
and Dague, 1972), séles of foods, cosmetics and refrigerators in the United
Kingdom, (Cunningham, 1969), tea and rum-*{(Albach, 1965), and black and
whitg television sets (Patton, 19589). The PLC model has been found to
apply to industrial products as welfﬁb Cunningham (1968) found that trends
of aukomobile components, chemicals, and general engineering products in
the U.K. are represented fairly accurately by the general PLC model, while
Frederixson (1963) found that 41% of 27 new industrial chemical products

o~

followed the general PLC pattern. In addition, these and other studies

‘ A

\///found evidence of ' modified S-shaggd PLC functions. Buzzell (1966) for
e

xample, found the model to be consistent with actual trends in processed
food pédductg. N:l food products pass through a period of slow growth
followed éy a stage of rapid growth. Sales of "maturegfproducts however,
dia not necessarily fcllow the 5redicted pattern. Three patterns were

observed: (a) the expected stable maturity; (b) a growth maturity due to
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AN EXAMPLE OF PRODUCT LIFE STRETCHING: THE CASE OF THE NYLON INDUSTRY
: Innovation of new products postpones the time of total maturity

Source: Jocdan P. Yale, “The Strategy of Nylon’s Growth: Create New Markets,” Modern Textiles
Magazine, (February 1964,) p. 33. Copyright © 1962 by Jordan P. Yale. Reproduced by permission.
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some changes in market conditions, and (c) innovative maturity, which is

due to some product innovation or differentiation by the producers.

The S-shaped pattern of growfh that Kuznets (1930) and Burng (153&)
found to be representative of long-term growth patterns at the }ndustry
level can be approximated by a logistic function or a’ Gompert£ curve,

v
illustrated in Figures 5-5 and 5-6. The logistic function was® first

popularized by Pearl and Reed (1320) in the 1920s and applied to a variety

of biological phenomena, population and othgr growth situations sucH;as the
* A

spredd of epidemics and rumors. The equation of the logistic function is:

A

~

1
Q= -5 (ay, b> 0)
1+ ae

a

3 n

_where Q is output,e and b are fixed parameters and t is a time index. The

s

Gompertz curve is similar g to: the logistic function since it is an
asymptotic growth curve with decreasing rates of growth past the inflection
point. Howevéf, it differs from the latter in that it is non-symmetrical
with respect to its inflectioh point, which 1is reached earlier. The
equation of the Compertz curve is:
é -
0= ae” (a>0,b < 1) ‘ o

o

¢

D Using these functions which imply a continually decreasing rate of
growth, Kuznets (1930) and Burms (1934) tested the hypothesis that output
at the’ industry- level grouws at a decreasing rate (growth retardation

hypbthesis). Kuznets explored 57 production series from five early

industrialized nations (Britain, France, Germany, Belgium and the U.S.A.)

~
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and found confirmation of his S-shaped 1logistic and Gompertz growth

patterns. Burns considered 104 continuous production series 1in the U.S5.A.
*

‘for the pericd from 1870 to 1929 and found that 92 of these series

exhibited a decreasing rate of growth. Kuznets suggested three basic
factors as accounting for the retardation of growth: (a) population growth,

(b) changes in demand and (c) technological changes including improvements

in busin;ss organization. Burns (1934) also inserted the following
qualifications: (1) the rule of retardation may not Eold in the late life
cycle stages of some industries; (2) in the introduction phase, growth may
accelerate rather than abate; (3) the rule of retardation does not hold
throughout for the secular trends even of established industries, though it
does hold for their primary trends (movements of longer duration than
secular trends); (4) an industry may be invigorated or rejuvenated as a

result of a structural change, such that the rule of retardation may only

hold for the periods prior to and following the structural changé.

Clearly, the role of technological and market change in altering:tﬁe
composition of output and tﬁép structure of markets has been recently
ignored. Incorporating these factors in the "replacement" demand function
leads to a different uﬁderstanding of the process and forces whitch
condition the composition and volume of capital spénding at the maturity
phése of an industry's life cycle, and compels us to re-assess the validity
of the proportional replacement hypothesis (PRH).

The view that emerges from our fé-examiﬁation‘of the literature is the

following:

1¢%_Firms do not incur cagifél expenditures to replace worn assets by
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exact replicas of these assets, because non-capital repair expenditures--

which include replacements of parts--ensure that the operating efficiency -

of' the ﬁgxiéting stock of capital goods remains intact, perhaps for an
indefinite ﬁeriod. }

2. Tihnological and market jchapge are the rule rather than the
exception, Product innovations, précess innovations, change in consumer
tastes andpreferences, change in prices of factor input, changes in

business organization and market structure continually take place. The

maim threat to the economically usefu} life of assets does not come from

physical decay of assets (input ar output decay) but‘from market change.
While reéair expenditures act to ﬁosipone the physical ability of assets to
supgly production services, they cannot of fset the deterioration. in the
economic value of assets which results from obsolescence. -If there is a
constraint to -the maximum useful life of assets it is not so'$uch physical
decay as it is obsolescence. It is the loss iﬁggn asset's economic ability
to contribute to profit that determines thev timing of the asset's
retirement, and not so muéﬁ the loss in its physical ability.

3. In their atﬁempt to enhance the profitability of assets and assure

their long-term survival, firms will find it necessary not to invest in

. replicas of the existing assets ("like-for-like" replacement) but to invest

o

-

in new types gf ssets. The form that such investments generally take is
re-tooling, refitting, upgrading, modernization, automation,
computerization and robotization of production. Such invg;tments, however,
have the effect of'altéring any one or more of the following: production

function, capital-input . specificity, source and type of feedstock and

-
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materials, capital-optput ratio, production procegs, product line and plant
location, to name only a few. In shorty "obsolescence" investments result
in‘alterations of the structure of production for the purpose of enhancing

the profitability of the firm by reducing costs of production, by shifting
v 9
the output-mix away from low value-added to high value-added produéts, by

shifting away from high-cost #actor ipputs to low-cost inputs (labour, raw
materials and energy,. Thisi type of investment nis motivated and
conditioned by forces different from thoséJ which éonditipn expansion
investment and repair (replacement) investment. Since the operant word is

structural change, it is preferable that we identify( it as a separate

category of invéstment and accord it the importance which it deserves,

namely structural investment. '

]

~

4. In_the introduction and exﬁansion phase of a product's or
industry's life cycle, the investment demand is conditioned by the change
in output, the accelerator principle. In these stages, firms engage in
expansionlinvestment. Once the product or industry attain the maturity
stage of their development, the market becomes saturated and competition
intensifies. All the more so as the innovation spreaés internationally and
more low-cost countries embark on. the production of the product. At this
stage, the fcontinued profitability of firms becomes dependent not on
further expansion of érodéctign, or maintefiance of production capacity, but

on structural change. Only by investing in productivity enhancement and

’ rd

~product development can the firm or industry succeed to defend itself from

K

the rising tide of low-cost imitators that enter the market. .

5. Whether firms choose to defend their market position through

n

w—t
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aggressive or defensive structural investments also depends on ‘the firm's
perception and strategy. Not all firms in an industry will choose to
reinvest };‘;}Ewstructural up-g;ading necessary tp defend or enmhance their.
position.l For many reasons, some valid and otherstnot so valid, many firms
will choose to abandon “the production of the proditt and élong with it,
their capital goods. If no other firm can find a préductive-ule for “this
equipment, they become scrap and are rétired from the capital stock. Thus,
the amplitude of structural investment is likely to be smaller than that of’g
expansion investment for the following reasons: (a) plant and engineering

wstructures will rTequire less modification than equipment, (b) some
equipment can be refitted and re-deployed while others cannot, and (c) not
all firms in the industry will decide to commit themselvyes to a strategy of
structural investment.

The emerging view on "replacement investment" summarized here is
entir€ly consistent with the views expressed by Einarsen (1938), Bain
(1939), Terborgh (1945, 19439), Dean (1951) and Schumpeter (1942). For
example, both Einarsen and Terborgh were reluctant to use the term
"replacement" to describe whét they perceived took place in préctice.
Einarsen chose to use the term "reinvestment" becausé he did not find much
evidence of "like-for-like" replacement in practice and also found tha£ nézr
all firms chose to reinvest in their assets. Terborgh (1948) on the other
hand retained the term "replacement" but went out of his way to explain
that .t did not imply "like-for-like" replacement. Bain, (1939) did not

attempt to describe replacement investment in practice, but was correct in

pointing out that reﬁiacement was not a technically determined parameter,

" R / |
¢

{\K/’
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but a wvariable endogenous to economic forces. He examined the various
factors that influence replacement investmert and concluded that the most

important factor is technological change. Dean (1851) provided a

meaningfu; classification of investments and identified four major
categories of investment activity: (a) expansion, (b) replacement, (c)
product and (d) strategic investments. Regarding replacement investment,
he identified two sub-categories: (i) "like-for-like" replacement, where

the underlying assumption is that the firm is committed to the continuance

of the same line of activity and (ii) "obsolescgnce" replacement, where the

firm modifies the prodd&tion process, the product line or both. Fhe—
{

distinction bet&een "like-for-like" and "obsolescence" investment parallels

our own distinction between "repair expenditures" and "structural"

investment, \

Schumpeter (1939, 1942), throughout his work, has placed much emphasis
‘on the role of innovation and structura® change as the engine which propels

growth in capitalist economies. For example, he argued the following:
EN

"The essential point to grasp is that in dealing with capitalism we
are dealing with an evolutionary process. It may seem strange that
anyone can fail to see so obvious a fact which moreover’ was long ago
emphasized by Karl Marx ... Capitalism ... is by nature a form or
‘method of economic change and not only never is but never can be
stationary ... The fundamental impulse that sets and keeps the
capitalist engine in motion comes from the new consumers goods, the
new methods of production or transportation, the new markets, the new
forms of industrial drganization that capitalist enterprise creates.
.+« the contents of the laborer's budget, say from 1760 to 1940, did
not simply grow on unchanging liﬂgi, but underwent a process of
gualitative change. Similarly, the HRistory of the productive ap-
paratus of a typical farm, from the beginnings of crop rotation,-
plowing and fa=ttening to the mechanized thing of today - 1linking up
elevators and railrpads - is a history of -revolutions. So is the
history of the productive apparatus of the iron and steel industry ...
or the industry of power production ... or the history of transport-

//// o7
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ation from the mailcoach to the airplame. The opening up of new
markets, foreign or domestic, and the organizational development from
craft shop and factory to such concerms as U.S5. steel, illustrate the
same” process of industrial mutation - if I may use that biological
term - that incessantly revolutionizes the economic structure from
within, incessantly creating a new one. This process of Creative
Destruction is the essential fact about capitalism.™ (1942, pp. B2-
84).

4

v

Schumpeter went on to describe the kind of analysis whitch would be more
appropriate to the real world of economics. It i1s reproduced here because
it is a partioularly fitting critique of Jorgemson's neo-classical theory

of ptimal capital accumulation and his theory of replacement:

’

"... the prbblem that is usually being visualized is how capitalism
administers existing structures, whereas the relevant problem is how
it creates and destroys them. As long as this is not recognised, his

outlook on capitalist practice and its social results changes -

considerably. ... But in capitalist reality as distinguished from its
textbook picture, it is not [price] competition which counts but the
competition from the new commodity, the rew technology, the new source
of supply, the new type of organization (the largest-scale unit of
control for instance) - competition which commands a decisive cost or
guality advantage and which strikes not at the margins of the profits
and the outputs of the existing firms, but at their foundations and
their very lives.™ (1942, p. 84). .

Clearly, the  modern Formulatiog of replacement as a technical
constant, some function of capital stock, ignores a “significant side of
reality, that of evolutiomary structural change. The view suggested in
this thesis makes a real'attempt to capture this structura} change which is
'inherent in our economies. To the extent that we accept that such change
does indeed take place, then it is only reasonable to expect that Firms
will engage in some restructuring of theigmcapital stock through structural

investment. Although much more work will be required to refine the theory

of structural investment, Nelson and Winter (1982) have - shown that

~
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modelling structural\ change is possible. Based on biological models of
Eehaviour and Markov processes, they have succeeded in developing coherent
and powerful models of competitive firm dynamicsewunder conditions of
growth, uncertainty and technolog}cal change.

Now, let us examine some émpirical evidence of structuraleehange in.
the composition of output in Camada. Figures 5-7 to 5-10 and Table§ 5-1 to
5-5 prﬁvide a tentative picture on the chande in the composition in‘Canada
over the period 1951-1985. They provide strong empirical copfirmatibn of
the fact éaat total output has undergone substantial structural change over
the period. They also reveal that growth patterns at the industry level do

A
in fact exhibit a decreasiﬁb rate of growth, consistent with the S-shaped
growth functions used by Kuznets and Burné to study the _growth retardation
hypSthesis in the 1930s. Before we turn to a' detailed discussion of thé
data, however,'isrtain gualificatiops are in order. First, we do not cléim
thqt the gvidence furnished here constitutes direct and sufficient proof of

our proposition that output change’is generated by pro&uéf life cycles.

Rather, we suggest that the overall pattern is consistent with our
hypothesis andhthat it merits further investigation. S?cond, the data
presented here--industrial production indexes and output shares at the one
and two-digit S.I.C. levels--are not in the form which would be most
,approprié%e for the investfigation of individual product and industry gromtaﬁ
patterns. As van Duijn*(1983, pp. 28-30) suggests, a more appropr;ate
framework would be (a) to use longer time series than the ones presented

here (1951-1985); (b) to employ a much higher degree of disaggregation
which does not combine in the same series a variety of different products;

Y N .
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%Eonueg; such data to per capita terms. He states the followings 4

4

(c) to”employ comsumption data rather than. production data and (d) to

"National production figures thergfore give no insight into the

development of national consumption. Life cycle pattédrns, including ‘\

decline phase, would most likely be found for national per capite
consupption; only in a few cases are they Ro be found for ional
production, " . ’

[The] wvisibility of decline obvipusly depends on the industry
delineation used. At the 2-digit SIC-level most industries will

appear to be qgrowing atc all times. Yet within such industries
substitution processes will be going on, such as have been illustrated
with the steel-making example [crucible - Bessemer - open heart-
electric and oxygen steel-making technologies]. Regardless of the

level of aggregation selected, however, whether it is the individual
product, or the commonly used 2-digit SIC-level, or total industrial
production, a constant rate of growth over the entire known life of
the wnit measured will not be the outcome. We may not be able to
foretell what happens past the maturity stage, but retardation of
growth following the introduction of a product, production process, or
innovation in general, is inevitable." (1983, p. 29 and p. 32). ,

" The textile industry in Canada (5:05 SIC) is a- good example.of the
problem of industry delineation and aggregation level. It is 'ﬁomposed of

two major product areas: “cotton yarn and cloth mills (5:05:181 SIC) and

man-made fibre, yarn ang clotH’&C5205:183 siCc). Although' the index of

industrial production for the whole industry suggests modest growth during

the 1871-1983 period, an examination of the two separate prdduct segments

reveals, as illustrated in Figure 5-7, that production of natural %ibre

textiles has declirmed while production of the more modern artificial fabric

textiles has been expanding ovér the period, resulting in moderate output

growth at the 2-digit SIC industry level. Clearly, to attempt a sound

empirical analysis of the growth retardation hypothesis for Canada is

£

beyond the scope of this thesis. All we seek to provide is theoretical and .

-
L4
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empirical support for our argument that change in the output-mix of the
economy is associated with a flow of capital investment:g“\x ’

A Cursory look at total productian as measdred.Ly GNP or GDP in Cénada
during the post-war period suggests that total oytput hasgbeen growing more
or less evenly during the post-war period. 0Once we decomppse total cutput
into its three Eroad componenﬁs, primary, secondaTy-and tertiary sectors,
we can easily“%bserue that growth in each sector has not taken place at the
sa;e rate1. Figure 5-8, for example, shows that the relative contribution
of the service sector to total output has expanded from 46.6% in 1951 to
67.5% in’ 1984, at the expense of both the primary and secondary goods-
producing sectors. The relative share of the non-manufactured goods
producing sector (agriculture, fishing, forestry, mining and construction)
has declined from 23.9%-of total output in 1951 to 11.2% in 1984, while the
corresponding share of total. output of the manufacturing sector has
decliAed from 29.5% in 1951 to 21.3% in 1984, Clearly, these figures
attest to thelmagnitude \pf the structural transformation taking place in
Canada during the post-war period. . To the extent that the service sector
is less capital intensive than the primary and secondary, sectors, it
suggests a decreasing demand for capital goods but an increasing, demand for
labour. Beeson and Bryan.(1986), )for example, confirm that output growth

N

B ’

" In the delineation of the sectors we follow the U.S.A.
classification system in that utilities are eclassified urnder Services
instead of Manufacturing, see Beesomn and Bryan (1986) and Shelp {1981).
The Primary Sector includes Agriculture, Fishing, Forestry, Mining and
Constfuction. The Service Sector includes, Transportation, Communications,
Utilities, Trade, Finance, Insurance, Real Estate, Business, Personal and

* Community Services and Public Administration.
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in the service sector bhas greatly exceeded that of the primafy and
sécondary sectors and resulted in proportionately greater gains in
employment in the labour;intensive service sector as compareaf‘to the more
capital-intensive primary and manufacturing sectors. Therefore, given that
éach sector is defined b; its own capital-ocutput specificity‘and capital-

output requirements, a shift of total output toward léss’capital intensive

Lo . ! - \ . -
goods can affect, ceteris paribus, the total level of capital investment in
¢

the economy. - .
y /\ - — S

When the output of the service sector is taken separately and broken

down to its constituent parts, we find that the share of transportation,
communicatiohs and utilities has risen from 11.6% in 1951 to 14.1% of total
output in 1984 while that of public administration rose from 5.4% to 6.9%
respectively, See Appendix G for these and other data used to construct
Figures 5-8 to 5-10, The share of the remaining three service industries,
i.e., tdade, finance, \commercial and personal services rose from 29.6% in~
1951 td548.5% fn 1984. The industry group chiefly responsible for this
growth 1is community, business and personal services, as can be seen in
Figure 5-9. Whilé,£he wholesale and retail trade sector grew from 10.9% to
12.5% of total output in the'1951-846period, and the finance, insurance and
real estate grew From~8.9% to 13.5%, the corresponding shares Eﬁf‘the
communiﬁy, buéiness and personal services_sector have grown from 9.7% in
1951 to 20.5% in 1984, Growth in this sector of services has been so rapid
that it has long surpassed the primary sector (agricylture, fishing, mining

and construction) as a contributor to GNP. In fact, as Figure 5-10

indicates, the value of output being generated by community, business and

¢
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" personal services has Teached the same level as the<;value of tof%l
manufacturing output in Canada in the early 1980s. To the extent that the
capital-output ratio in the cémmunity} busi;e%s and personal services
sector is significantly lower to that of the manufacturing sector,
significant implications for our hnderstanding of capital investment are
contained here. ; -

13
Tables 5-1 and 5-2 depict industry growth patterns at the two-digit

S.I.C. level of the Canadian manufacturing sector. They show the average

annual growth rates in the index of industrial production for each industry
/
during the period 1851-85. The data produced here are drawn from the

Statistics Canada publications Gross Domestic Product by Industry (61-213)

and Capacity’ Utilization Rates in Canadian Manufacturing (31-003). As

Y

pointed out earlier, it would have been more desirable to examine such

. (a/é;tterns at a more detailed level of industrial classffication and over a

lbnger span of time. \Smoothing of data by computing 3 to 4 year moving
averages and adjustment for popu%ation change would bhave alsc been
desirable. Noqgthqlésg, the data.drovide strong ;upport for the growth
retardation hyRothesis,' regardless ofghow we slice the data (fivé’;;ar ps.
éen year intervals). Table 5-1 for example, indicates that 15 9 out\of 20
industries, growth rates have been exhibiting a eontinuously dimin%éhing
rate of growth. They are taobacco products, leather products, primary metal
products, fabricated metal products, non-électrical machineéy, non-metallic
mineral products, petroleum and coal products, chemicals and chemical

products and miscellaneous products. In nine other industries growth rates

peaked in the 1960 but have been diminishing ever since. They are food

3
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’ , TABLE 5-1
/ . |
.+ AVERAGE ANNUAL GRDWTH RATES IN INDUSTRIAL PRODUCTION .
IN CANADIAN MANUFACTURING: T EAR PERIODS, 1951-1985 .
. “
F1 2z

Two Annual % Annual % Annual ¥ Annual $  Percent ;
Digit, ; Growth Growth - Growth Growth Growth

SIC Manufacturing Industry " 1851-61 1961-71 1971 -81 1981-85 1961 -85

i {
5:01 Food & Beverage Prgducts 5.2 5.6 2.3 0.6 = 85,2
5302 Tobacco Products 12.1 3.7 1.5 - -2.0 44,2
5:03 Rubber & Plastic Products 1.9 15.7 6.2 5.0 401.3
5:04 Leather Products - ) 4,2 1.1 1.0 =24 11.8
5:05 Textile Products + 3.4 9.3 , 3.6 -0.1 161.1
5:06 Knitting Mill Products 7. 10.2 1.6 -1.0% " 128.1
5:07 Clothing Products 3.0 3.5 2.3 O.1% 67.1
5:08 ,Wood Product® - 2.5 5.6 4.6 3.6 159.5.
5:09 Furniture & Fixtures , 5.7 7.1 4.1 -1.0 131.0
5:10 Paper & Allied Products ' 2.9 5.8 2.6 1.5 109.9
5:11 Printing & Publishing 5.8 ° 4.3 7.4 2.7 175.1
5:12 Primary Metal Products - 6.9 1.9 1.1 110.3
S5:13 Fabricated Metal Products - 8.5 3.1 -3.2 110.9
5:14 Non-Electrical Machinery - 1.9 10.7 . 2.0 316.2
5:15  Transportation Equipment 0.0 1.3 3,8 9.0 _ 484.1
5:16 Electrical Products 7.4 - 10.9 4.0 -0.2 190.2
5:17 Non-Metallic Mineral Products 7.9 6.9 2.0 a.0 102.2
5:18 Petroleum & Coal Products 1.7 6.1 4.1 -3.6 94.8 -
5:19 Chemicals & Chemical Products 10.7 10.5 5.6~ 2,7 254.7
5:20 Miscellaneous Products 10.4 7.4 3.3 -2.0 112.2
- <3 3

* For 1981-1884.

- -

Source: Urquhort, M.C. (1983) Historical Statistics of Canada, 2nd Edition, Statlstlcs Canada, Ottawa
Statistics Canada (1983) Gross Domestic Product by Industry, Catalogue 61-213, Annual, Ottawa

ote




RBLE" 5-2

AVERAGE ANNUAL GROWTH RATES IN INDUSTRIAL PRODUCTION
IN CANADIAN MANUFACTURING: FIVE YEAR PERIODS, 1951-85

]

4

_ Tuwo Annual §  Annual §  Annual § Annual § Anmual §  Percent
Digit Growth Growth Growth Growth Growth Browth
SIC - Manufacturing Industry 1951 -61 1961-66  1966-71 1971-76  1976-81 1981-85
( v
5:01 Food & Beverage Products 5.2 5.6 4.3 2.7 1.6 0.6
5:02 Tobacco Products 12.1 4.0 2.9 2.6 0.3 -2.0°
5:03 Rubber & Plastic Praducts 1.9 16,4 8.2 7.6 3.5 5.0
5:04 Leather Products 4.2 2.1 0.2 1.3 0.8 -2.2
5:05 Textile Products 3.4 8.3 7.3 2.8 3.9 -0.1
5:06 Knitting Mill Products _ 7.7 7.6 9.3 1.1 2.0 -1.0%
5:Q7 Clothing Products 3.0 4.5 2.0 5.3 -0.5 0.1%
5:08 Wood Products - 2.5 6.4 3.6 7.0 — 1.8 3.6 b
5:09 Ffurniture & Fixtures 5,7 1.7 1.6 4.9 2.6 -1.0 .
5:10 Paper & Allied Productsy 2.9 7.4 3.0 2.4 2.4 1.5
5:11  Printing & Publishing 5.8 4.4 3.5 7.5 — 5.2 2.7 s
5:12 'Primary Metal Products - 9.7 2.8 0.8 2.8 1.1
5:13 Fabricated Metal Products - 13.2 2.2 4.0 1.8 -3.2 ,
5:14 Non-Electrical Machinery - 16.6 3.9 8.1 9.4 2.0
5:15 Transportation Equipment . 0.0 20.7 10.7 9.8 -1.5 5.0
5:16 Electrical Products | 7.4 16.5 . 2.9 3.7 3.6 -0.2
5:17 Non-Metallic Minera] Products 7.9 9.0 3.3 4.2 -0.2 0.0
5:18 Petroleum & Coal Products 11.7 5.6 5.2 5.3 2.4 -3.6
5:19 Chemicals & Chemical Products 10.7 11.5 6.0 5.0 5.0 2.7 4
5:20 Miscellaneous Products 10.4 8.6 4.3 5.0 1.3 -2.0 .
* For 1981-1984. .o ' . , -
Source: Urquhort, M.C. (1983) Historical Statistics of Canada, 2nd Edition, Statistics Camada, Ottawa
Statlstlcs Canada (1983) Gross Domestic Product by Industr% Catalogue 61-213, Annual, Ottawa
|
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and beveragesy, rubber and plastic products, textiles, knitting mill
products, cléthing, wood products, furniture and fixtures, paper and allied
products and electrical products. Only in two of the industries, printing
and publishing and transportation equipment is there no strong evidence of
growth retardation but this too caﬁ be explaimed. Printing and publishing
is one of the youngest industries whose growth may have peaked anly in the
1970s, later than the other industries. x Transportation equipment is
dominated by the automobile industry. While growth seems to have peaked in
the 1960s, the current revival in the 1980s may very well be due to éhe\
attemﬁts by the firms to extend their product life-cycles by introddﬁing
radically new models (front-wheel drive, ligh%er weight, imbroved
efficiency, Europggn styling,‘Japanese quality) aad by investing massively
in the restructuring of their production facilitie Sections 5 and 6 of
this chapter detail the attem;ts carried out in thys industry to enhance
profiéébility\and growth through structural investment. ‘ )
Table 5-3 ranks manufacturing industries by growth in each of the
three 10-year periods of post war history, 1951751, 1961-71, 1971-81 as

well as the current period, 1981-85. Of the five leading growth industries

of the 18%0s only chemicals and chemical products remained on the list of

the top five. The other four have been declining steadily in importance.

For example, tobacco products, the leading growth industry of the 1850s
dropped to 18th place in the 1960s, 19th in the 1970s. Non-metallic

minerals dropped from 5th in the 1950s to 12th in the 1960s to 16th in the

1980s. The pattern of decline has been also similar’for petroleum and coal .

products and miscellaneous products émdustries. By contrast, of the five
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1951 -61

Tobacco Products
Petroleum & Coal
Chemicals & Chemical
Miscellaneous Prod, !
Non-Metallic Prod.
Electrical Products
Knitting Mill Prod.
Printing & Publishing
Furniture & Fixtures -
Food & Beverages
Leather Products
Textile Products
Clothing Products '
Paper & Allied

Wood Products

Rubber & Plastics
Transport. Equip.‘

Source: Urquiort, M,C. (1983) Historical Stat
Statistics Canada (1983) Gross Domest

&

RANKING OF LEADING GROWTH INDUSTRIES IN GANADIAN
=~ MANUFACTURING:

1961-71

Transport Equipment
Rubber & Plastics .
Non-Electrical Mach.
Electrical Products’
Chemicals & Chemical
Knitting Mills
Textiles

Fabricated Metals
Miscellaneous Prod.
Furniture & Fixtures
Primary Metals
Non-Metallic Min,
Petroleum & Coal
Paper & Allied

Wood Products

Food & Beverages
Printing & Publishing
Tobacco Products
Clothing Products
Leather Products

TABLE S-3

1951-85

1971 -81

Non-Electrical Mach.

Printing & Publishing

Rubber & Plastics
Chemicals & Chemical
Wood Products
Petroleum & Coal
Furniture & Fixtures
Electrical Products
Transport Equipment
Textiles Products
Miscellaneous Prod.
Fabricated Metals
Paper & Allied
Clothing Products
Food & Beverage
Non-Metallic Min.
Primary Metals
Knitting Mill Prod.
Tobacco Products
Leather Products

~

107.2

73.5
62.3
56.4
45.9

© 41,3

40.8
40.0
37.5
35.7
32.9
30.7
25,5
23.4
22.6
19.8
19.0
16.4
14.6
10.3

tistics of fanada, 2nd Edition, Statistics Canada, Ottawa
tic Product by Industry, Catalogue 61-213, Annual, Ottawa

1981-85

Transpaort Equipment
Rubber & Plastics
Wood Products
Chemicals

Printing .
Paper & Allied
Primary Metals
Food & Beverages
Clothing
Non-Metallic Prod.
Textiles

Electrical Products
Knitting Mills
Furniture & Fixt,
Miscellaneous
Non-Elect. Mach,
Tobacca Products
Leather Products
Fabricated Metals
Petroleum & Coal
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slowest growth industries of the 1950s, only one {clothing products)
persists as a laggard industry. The other four have risen in relative
importance. Transportation equipment, rubber & plastics and wood products
have become leading sectors of growth in the 1960s, 1970s or 19865, while
paper and allied products has steadily improved its relative position.

Finally, Tables 5-4 and 5-5 provide a picture of the 25 fastest
growing and 25 slowest growing (three-digit SIC level) industries in Canada
during the 1971-1983 period, as measured by the GOP index. 20 of the. 25
slowest grgwth industries have actually experienced an absolute decline in --
the value of their output since 1971. All excgpt two belong either to the
pri;ary (SIC:04) or the secondary (SIC:05) sectors. By contrast, 12 of the
25 fastest growing industries belong to services (SIC:06-10) but only one
to the primary sector. The distribution of manufacturing industries is
more evenly concentrated, vyet again we find that a larger number of
manufacturing industries (17 out of 25) belong to the slow-growth group as
compared to the fast-growth group (13 out of 25).

The picture which emepées from this evidence is that industries in the
economy do not exhibit constant growth patterns through time. One finds
that over time, industries tend to exhibit a diminishing rate of grouth,

while at any point in time one finds both growing and deciining industries.

Clearly,_expaq?ion and replacement investment as conceived in our textbooks

are incompatible wfth diminishing or negative industrial growth patterns.
To the extent that firms continue to incur capital expenditures in these
industries--and the data show they‘do—-thengﬁt follows that the purpose of

this flow of capital spending must be for a reason other than expansion or




TABLE 5-4

HIGH GROWTH INDUSTRIES IN :CANADA:

1971-1983

(cDP, 1971 = 100)

SIC INDUSTRY GDP INDEX 1983
10 Services to Business Management “282.1
07 Air Transport 276.7
0s Plastic Fabricating 236.6
04 Coal Mines 222.9 °
07 Telephone Communications Systems 221.5
03 Insurance 201.0
07 Electric Power 198.8
10 Amusement & Recreation Services 196.2
08 Banking 193.4
05 Soaps & Cleaning Products 193.3
09 Finance 183.8
05 Motor Vehicles - 170.5
05 Commercial Printing & Typesetting © 169.8
05 Sawmills, Planing & Shingles 168.6
05 Pharmaceuticals 167.6
0s Miscellaneous Chemicals . 166.5
05 Communications Equipment 160.4
09 Securities 160.0
05 Publishing 158.9
07 Gas Distribution 156.1
10 Advertising ' 151.5
08 Retail & Wholesale Trade 150.7
05 Non-electrical Machinerv & Equipment 150.1
05 Man-made Textiles 149.3
05 Scientific & Professional Instruments 148.5
0s Aircraft and Aircraft Parts 143.5
S
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’

" ‘ .
Source: Statistics Canada (1983) Gross Domestic Product by Industry,

Catalogue 61-213, Annual, Ottawa.
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TABLE 5-5

DECLINING AND LOW GROWTH INDUSTRIES IN CANADA:

(GDP, 1971 = 100)

1971-1983

GDP INDEX 1983

SIC INDUSTRY

D4 Asbestos Mines 40.3

04 Iron Mines J 49,5 ° '

04 Metal Mines - 70.2

05 Concrete Products 73.5

D4 Other Metal Mines 74.2

05 Electrical Wire & Cable 79.7

05 Shipbuilding & Repair 83.0

05 Bakery Products B83.9

05 Petroleum Refining 84.3 -

05 Steel & Pipe Tube B87.2

05 Cement & BB.2

05 Truck Body & Trailers 88.2

04 Non-Metal Mines ) 90.5

05 Miscellaneous Metal Fabricating 91.5

10 ’  Elementary & Secondary Schools 93.5

05 " Iron Foundries 94.8

0S Cotton, Yarn & Cloth Mills 895.2

05 Ready Mix Concrete ' 95.5

10 Laundries & Cleaners 8ga.3

04 Gold Mines 89,3

05 Iron & Steel 104.2

s Metal Stamping & Pressing 105.8 -

05 , Smelting & Refining 106.5
05 Veneer & Plywood 1086.7

05 Tobacco Products

106.9 °

/

-

Source: Shgtistics Canada (1983) Gross Domestic Product by Industry, ‘
61-213, Annual, Ottawa. .
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replacement, perhaps structural investment.

3. Capital Heterogeneity and Capital-Output Specificity

In Chapter 4, we presented evidence on the morphological
characteristics of capital in Canada. It is evident that the production
functions inm  different sectors and industries of the economy are
characterized by their own unique capital structure. For example there is
wide variability in capital-output (K/Q) and capital-labour (K/L) ratios
across industries, and equally wide variability in tRe att;ndant ratios of
equipment to plant and building to structures. We reject:the notion, of
capitalﬁhoﬁogeneity implied in the conventional theory of capital and
investme%t. One meaningfu% approach is to substitute the more,;eaiistic

assumptio% of c?pital heterogeneity as the underlying hypothesis in our

investigaﬁiop of’ "replacementh investment.
0
Our approach is, not new. Walras (1926) long ago stressed the

heterogeneity of capitg% ("%es capitaux proprement dits"). . 1In recent
years, Lachmann (1947, 1956, 1977} vigorously maintained that the

composition pf capital is of the essence in the theory of investment. - )

o
9

. ) : b
"A theory of invezmment based on the assumption of a homogeneous and
quantifidble capital stock is bound to ignore important features of
reality. Owing to 1its very character it can only deal with
guantitative capital change, investment and disinvestment. It cannot
deal with changes in the composition of the stock... By contrast, our
conception of capital is that of a complex structure uwhich is
functionally differentiated in that the various capital resources of
which it is composed have different functions... All this has
implications for the theory of investment. We cannot explain how

3 *
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either existing resources are being replaceds whether by their
replicas or otherwise, or what kind of new capital goods 1is being
created, without having first of all learnt how existing capital is
being used. The shape in which new capital goods make their appearance
is determined largely by the existing pattern, in the sense that
'investment opportunities' really mean 'holes in the pattern'...
[once] we abandon the homogeneity hypothesis we are compelled to adopt
a morphological approach to the problems of capital, which must
supersede purely quaftitative reasoning., For the guantitative concept
of a homogeneous stock (e have, to/ substitute the concept of a
Func?ionally differentiated Capital Ftructure." (Lachmann, 1958, pp.
6-10).

Our maintained hypothesis is that capital goods, like consumer goodé,
are primarily built to perform specific functions. Thus the function of a

generator is to supply electrical power; the function of a lift truck is to

»

move materials within a plant; the function gf a stamping press is to mold

a sheet of metal into a specific form; the function of a welding machine-is
to attach two or more pieces of metal together; the fungtion of a lathe is
to cut a piece of material into a desired shape; the function of a

n

photocopier is to reproduce two-dimensional images from one sheet to
another, and so on. Much machinery and equipment is built to perform
either a unigue or a very limited range of functions. The substitutability

of capital goods in different functions 1s extremely limited. This is the

functional specificity of capital.

+

A glaﬁbe at standard textbooks for students of engineering and
productioé management, as for example qun$‘(1969), reveals that equipment ™
is generélly classified into two categories: (a) general-purpose equipment
and (b) special-purpose equipment, depending on the variety of work that
can be performed by the machine; and into féur categories, depending 06 the

amount of attention required by the operator: (a) manu;lly-operated

+ )




equipment; (b) semi-automaticALquipment;(c) fully automatic equipment and

(d) automation. Let us examine each of these categories first.
General-purpose equipment can perform more than one type of work.
Examples of such machines are the lathe (used to cut wood, metal or other
méter%al), the milling machine (used for shaping and dressing mategial),
the drill press (used for making holes in solid materials), the grinder
(used foﬁ, cleaning castings, welds, or any other type of worﬁ) and the
shaper (used to finish flat surfaces of small objects). The‘advantaég—of.
géneral-purpose machines is that they can produce a variety of - products by
a variety of operations. They lend themselves~well to the production of
customized proddcts. A second advantage 1is that a change in product design
or the introduttion of a 'new product does not rnecessitate a change in
equipment although t?ey may reguire ghangesuin tools, dies or attachments.
The cost of general-purpose equipment, is low because the equipment is‘
standardized and available in stock b; capital’goods manufacturers. The
total inuestmen£ is low because this type of equipment is easily adaptéble
to various typeé of work and can be easily used to capacity. Repair costs

are also low because parts are standardize d often interchangeable

between equipment. The major disadvgntage of gdheral-purpose equipment is
that they are slow and uneconomical in the preBuction of large guantities.
Special-purpose equipment, on the her hand, cannot be used for any
work other than that for which they were'designed. For example, a machine
might be especially designed ta peel pears, qgf peaches inxhalf, rémove
grapes from stems or test a can for leaks. Such machines are ordinarily
most economical in large volume production, and are used in mass-production’

e
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industries. Special-purpose machihesigre permanently set up with machine
accessories such as jigs, fixtures, tools and dies. A jig holds and guides

a cutting tool or drill as it performs its work on the material. A fixture
Y .

is mounted on the table top of thE machine to hold the material or

workpiece in position while the wqrk is being pé&formed. A tool is used in
the machine to éupply "the cutting edge, drill point or grinder which
performs the work. A die is a metal block whicﬁ is made with the péttern
or contour of the part to be cut. Dies are used 'to cut or form identical
parts. Special-purpose equipment are inflexible because they are\built to
perform specific functions. Their resale valye is low and they easily
-~

become obsolete in the event of a major change in ,productadesign or @he
introduction of~a new product. 4

, Manually-operated eguipment require constant operator involvement from
starting the machine, placing the materiai in positien, quiding the tool to
perform the required operation and unloading the machine. Examples of
manually operated machings are Bril; presses, lathes, milling machines,
typesétting machines, .sewing machines, 1lift trucks, earthmoving and
agriculﬁu;al machines and trucks. In the office, manually operated
machines .include  typewriters, computing machines, photocopiers and
NSMTychboard telephone equipment. Manually -operated . équipment cannot
produce without their operator. The quality of the work depends very much
ron the skill and experience of the operator. They rengre carefhl planning .
x\“:-in\ work flow and supervision. Nanually;operated machines are being

cnﬁstantly replaced by equipment requiring less worker attention. _ The

change incfeases the volume of production, decreases the need for skilled




‘or semi-skilled workers and lowers unit costs of production.

Semi-automatic equipment operate through a cycle of‘production without
attention. A semi-automatic machine requires atten£ion oqu in loading,
starting and unloaﬂiﬁg it for each successive cycle.  The machine may
deposit the processed material in a pile uwhich is removed at the
convenience of the worker. Limit switchesqiay be installed to shut off a
machine and stop'the flow of work when the processed material in a bin,
tank or hopper reaches a predetermined level. Contrgls of this kind reduce
the amount of worker attention and make the machine semi-automatic. Dﬁe
worker can operate two or mgre of these machinés and thus economize on the
labour input. 3

Fully-automatic equipment operate contiﬁuously through successive
cycles., They do not stop when they haue‘ Finished with one cycle of
operations or one batch of maéerial but rather continue with the processing
of other units. Material is ;ntroduced continuou;ly by the machine and
extra parts are availaéle when required at any phase of the ggeration. In
some machines, the material (such as paper or cloth) is introduced as
continu&us stock, for example, papér for wrapping bread and wire for making
pails. In other machines, the materials are pléced in a magazine from
. which they are automatically fed into the machiﬁé. Tﬁe magazine may be
refilled while 1the machine is 1in operation. Examples are automatic
stokers, coffee grinders, and flour mills.,

¢

Many machines that Formefly required worker control are now made fully

automatic by means of control by magnetic tape. Numerically-controlled

(NC) machines are many times as productive as operator-controlled machires,

'
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and scrap losses are reduced because the tape does not make mistakes. The
tape also makes possible the control of many machines which perform various

operations on a _production line. When several fully NC-machines are
conné&ted with conveyors which automatically trénsport the‘material from
one place to another, the factory resembles a single huge machine with
highly complicated and fully integrated parts. \lWorker attention may be
limited to supervision, inspeétion, and possibly a few manual operations at
certain stages. |

Automation is more than the mere integration of numerically-controlled
equipment into a single process. In addition, it requires the automatig
self-borrect}én of any méﬁhine at any point in the processing. Automation
usually includes the five following elements: &a) materiql is automatically
moved from one working station-to anofher; (b) it is automatically fed—into
the machine; (c) the processing is performed automatic;lly by equipment in
accordance to a predetgrmined sequence or schedule; (d) the materials are
automatically discharged from machine; (e) the machine inspects tbe product
or the conditions under which the operation is performed and corrects
itself if any adjustmené becomes necessary. Clearly, the produyction of
many products does not reqﬁﬁly lend itself to automation. However where it
is applied, the consequefices of automation are far reaching, Plant
location. becomes less dependent on labour availability and becomes more
dependént on proximity to sources of raw materials, service industries,
markets or power. The working hours (capital utilization) can be greatly

expandedt Less floor space is required because machines can be placed

closer together while- the number of direct workers is reduced. More

.
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skilled workers are required to supervise and maintain the system. "A major
disadvantage with automation is that it is less flexible. Dniy'one_kind
of part or product can be made and changes in product design require major
modifications in the production line. Changes in markets and competition
may require that some designs be altered, some products dropped and new
ones added. These factors limit the savings to be made from automaéicn.

Drucker (1974) has provided a very useful classification of broduétion
systems into four major classes, namely, °unique product production, rigid
mass-production, flexible mass-production and process or "flow" production.
Each system is chafacterized by its own production function, cost function,
capacity utilization réquirement, labour requirement and functional
specificity of capital. An  understanding of_%such systems which
cg;racterize production processes in different industries is essential for
the proper spedification~6f investmept %unctions.

Unique-product production is gpe oldest production system known to
man. Examp%es of this type of production are illustrated in Table 5-6, and

- P

include housing construction, engineering construction, plant construction,

g production of custom-made capital eguipment such as turbines, boilers,
| blast furnaces, pulp and paper making machines, heavy industrial equipment
% in general; aerospace (airplanes, satellites,. space vehicles),
shipbuilding, integrated iron and steel ﬁéking and many typp of services
like_, Qerson;l services (restaurants, hairdréésers, health clubs),
-commercial services (management consulting, engineering, adcounting, legal,
marketing, advertising services) and community services (education, health

“: care). Unigue-product production is organized around stages and uses

> -
o

o
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TABLE 5-6

INDUSTRIAL PRODUCTION SYSTEMS

: -
Unique- - MASS-PRODUCTION Continuous-
Product Process
Production Rigid Flexible Production
Housing Building Clothing 0il Refining

- Materials .
Shipbuildin@ Auto Parts Furniture Glass’
Satellites Micro Chips i Automobiles Cement
Rerospace Fast Food Appliances Chemicals
Services: . .

Legal { Household Aluminum

Accounting

Marketing Electronics Alumina

Engineering ® .

Advertising Computers \ Nickel
Custom-Made Shoes Pulp & Paper
Equipment

. Agricultural Beer
Turbines Implements
Soaps and

Steel Merchandising Detergents
Restaurants -

()
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general purpose equipﬁent to produce non-standardized products. It

requires'large~amounts of skilled labour, ;E}@n bordering on craftmardship.
Because of the relatively low capital requirements, production can fall t?
very low levels and still break even. .Table 5-7 summarizes the attributes
of each major production system in Drucker's classification.

!
Continuous-Process or Flow Production is the opposite of unique-product

proguction. Here production is highly integrated, automated and highly

’

capital intensive. yThe classical example of this type of production is the
oil refinery. Other examples include the smelting of alumina, aluminum,
and nickei, cement, glass, petrochemicals, soaps, pulp and paper, beer and
milk. Continuous-process production typically takes place 24 hours a day,
7 days a week. Shut-down and start-up costs are enormous._ §he production
process is higﬁiy technical ana éapital intensive. Labour requirements are

low but .highly .skilled and specialized personnel are required to run the

system, - The advantage of continuous process production is that it provides

. substantial economies of scale: The disadvantages however, are that it

ol

requires a high level of capacity utilization to be proFitéble and that it
has no flexibility in prodﬁct design and spécification changes or in tge
production of new products. Consider an oil refinery for example. The end
products that a refimery will produce out of crude oil are determinéd by
the process it uses. It can produce only the oil distillates for which it
was built and only produces these distillgtes-in definité proportions. If
new distillates have to be added or if the proportion of the var;ous
distillates is to be significantly chariged, major capital expenditures are

1]

required.

' . L.




ATTRIBUTES OF MAJOR TYPES OF INDUSTRIAL PRODUCTION SYSTEMS

TABLE 5-7

nt

Unique Product Mass Production Pracess

' - Production (Line Production) ot (Flow)

Attributes : (Job Lot Production) Rigid Flexible Production
¢ Jv
Type of Product Nen-Standardized Standardized Variable. Variable
: ) , Standardized Standardized
Type of Equiphent General Purpose ’Special Pufpose Speéial Purpose Special Purpose
’ Standardized Tools
, !
Type of Parts/Materials Non-standardized Standg¥dized Standardized Either
Type of Labour Highly Skilled Uns Semi-Skilled Skilled
Quantity of Labour/Capital High Lout Medium Low
Process Flexibility High Low { Low Low
(versatility) - ;
Capital Integration Low High High High
w \/

Volume Requirement Low High Medium . High

§
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Rigid mass-production employs a highly integrated,automated and
capital intensive proces;”ﬁhd it produces large quantities of a uﬁiform,
standardized output. It requires high skill in the technical design énd
maintenance of the process\ but very ' little skilled labour is r#quired in
its.operation. Like continuous-process producﬁion, it relies heavily on
special-purpose equipment, speeifically designed to perform the specific
functions required of the process., The essence of mass-production 1lies in
the standardization- of output. By producing and selling the same type of
\Dutput, }ou ban éfford to design and install highly specialized egquipment
which will /bring down the final cost e;ﬁ?he product to a minimdm. This is
what Henry Ford meant wheﬁ he said that\"the customer can have a car in any
color as long as it's black". 'I? the manufacturer were to try to appeal to,
Qarious tastes and éegments of the market simultaneously, he would never be
able to -produce large enough quantities to make the use of special-purpose
equipment peofitable; and without the use of special equipment, he could
not afforp to bring the price low enough to céeate a major ﬁarket for his
product. Ey the same token, the highly specialized "and integrated
prodqction process turns out ﬁb‘be its major disadvantage. The process is
not flexible enougg_ﬁor the production of diverse products. )

Flexibié'ma?é{production seeks to take advantage of economies of scale
by assembling. the final praoduct 'from mass-produced, standardized
components. Without compromising the economies of mass production, it
enables a diversity oﬁ end products which cdn be tailored to meet a diverse

range of customer needs. What Henry Ford did for rigid mass production,

Alfred P. Sloan of General Motors did for flexible mass production. Sloan

e
E



) stations, adjusting the rhythm and speed of the

228
introduced diversity through different models  (Chevrolet, Pontiac,
Oldsmobilé, Buick and Cadillac), different colours, body styles, seat
fabrics and éccessories. Yet all CM cars use the same Framés; @hé same
engines, ChaSS%S, brakes, electricgl systems and carburators 5; then can be
ﬁroduted from the Eame assembly line.

For most mass-production processes, the preferred priﬁciple ‘is
flexible mass—p;oduction. Until recently, however, mechanization and
flexible mass production were very hard tof combine, because the toolé
appropriatg to mass production are inherently inflexible. The arrival ;f
the computer, hgweuer, has started changing this. With the introduction of
micro-computers, capable of being insta}%ed'on individual machine -tools,
standard numerically-controlled (NC) equipment are being replaced by
computer-numerically controlled (CNC) equipment, which can adjust their
FunFtion more quickly and at less cost. In tr?ditional mass-production,
any change in product specification or process requires stopping the
process for days or weeks at'a time. Change requires altering the machine

set-up, cleaning tools, changing dies, changing the position of work

roduction process. With

manufacturing (CAM) in the
R /
context of computer-integrated manufactuging systems (CIM) is greatly

v

/
enhancing the flexibility of mass déod ction systems, while improving
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(1980), Saturday Night (1983) and Business Week (1986b) provide in-depth

- descriptions of the new manufacturing processes currently being introduced

in industry. See also Scientific American (1982) for a special issue on

”

the "Mechanization of Work" in various sectors of the economy (agriculture,
mining, manufacturing, commerce and office work)..

It becomes clear from the above review of types of equipment and
production systems that much of the output in our economy is produced by

o -
special-purpose equipment. Out of the four majSr production systems, three

(rigid and flexible mass-production and process production) rely on
special-purpose capital éoods. ) Therefore, if we accept that capital
heterogeneity and functional specificity are the rule rather than the ™
exception in any economy, it then follows that the composition of capital
is intimately linked to thc composition of the economy's demand for output,
thé capital-output‘specificity hypothesis. Consequently, a change in the
composition of demand will generate a change in the ;Lsired combosition of
capital. As fifms attempt to adapt their existing structure of capital to
the one favoured by trends in market demand, there will be a need to inues§
in the modernization, revamping, refitting and tranéformation of their

existing facilities. In short, change in the compdsition of depand will

induce s%ructurql invesiment spending.

\
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4, Capital-Output Specificity and Structural Investment

Capital goods exhibit functioqal specificity; that 1is, they are
desigrned and built to hperform specific functions, This reflec%s the
association of partiéular types of output with particular types of capital
goods, as clarified in Matziorinis (1988). We can thus express the
relationship between the composition of an economy's cgpital stock and the

composition of its output by the notion of capital-output specificity. The

s

consequences  of such specificity are evident if we observe the

compositional changes in beth aggregates that stem from responses to

~changes in demand, relative 1levels of factor prices, teéhnologY, the

¥

regulatory environment and our principal econopic institutions. }nvestment
expenditures and related activities permit competitive fifﬁs to evolve and
they clearly must be partially détermined by compositional factors. _This
evolutionary perspective is complex if dealt with adequately but the impact

of compositiénal shifts in output on investment can” be illustrated by a

simple modification of common Hgoclassical models of capital accumulation,

»

such as the stock-adjustment formulation presented in' Branson (1979, pp.

224-227). .

Under competitive conditions with' parametric prices and production
. ) %

possibilities described by,é well-behaved Cabb-Douglas function

- , ‘

» >

a representative firm can be assumed to maiimize profits so
2
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. where p is the selling price of output, ¢ or q (r +5) is the rental price

of capital, 4 is an interest rate, § is the physical rate of capital

depreciation, Q@ 1is the level.of output, K is an index of capital, g is the
acquisition price of the capital good, and both A and & are fixed
52 g}Qroé’uctinon, coefficients.. By invoking an analogy prinfiple, this

)/-{&’o —“‘ R = o
"> equilibrium condition has often beenm used for aggregate magnitudes and

> C o
‘

functions. The manipulation yields

. K= e(p/c) Q

whereby capital is prggc;rtionél to output but the factor of pngportionality

/J
depends on the relative price (p/c). Implicit in this simple theory is the

£

assumption that S : the ratio o;r‘ replacement investment to capital stock,
is a fixed constant.

Among other problems with the theory, it lacks dynamic content. This
can be addgd in several different ways. One of these represents the

outcome of the theory as 'desired capital' and then expresses the firm's

(or economy's) expansion investment as determined by the change in this _

1

desired capital; namely o

Xol(p/e)a] = &XQ A(p/c) + «{p/c) AQ

a

Thus gros:s investment, I, is approximated by

rd

1 =&, Alp/e) + O, A0+ Sk

N



with other i\ngredients omitted as of a lower order of magnitude. From this
basis, it is tempting to recognize gross investment expenditures for two N

separate capital goods by adding a further subscript:
.Ii=a1iA(p/Ci)+aZi Aui+ SI'LKi fori=1,2

where capital-output lspeci’r‘icity provides the justification for the
subscript given to AQi. Here output Qi is produced by using Ki and no
other capital ggod. Suppose, for simplicity, it is meaningful to use
aggregate maxgnitudes formed by simple sums of the {Ii-g and ‘the -s. OJ} Let

these be denoted I, for (I1 + 12), and Q, for (Q1 + 02).
_ z
I =20 Alp/cy) +F%, Aq, + 161 Ky

Consider the second sum of this mathematical expression of aggregate .

-~

investment:
Ky AQy +&Xyy Ay = Koq Qpy - Koy Quy g +&opp O =05 Oy 4

This can be re-expressed by a numbe; of 'decomposition formulae' (or shift-
and-share formulae) but it is easier to assume a compositional shift that

leaves total output unchanged so
Ad= AQ, + AG, = O
Then the second sum is
(X5 -&X,5,) AQ,

which is positive or negative depending on the relative size -of the
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\\,///(toefficieﬁts, X 297 and X 598 3S well as on the compositional shift
affecting 1301. Whereas the acpeleration impact of AQ in the first model
with only kﬁae capital good is clearly zero, it has tao be augmented by
compositional impacts as soon as we enlarge the model to include additional
capital goods. These impacts occur . even when zﬁu is identically zero so
seems inadequate to represent the difference between gross investment and
"replacement investment" ( 1K1 + 2K2) in this model as "expansion"

‘inve;tment. Such terminology distorts the treatment of these phenomena

when we acknowledge multiple capital goods gnd the attendant constraints of

capital-output specificity. (

5. Structural Investment: Some Strong Empirieal Support

Before we examine more evidence in favcur of our hypothesis of
structural investment, let us rteview our definition of structural
vaestment. First, structural investment has nothing to do with expansion
or maintenance of production capacity--where the Lnderlying assumption is
that the firm is committed to the same 1line of activity. UWhere the firm

adds to its production capacity, the exhénditures incurred are clearly

~

£
expansion investment, Where the firm maintains production capacity, it

does so’ in large part by replacing cdhponents of major pieces of capital

equipment. These expenditures are -expensed and therefore do not appear in

}

capital investment figures. This leaves us'with a major segment of capital

investment spending which does not belong to either category. In some

N

[
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industries, for example the U.S, iron and steel and automobfﬁg/ﬁndustries,

it makes up the majority -of capital investment outlays. -

Structural investment refegs to capital expenditures intended for a

variety of purposes, other than expansion or maintenance of production
capacity. Structural investment is intsndpd (a) to adjust or modify the
firm's proddction capacity to prodﬁce'a different product or output-mix;
(b) to adjust or modify' the firm's production process to utilize a
different mix of factor imputs (capital, labour, raw materials, enmergy) so
as to enhance productivity and lower unit costs of production a?d (c) to
improve thejk;ality of the work environment, the quality of the output, and
reduce pollution emissions (air, water and sound). Changes - in the
composition of demand, product and process technology,, prices of facter
inputs, @hé social-fegglato;y environment and the competitive environment
K

of the firm (whether domestic or international) continuously pose a threat

to the profitability and the long-term ability to survive of the firm. To

A
adapt to 1its changing enviromment, the firm is pressured to'find/means/to

—

o
—

enhance its net revenue by substituting among p;qducts//éﬁifto reduce its

) - .
costs of production by substituting in favour of factors with lower cost.

This process aof adaptation, generally though not aluays, entails a flow of

capital investment outlays. They appear under a variety of labels

including upgrading, modernization, modifications, retrafitting, upgraging

and replacement, pollution abatement, productivity enhancement and
rationalization. What all these terms have in common is change in the
structure- of productidn to enhance profitability and ensure the long-term

viability of the firm. Hence, we have grouped them under the heading of

/ ) :

¥

1] / /
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stfuctural investment. ~

»
let us turn to some of the evidence. Table 5-8 provides data on
replacement and modernization in major United States!/ manufacturing

industries for .1985. 73% of total manufacturing investment ‘or $111.8

billion wg;gﬁdevoted to some form of structural investment. The share of
such expenditures is over 85% in a number of industries, such as iron and
steel, nonferrous metals, nonelectrical machinery, autos, trucks and parts,
féBricéted metals, rubber and plastics and textiles. In the automobile and
iron and éteel sectors, the share of structural 1nvestment is as high as
98% and 97% of total capital outlays. It is 1nterest1ng to note that in
many cases, high structural investment outlays occur despite absolute
decreases in production capacity (iron and steel, electric machinery,
petroleum) or low rates of capacixy utilization (iron and steel, electric
machinery, ncnelecﬁri;al machinery, c%emicals and petroleum). Also high
shares of structural investment éie<generally positively correlated with
high ratlas of equipment to plant outlays. Since much%replacement
investment takes the form of minor replacements and therefore is expensed,

&
is highly unlikely that all of these expenditures for replacement and

-~

modernization are for "like-for-like" replacement purposes. It Is most
) v
probable, therefore, that they have been incurred for some form of

structural investment, thereby providing strong direct evidence in support
=T

of our hypothesis. - (/'

\

Table 3-1, -suggests that structural investment outlays have averaged
\
over 50% 'of capital spending in the U.S.A. since 1950, ‘with this share

rising significantly since 1980 to uwell over 60% of real,fmanufacturihg

Pd ))
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TABLE 5-8

REPLACEMENT & MODERNIZATIDN EXPENDITURES & OTHER DATA:

U.S. MANUFACTURING, 1885

tquipment

'Investment Repl. & Moderri. Repl. & Modern. Capacity Capacity
Expenditure Share Expenditures Expansion Utilization vs. Plant |
$ Billions % $ Billions Rate* Share
N é;,
Iron & Steel 4,10 g7 3.98 -1.83 60.2 94
Nonferrous Metals 1.88 a1 1.7 +7.46 88.3 a5
Electric Machinery 15.97 65 10.12 -0.90 76.1 77
Nonelectrical Machinery 15.97 87 13.89 +14,14 - 67.0 84
Autos, Trucks & Parts 14,45 98 14.186 0.00 96,1 93
" Aerospace 3.486 78 ¢+ 2,70 - 84.6 75
Other Transp. Eguipment 1.38 - <~ _+5.80 - -
Fabricated Metals 3.56 86 3.06 =1.15 68.8 86
Instruments 3.72 75 2.79 -1.15 ©175.9 65
Stone, Clay, Glass 3.40 78 2.65 +1.56 87.0 87
Other Durables 7.03 538 4,15 - 6.7 87
Total Durables 73.14 81 59.24 - 78.3 84
Chemicals 16.45 72~ 11.84 +1.63 2.2 B4
Paper & Pulp 8.53 B4 5.46 +3.12 90.7 86
Rubber & Plastic 3.83 91 P 3.49 +0.55 88.5 11
Petroleum 26.68 60 16.00 -1.43 87.4 54 ]
Food & Beverages - 10.29 70 7.20 +4.,40 87.3 80 j
Textiles 1.78 85 1.9 +2.38 © 84.8 4
Other Nondurables 12.45 44 < 5.48 - 688.0 73
Total Nondurables 80.01 64 51.20 -- 77.8 72
All Manufacturing 153.15 73 111.80 +5;DQ 7.2 7
* As of December, 13985 [N >
o0

Source: McGraw-Hill (1986) Historical Capital Spending & Related Data, (Economic Dept.), New York
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capital outlays. Again, it isﬁ highly uniikely that ‘s;ch significant
expenditure; have been devoted for pure replacement purposes. Data spanning
a shorter périod but with gréater detail are available for Canada. Table
3-2 and Figure 5-11 provide a breakdowun by major purpose of capital
spending in, the manufacturiné sectdr of Canada over the 1977-1985 period
(as compared with manufacturing and nor-manufacturing combined in Table
4-5), Structural investment in Canadian manufacturing has averaged S0% in
1977-1981 and has been rising since 1881, [surpassing 70% in 1985. The
expansion share has been decrgasing over the same perioa from about 50% of
total spending to about 30%. The drop) in expansion has beery most
pronounced in neu-site (greenfield) expansions, where the share has dropped
from over 20% in 1977 to just 5% in 1985 (see Table 3-2). A break-down of

Structural investment by purpose is also shown in Figure 5-11, and in

Tables 4-6, 4-7 ah 4-8. The replacement and upgrading component has risen

from under 30% in 1977 to over 35% in 1985 (out of total mahufacturing.

investment) while ghe "gther" investment component has risen from under 20%
to over 30% over the same period. As can be seen in Table 4-6, “other"
investment includes capital spending in research and development, pollution
abate@ent and mor&ing environment but als; includes an unspecified
companent which has risen from 8.8% of total spending to 23.4%. MUéh of
thig represents spending on special tooling for model change-overs in the
automobile industry and plant conversions. lTablg 4-7 shows the breakdown
_of these re-tgoling and conversion éxpenditures by major industry. M;jor

beneficiaries have been the autométive sector, followed by the forest

products and primary metals sectors. Clearly hgre we have .additional

®

e




FIGURE 5-1Y

CAPITAL INVES'II'MENT EXPENDITURE SHARES, BY PURPOSE: . ’ §
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evidence of structural %pvestment outlays. At 70% of total manufacturing

investment in both Canada and the U.S5.A., they certainly deserve more

attention, o R Y

For further support of the hypothesis of structural investment, let us
examine long-term capital spending patterns in two importamt industries of
the U.ﬁ.A. economy, namely, the motor vehicle and iron and steel industries
during 19857-1985. Both provide convincing evidence. of structural
investment.

Table -5-9 and Figures 5-12 and 5-13 provide data on capital
investmeht,floutput, capacity and other vériables for the automobile
industry. Why these -data are so interesting is because the automobile
industry is.;ell known For‘its frequent model changes and<~con§equent re-
tooling expenses for plgnt énd equipment. They reveal how change in the
coqposition of output generétes a positive level oiﬁﬁigheétmeTt outlays.
"Replacement and modernization" spending has averaged 74% over this period,
with the level of real ;pending on struwctural investment exaibiting a
rising trend, ;érticu;arlyﬁsince 1976, Firms in the. automobile secto; have
been significantly increasing their outlays for structural purposes despite
low capaci!y—utilization rates and very modest increases in capacity. It
appears that structural investment outlays are a key determinant in
subsequently raising sales and capacity wutilization. This can be seen
since 1976. Despite falling rates of capacity utilization and negative

profits, firms in the automobile industry massively invested in structural

changes. Intuitively, it is not hard to-—see why the introduction of new

car models with new styling, improved fuel eﬁficiewcy, better road handling

E]
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Table 5-9 {
INVESTMENT, OUTPUT & CAPACITY, U.S.A. .
' MOTOR VEHICLE INDUSTRY: 1957-1985 ——

Total* Expansion Repl. & Mod. Expansion Repl, & Mod. Total Total Capacity Plant Equipment
Year Investment Share Share Investment* Investment® Output Capacity Utilization Share Share

$8i1. 4 4 $Bil. $8il. Millions 1967=100 4 4 4
1957  2.08 30 70° . 0.62 1.46 7,2 75 76 N/A N/A
1958  1.48 © 14 ‘86 0.21 1.27 5.1 77 78 N/A N/A
1959 1.65 1" 89 0.18 1.47 6.7 78 a8 17 83
1960 1.94 15 85 0.29 1.65 7.9 81 80 8 92
1961 1.80 10 o 0.18 1.62 6.7 82 86 20 80
1962 1.88 7 93 0.13 1.75 8.2 83 88 21 79
1963 2.34 11 89 0.26 2.08 9.1 85 89 22 8
1964 3.15 21 79 0.66 2.49 9.3 a7 95 19 a1
1865 3.83 51 49 1.95- 1.88 1.4 93 96 21 79
1966 3.a8 49 st 1.90 1.98 10.4 96 90 24 76
*1987 3.42 65 315 2.22 1.20 9.0 100 89 19 81
1968 3.06 43 57 1.32 t-74 10.6 102 91 25 15
1969 3.33 54 46 1.80 1.5% 10.2 108 8s 24 .76
1970 3.23 27 73 0.87 2.36 8.3 12 87 18 82
1971 2.49 18 Bé 0.45 2.04 10,7 113 g7 12 eg
1972 3.00 14 86 0.42 2.58 11.3 119 109 22 18
1973 3.1 45 55 1.67 2.04 12.7 124 90 16 84
1974 3.85 37 , 63 1.42 2.43 10.1 126 55 25 5
1975 2.57 46 - 54 1.18 1.39 9.0 131 172 25 5
1976 2.21 42 58 1.10 1.5 11.5 136 91 11 a3
197 3.94 40 60 1.58 2.36 12.7 147 90 ‘18 a2
1978 4,50 35 65 1.58 2.93 12.9 148 83 16 84
1979 4.7M 24 76, 1.13 3.58 1.5 150, 74 35 65
1980 4,69 13 a? 0.61 4,08 8.0 152° 61 15 85
1961 4,70 9 a1 0.42 4.28 7.9 152 61 21 79
1982 3.44 2 98 - 0.07 3.37 7.0 152 57 9 9
1983 3.55 3 97 0.08. 2.96 9.2 152 B4 6 94
1984 4,50 14 86 "0.63 3.87 10.9 160 81 13 86
1985 5.59 _ 2 a8 0.11 5.48 160 96 1 93
*In billions of 1972 constant U.S. Oollars.

' -3

Source: Department of Commerce Bureau of Economic Analygis, Survey of Current Business, Sept. 1981, pp. 26-41.

McGraw-Hill, Oepartment of Economics, Historical™Tapital Spending & Related Data, June 1986.
Motor Vehicle Manufacturers' Association (1985), Facts and Figures ‘85, Detroit.

Motor Vehicle Manufacturers' Association (1986), Economic Indicators: The Motor Vehicle's Role in the U.S.
Economy, Detroit. ‘ )
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- ( ’ FIGURE 5-12

CAPITAL INVESTMENT EXPENDITURES IN U.S. AUTOMOBILE
‘ INDUSTRY: 1957-1985 '
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) STRUCTURAL 'INVESTMENT AND CAPACITY UTILIZATION RATE: ,: - ‘ e
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and improved guality, should-subsequently raise fhe level of sales and
consequently fﬁe rate of capacity utilization. ODuring the six-year period
{980-85, U.S. automobile producers spent $21 billion (in 1972 dollars) on
re-structuring their production processes. Ouring this period the ‘share of
"replacement and modernizafion"*averaged ?3% of total capital spending,
while the share of equipment outlaYs>ﬂaveraged 88%. Total capacity
increased by only 5.3% during this six-year ’'period. Analysis of the
changeé’ that hava occurred recenti; by, for example, the Motor Vehicle
Manufactirers' Associat}on (198%, 1986) reveals that there has been an
qnpracedentgd‘rise in new model introductions, a massive shEFt'from rear-

wheel-drive to front-wheel-drive, substantial reductions in car sizes and

weight, substantial improvement in fuel efficiency and quality,. as

evidenced by vehicle owner satisfaction ratings and extension of automobile

w

warranties. There has also b massive re-tooling in new computer
numerically-controlled (CNC) machine tools, robotization (in paint shops
and welding), ‘statistical process control (SPC) and just-in-time (JIT)

inventory methodsz. An examination of the Annual Reports of ‘the "Big Four"

automakers, as well as industry journals, will impress the reader of the

extent and nature of this massive restructuring of the production process.
N

Table 5-10 provides additional evidence from G.M. Canada Ltd., for which

national segmented figures are available. Despite a drop in earnings and

even losses inl1981 and 1982, G.M. Canada mounted "a massive imwestment

0

]

2 For a descrlptlon of these new technologies see Scientific American

(1992) and Economic - Council of Canada (1986). The latter publlcatlon
includes many examples of the application of these technologles in Canada
by Chrysler, G.M. and Ford.
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TABLE 5-10 \
! N
e SALES, INCOME & CAPITAL INVESTMENT: .
GENERAL MOTORS OF CANADA, 1976-1985 N
o \; i - r _ "/’,’}’
_ N \1-9@ . /,«/—T/ i
" 1976 1977 1978 1979 . 1981 1982 1983 — 1984 1985 e
. — \\L‘_ﬁ -_— - -
Unit Sales -- - 852,896 842,785 699,797 677,285 564,704 801,779 825,599 841,448 {
% ‘,}?
Net Sales x
Mmillions- of $ 5,198.8 6,115.4 7,721.1 9,409.8 9,451.3 10,416.1 9,570.5 13,805.4 16,297.7 18,993.3 v
Net Income ‘ “
Millions of $ 159.8 180.6 203.0 246.8 - S5.0 - (10.3) (n.7) 675.6 880.8 713.0
Plant & Equipment . j
Expenditures - 38.7 116.5 ‘ B6.2 177.2 468.5 784.4 201 .6 155.0 184.8 541.0 %
Special Tools ’ 5
Expenditures 122.3 183.0 74.8 141.8 - 290.6 316.2 122.6 187.1 82.7 133.4 %
Total Investment . 5
Expenditures' 161.0 . 299.5 161.0 318.0 760.1 ! 1,064.6 324.2 342.1 267.5 674.4 , %
i ’ [ ] < Y %{
: . =
Source: General Motors of Canada Limited, Annual Reports, 1981-85. it
' ~ , "
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s
. J 3
Pl 9 \ i
' | .
» ; ) — { .




v

245
program to re-tool and 'modernize its facilities. Specific examples of
automotive structural investments are given in T%blg 5-13 at the end of
this section.

Tables 5-11 and 5-12 and Figure 5-14 provide similar ddta for the U.S.
iron and steel industry. UWhilE the North American automobile industry is
an excellent example of an industry that has successfully adapted to
changes in its competitive environment (the market threat paosed by- European
and Japanese producers and the dramatic increase in the price of gasoline)
through massive re-tooling and structural investment, the U.S. 1iron and
steel industry is as example of an industry that failed to adapt quickly
enéugh to changes in its market environment. Capital Qgending in this
sector was substantially less than the automobile sector ove;>7;£;21957-1985
period. As a result, the iron and steel industry failed to .introduce the
type of npewer technologies which providéd the competitive advantage to
of f -shore producers, such as electfigal steel making'and conﬁinuogs"casting

technologies. As a result, iron and steel output has been falling since

A Y

1980, steel-making capacity has been diminishing, there bave been dozens of

plant closings and massive layoffs while the rate of capacity utilization
has reached historical louws. Yet even here, U.S. steei makers are now
making some efforts to adapl to the competitive challenge. Structural
investment outlays have risen since -1975 relative to previous periads. ¢
U.Ss. steei producers are currently in the process of expanding the morsg,
cost efficient steel-making technologies. The percent of steel produced by

electrical furnaces has jumped from 19.2% in 1976 to 33.9% in 1985 while-

the percent of steel cast by continuous casting methods has risen from

o]
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TABLE 5-11 "&
INVESTMENT, OUTPUT & -CAPACITY, U.S.A.
IRON & STEEL INDUSTRY: 1957-1985
. |
Total* Expansion Repl. & Mod. Expansion Repl. & Mod. Total Total Capacity Plant Equipment
Year Investment Share Share Investment Investment  Output Capacity Utilization Share Share
e $ 1972 Tons 1967=
Billions 4 ) $ Bil. $ Bil. Millions 100 4 4 z
1957 2.00 60 40 1.20 0.80 112.7 79 68 - -,
1958 1.48 55 45 0.81 0.67 85.3 83 73 - -
1959 1.12 39 61 0.44 0.68 93.4 86 96 21 79
1960 1.84 18 81 0.35 o 1.49 99.3 B6 50 22 78 i
1961 1.20 16 84 0.18 1.0 98.0 87 83 18 82 X ;
1962 1.0 18 82 0.18 0.83 98.3 88 75 3 9 L
1963 1.19 30 0 0.38 0.83 109.3 B8 - 15 85 )
1964 1.90 40 60 a.76 ! 1.16 127.1 90 - 13 a7 3
1965 2.09 30 70 0.83 1.46 131.5 a4 - 13 87
1966 2.20 24 76 0.53 1.67 134.1 ag’ - 12 88
1967 v 2.36 29 gl 0.68 1.68 127.2 100 - 10 90
1968 2.39 49 51 1.17 1.22 131.5 103 - " 89
1969 2.10 64 36 1.34 0.76 141.3 107 - 12 88
1970 1.76 69 3 1.21 '0.55 131.5 108 - 10 9Q -
C 197 1.32 46 54 0.61 0.M 120.4 110 - 12 a8
1972 1.06 37 - 63 0.39 0.67 133.2 110 - 14 86
1973 1.19 32 68 0.38 0.81 150.8 1M a5 11 ‘89
1974 1.65 74 26 1.22 0.43 145.5 114 82 11 89
1975 2.28 31 69 0.7 1.57 116.6 115 62.5 11 89
1976 2.18 34 66 0.74 1.44 128.0 - 117 70.5 13 87
1977 1.90 29 ) 0.55 1.35 125.3 115 77 12 es
1978 - 1.56 24 76 0.37 1.19 137.0 116 88 11 89
1979 1.68 26 14 0.44 1.24 117 93 11 89
1980 1.69 33 67 0.%6 1.13 1m11.8 117 82.6 8 92
1981 1.67 32 68 0.53 1.14 120.8 121 7.5 8 92 .
1982 1.67 15 85 0.25 1.42 4.6 121 43 18 82
1983 1.36 14 86 g.19 1.17 84.6 120 54.3 13 a7 -
1984 1.42 16 B4 0.23 1.18 92.9 109 61.9 14 86
1985 1.58 3 97 u.0s 1.53 88.3 W7 60.2 b 94 N
72.9 N
* In billions of 1972 constant U.S. dollars, N
SOURCE: Department of Commerce, BEA, Survey of Current Husiness, Sept. 1981, pp. 26-41. PN
- McGraw-Hill Department of Economics, Historical Lopital Spending & Related Data, June, 1986. 5))
American Iron & Steel Institute (1985 Annual Statistics Report, Washingtom, 0.C. T }




Table 5-12

PRODUCTION, INCOME & INVESTMENT STATISTICS,

U.S. IRON & SJEEL INDUSTRY:
1976-1985

y Gross il

1 Steel Steel % of Import Net Capital Fixed Average Qef U.S. Production . BLS Product-~
Year . Production Capability Capability Share Income Expenditures Assets Employment By Tye of Furnace By Type Cast fvity Index*

1 Mil. Tons Mil. Tons f - £ Mml.$ Millions $ Thousands ~ OH. BOP Elect. [Ingots Continuous ;
. |

‘ |
1976 128.0 158.3 80.9 14.1 - - - 4541 18.3 62.5 19.2  B9.3 10.6 99.0
1977 125.3 160.0 8.4 17.8 _ _ - 652.4 16.0 61.8 22.2 B87.3 12.5 100.0
1978 137.0 157.9 . 66.8 18.1 - = - 649.2 15.6 60.9 23.5 84.6 15.2 108.3
1979 136.3 15,3 - 87.8 15.2 B80S 2,469 36,000 453.2 14,0 61,1 24.8 82.9 16.9 106.9
1880 111.8 153.7 72.8 16.3 681 2,651 37,117 398.8 11.7 60.4 27.9 19.5 20.3 102.9
1981 120.8 154.3 18.3 18.9 1,653 ° 2,31 38,9M 390.9 11.1 60.6 28.3 78.2 21.6 112.0
1882 7.6 154.0 48.4 21.8 (3,384) 2,258 38,518 289.4 8.2 60.7 3.1 70.9 29.0 9.9
1983 84.6 150.6 56.2 20.5 (2,231) 1,850 34,283 242.7 7.0 61.5 3.5 67.8 32.1 116.
1984 2.5 135.3 68.4 26.4 (31) 1,203 35,1498 36.0 8.0 57.1 33.9 ©60.3 39.5 _132.0
1985 88,3 133.6 66.1 - 25.2 (1,743) 1,668 35,468 8.2 7.3 58.8 33.9 B85.5 44.4 138.6
1986 72.9

*Output /Man-hour

Source: American Iron & Steel Institute (1985) Annual Statistical Report, Washington, D,C.

|
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; FIGURE 5-14~

CAPITAL EXPENDITURES IN THE U.S. IRON & STEEL INDUSTRY:

1957-1985 .-

Capital Expenditures
*In Real 1972 Dollars
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10.6% to 44.4% over the same period. In the meantime, productivity has

also been rising. The message is clear: U.S5. iron and steel makers either

¢

.commit themselves to massive structural ,investn\f:: to lower costs and

improve quality or they will continue losing share the domestic and

world steel market. It is through capital re-structuring that the U.S.

steel industry can survive and prosper in the long-run'and this entails

—

s:tructural investment outlays.
Table 5-13 provides some specific examples of structurai investment,
It contains summaries taken from the press and industry journals in Canada

of capital investment projects, whose purpose 1is to -modify or alter the

production process, and in most cases, also change the quality or the

nature of the product. Aside from the Canadian ay‘tomotive sector (which
“C\m’/ B

parallels trends in the U.5.A.) the Canadian pulp and paper, textile, shqe

manufacturing and petroleum refinan industrie§ have been excellent

examples of structural investment activity. Examine, for example, some of

the capital spending projects in the pulp and paper industry. There have

b

been two major developments in this sector. Fipst, pulp and paper makers

‘have been converting their newsprint mills to thermomechanical (TMP) and

chemi-thermo-mechanical (CTMP) pulping processes, away from thes more/

expensive traditional groundwood pulping process. Second, many mewsprint

mills have been converted }:o the production of different types of paper,

for example, super-calendered paper.# To quote one industry analyst, jim

- p |
Rowland, publisher of the Canadiyn Paper Analyst:

o

"The appeal of the product [super calendered paper] -used 'in such
materials ak advertising f‘lyers, newspaper inserts and television
quides- is that outdated neuwsprint machines can easily be upgraded to

/2 L -
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produce the super-calendered paper.

Indeed, anyone with a newer mewsprint mill will probably Jjust want to
keep it up-to-date and produce neuwsprint, but someone with an older,
or smaller, mill that is going to need massive reworking anyway is
likely, nowadays, to consider the ¢onversion to specialty grades.”
(Montreal Gazette, December 15, 1984).

Other good ;xgpples include Domiﬁipn Textile, IBM and a number of oiy
compahies. IBM for example, spent $100 million in 198475% to convert its
Bromont plant from electric‘typemritef assembly (a field that IBM has been
abandoning to shift to more profitaq%g areas) to production of multilayered
céramic components (MLC). A number of o0il companies (Imperial 0il,
Ultramar, Gulf 0il, Petrosar and Petromont) have incurred Fapital .
expenditu;es to modify thelr output mix and expand the versatility of their
oil refineries in nespd;se to changes in the composition of markét demand
and relative feedstock prices. . . .

The conclusion tﬁét emerges from the foregoing evidence is firm. The
structural investment . hypothesis cannot, be rejected and deserves further

? -

investigation.

+ .

6. Structural Investment as a,Straﬁggic Option

Change iq the girm's market enviroﬁment; such as product and:process
innovation, change in consumer tastes and preferences, shifts 1in the
‘domestic and international structure of comparéfive—’éduantage, change in
the prices of factor inputs (labour, energ{, raw materials), chan;e in the
structure af inqustrial organization, organizational and managerial.

-

-
.
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S _TABLE 5-13,

) ‘ STRUCTURAL INVESTMENT CAPITAL SPENDING PROJECTS,.
- CANADA: SOME SPECIFIC EXAMPLES

i
i
't
7

v

AUTOMOBILE_INDUSTRY
B

CHRYQLER CANADA tTD. Spent $400 million in 1983 to overhaul its Windsor =~~~
plant. It gutted the 55-year o0ld car assembly plant and built a highly 3
automated 16 km-long assembly line where shifts of 3,000 workers, aided by

125 robots turn out 912 front-wheel wagons per day. Montreal Gazette,

February 25, 13984,

F RN R T L T TR R R R T IR
¢
¢
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GENERAL MOTORS CANADA LTD. - Spent $36.6 million in 1884 to "convert Ste-
y Thérese ,plant from production of Chevrolet Monzas, Oldsmobile Starfires and

Buick Skyhawks to Cutlass Supreme and Grand Prix models. Mentreal Gazette,

April 11, 1985. ,

- Spent $1 billion p-grade and modernize Oshawa truck assembly and
parts stamping plant. $228 million where spent for godernization of the
stamping plant into high-tkchnology operations $556 million for the
modernization and expansion &f the truck plant and $220 million to revamp
; : ~the powerhouse and electrical facilities, increase capacity and product
: improvements. Montreal Gazette, July 10, 1984. . "

, - Spent $255 fillion at the St-Catherines engine plant to revamp plant
] ‘ to produce ne uel-efficient V-6 60-degree fuel-injected engine.
- Financial Post,\ July 14, 1984, Also, see GMC News Release, July 6, 1984. </~

TP e

- is cohsidering investing between $600 - $700 million at Ste-
Thérésel car assemply plant. The plant is to be converted from production
r-uheel-drl cars to front-wheel-drive cars with a much higher
egree of automation. The models considered are the Chevrolet Celebrity,
Pontiac 6000, Oldsmobile Sierra and Buick Century. Montreal Gazette,
November 39, 1986, August 8, 1986 and Globe and Mail, November, 13886.

- Spent $18 million at Ste-Théreése plant to increase the line speeds
from 42.5 to 46 jobs per hour. This adjustment will allow plant to expand
production to 736 cars a day from 680. Montreal Gazette, April 11, 1985. —

Pvp
! FORD OF CANADA LTD. - Spent $115 million to retool and convert its 30-year
* o0ld Dakville Assembly plant for production of front-wheel drive Ford Tempo

and Mercury Topaz cars. Ford News Release, August.11, 1981.
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- Spent $180 million during 1984 to modernize paint facilities at St-
Thomjf assembly plant and Oakville truck plant. Ford News Release, April

30, 198S.

"

- Spent $100 million during 1985-86 at- Essex Engine plant for
retooling. Ford News Release, May 13, 1986. . s -

PULP AND PAPER INDUSTRY

‘DOMTAR INC. - Spent $85 million to convert newsprint mill in Délbeau, Que.
to thermo-mechanical pulping in 1885-86. Dolbeau mill will substitute
thermo-mechanical pulp in place of mechanical groundwood and chemical
pulps. Thermo-mechanical process makes more efficient use of wood fibres
project aimed at "securing the mill's long-term viability" by ensuring
competitiveness. Montreal Gazette, June 7, 1985.

Quebec to thermo-mechanical pulping. Montreal Gazette, June 7, 198

- Spent $30 million in 1984 to convert newsprint mill at DogCigﬁna,

KRUGER _INC. - Spent $167 million in 1985-86 _fog modernization and
up-grading of 49-year old Bowater Nfd. plant. Mill ‘was purchased from
Brgtish owners who instead of re-investing in expensive modernization of
the plant opted to re-invest in beefing-up U.S. operations. Montreal
GCazette, September 139, 1984,

)
i

REED INC. - Spert $260 million in 1983-86 to modernize and up- grade (uebec
City newsprint mill, including a 100,000 ton increase in capacity.
Capacity increase is "almost a by-product of original $199 million plan
~ begun J years ago and designed to bring the 56-year old mill up to industry
production and environmental standards. As work progressed we saw that we
could increase capacity along with the modernization, so we decided to
expand the plan". QOut of total sum, $105 million went for modernizations
$45 million for quality improvement ameasures and $10 million for work
conditions, to  improve work stations, locker rooms and cafeterias.
Montreal Gazette, 1884,

CASCADES INC. - REXFOR IND. - Spent $100 million to reopen ITT-Rayonier
mill at Port Cartier, Que. which was closed in 1979. Funds used to !
convert mi:ll to produce a new product, bleached chemi-thermochemical pulg,
which requires 1less wood fibre than conventional pulp. » Montreal Gazette,
November 14, 1985, 7

<.
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CUNSDLIDATED BATHURST _INC. - Spent $62 million to convert Trois-Rivieres

newsprint mill to production of directory paper. Pulp and Paper Magazine
of Canada, March 1, 1980.

CANADIAN INTERNATIONAL PAPER Co. - Spent $15.7 million on boardmill

production improvements and miscellaneous environmental control projects in
La Tuque, Que. and $3.8 million on production machine modernization and

facility modifications in frois-Riviéres (total $19.5 million). Canadian

Pulp and Paper Institute, May, 1980.

a

. b ‘L

MacMILLAN BLOEDEL LTD. - Spent $197 million on modernization and re-
novation projects at Powell River, B.C. Canadian Pulp and Paper Institute,
May, 1980. .

RAYONIER CANADA LTO. - Spent $400 million during 1980-85 on expansion
program at its Port-Alice and Woodfibre Mills, B.C. The emphasis of the
project is energy efficiency through modernization. Modern Power and

Engineering, February, 1980.

ABITIBI-PRICE INC. - Spent. $60 million in 1979-80 to convert the

s

linerboard mill at Stephenville, Nfd. to a newsprint mills; Globe and

Mail, November 23, 1979. -

OTHER INDUSTRIES

-

DOMINION TEXTILE INC. - Spent $15 million to modernize Long-Sauit, Ont.
yarn, plant near Cornwall, Ont. in 1985-86 and $17.5 million for
replacement of traditional ring-spinning equipment by open-end spinners in
1984-85. New equipment will increase capacity by 35%. Montreal Gazette,
April 11, 1985,

- Spent $17 million to transfer and consdlidate apparel fabric
printing operations from Magog finishing plant to more modern facility at
Beauharnois. "Market conditions today are such that apparel manufacturers
+ are reguiring wider- fabrics and a quality of colour reproduction which make
copper roll engraving and roller printing cbsolete... the new technology
calls for rotary screen printing and high temperature colour steaming which

the Magog finishing planmt (built in 1880) could not accomodate." Montreal

Gazette, April 28, 1984. %\

INTERNATIONAL BUSINESS MACHINES - Spent $100 million in 1984-85 to convert
Bromont, Que. plant from electric typewriter assembly to production of

'

7
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ﬁultilayered ceramic electronic (M.C) components. Since 1972 the IBM
Bromont plant has gone through 4 refittings: a) ceramic substrates; b)
electronic typewriter assembly; c) single-layer circuit production and d)

multi-layer circuit production. Financial Post, June 4, 1984,
i 1

-

CIL _INC. - Spent $20 million over 1985-87 to modernize and upgrade raw
materials handling,’ manufacturing and storage facilities at its Beloeil,
Que. plant. Emulsion pxplosives to replace nitro-glycerine based
explosives. Montreal Gazette, November 27, 1984.

o

-

CANRON INE. - Spent $11.6 millig in Hamilton, Ont. steel plant to
substitute electric furnaces to lower production costs and remain
competitive. Financial Post, June 4, 1984, I

. L)

IMPERIAL OIL LTD. - - Spent %59 million at Dartmouth, N.S. refinery o
water, air and noise pollution control ($18 million), energy conservation
($9 million), process efficiency ($10 million), crude flexibility ($13
million) and $9 million on miscellanmeous projects., 0Oilweek, June 9, 1960.

- Spent $60 million in 1980-81 at Montreal refimery on modifications.
To reduce production of heavy fugks oils and asphalt and 1ncrease gasoline
and diesel output and $12 million on air and water quality control.
Dilweek, June 9, 1980.

ULTRAMAR CANADA LTD. - Spent $150 million at its St-Romauld, Que.
refinery in an effort to reduce ,production of residual fuels. Heavy
Construction News, May 26, 1980. . ’ -
_ A}

GULF, CANADA PRODUCTS Co. - SEEB% $40 million on modification program at

the Clarkson, Ont, ' lube plant. QOilweek, June 9, 1980.

%

PETROSAR LTD. and SUNCOR INC. - Spent $500 million to upgrade production
at their oil refinerieg at Sarnia in an attempt to deal with overproduction
of residual fuels. Heavy Construction News, May 26, 1980, -

PETROMONT INC. - Spet $20 million at Varennes plant for modifications

which will expand the plant‘s flexibility in choosing between natural gas ‘
ligquids and petroleum-based feedstocks, according to market forces. This
will allow the plant to lower 1its costs, of production and- become
competitive. Montreal Gazette,. August 27, 1988. _ v ’
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innovations, changé in the<}legal, social and institutional environment as
well as change in consumer and managerial attitudes are constant
characteristics of capitalist, markeg or free-enterprise eéonomies. In
order to secure ;n adequate rate of profit (and indeed its 1long term
survival), the firm engages in an on»gciné process of adaptation, either by
activelx seeking out and ifitiating this or by respoqding to change in its

market environment. As we have seen, one offthe primary pathways in this

process of adaptation is structural investment. That the firm will

automatécally respond in some predictable fashion to this change is not

-

certain, héwever. ‘Given some change in its market environment, uwhether a
fism will unde;take structural ‘inuestment “is also a function of its
willingness and its ability to dp so. Structural inuéstment is thus not
inevitable. :

. Let us consider three examples from the U.S. egénomy, namely, the

’

c0mpu?gr inddétry, the automobile indu§§ry and the iron and SE?81 industry.
Over the 1last fifteen years major chéages have Qgeniéaking place }n the
world economys tecﬁnologioal change, product 'and process innovations,
;Hijtg in the struéture of international comparative advantage and change
in thg;internatiOAal pattern of production and trade. Europe and South-
East Asia (Japan, South Korea, Hong Kong, Singapore and Taiwan) have |
emerged as major contenders in shared market;M for each of . these-three
important industries of the .S, economy. As we saw in Table 3-3, the
import shares in these industries in the U.S. have been rising in recent

years, posing a formidable. challenge to U.S. producers. How have each of

these industries responded to this challenge? ".The. computer industry, as

2 s h RO
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personified by IBM for example, has engaged in a series of offensive
. ) -~ . -,.
responses, designed to pre-empt foreign producers from acquiring a

competitive. edge over 1its market. Its response was to intgoduce new

s )

systems, and multi-layered ceramic components) while getiing out of the

production of other products uwhich wuwere deemed less profitable and

v »

|

|

| ' : .

- products (personal computers, printers, main-frame computers, interactive
|

|

|

| potentially obsolete (such as typewriters). It ihvested in automation of
|
|

its production processes in order to lower cost and improve . quality. The <

| Bromont (Quebec) plant, as shown iq Table 5-13 for example, has undergone
. _ v . l
four refittings since 1972, By aggressively responding to changeqin its

market environment IBM _succeeded in maintaining a high ratez of
profitability and, so far, in securing its long-term wviability. The

impoq&-share of main frame and micro computer: has remained low despite
aggressive competition frem of f-shore produced giones. Unlike many other
fifﬁs in the U.S.A., IBM successfully resisted the choices of relocatimg
productidn facilities to Sou;h-Easi Asia and of outsourcing the production
of certain components to low cost off-shore producers. VAs ; regult, the
U.S. economy has been spared from the erosion of some production
facilities; emp;oyment, income and tax revenues to off-shore countries that
has been so common in other industries (such as sgoes, fextiles and

j cdgsumer electronics). . ) (/\\\////////A~\‘ -

- In stark contrast stands the U.S. iron and steel industry. A mainstay

of the U.S. -economy for over a century, the steel industry emerged
B dominant after the Second World War and remained unchallenged through the

¢ 1950s and 1960s.  Beginning with the early 1970s, it begun facing stiff
- 5

<
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11 "9’),
competition from steel %;kers in Europe and Japan, and in more recent years
from those in South Africa, Spain, Brazil and Soutﬁr Korea. While all
foreign producers wuwere increasingly relying on the more efficient
elecﬁrical steelmaking process and contindous casting technologies, the
u.s. iqgustry failed to improve its produc?ion processes with the result
that imported steel became superior in quality and of lower cos@. Foreign-
made steel penetrated deeply into ‘U.S; mafﬁgts, undercutting the
profitapility of domestit steel producers and threatening their very
survival. U.S./;teel production has droppeajffom 136.3 million tons in

1979 to 72.9 million in 1986. Employment has dropped from 453.2 to 181.0

el

thousand in 1886. Net income was negative since 1982, with multi-billion-

dgllar losses occurring in a few years. Dozens of steel plants were
bs:manently closed. It is iroﬁic' that the firm which has been most
J;amatically affected by this onslaught, U.S. Stee%, was -the one which
ldecided to invest $6 billion in a takeover &f Marathon 0il in 1982, Had
its management the foresight to assess the extent of the threat of foreign
%Empeti;ion and the commitment to reinvest in modernizing its facilities
and cutting its costs, it may not hgue ended up in this preseqt

predicament. Clearly, the lack of willingness or abil%?y on the part of

integrated U.SLTsteéi firms to fespond to the change in the environment has

‘resulted in losses to the industry, layoffs, reduction in income, tax

revenue and a diminution of production capacity. Not only has foreign-made

steel displaced domestically-made steel from the market but foreign

o ! »
production facilities bave also displaced U.S. production facilities.

While the U.S., steel industry bas 'nqw embarked in thé process of

4 & n

s



\ . ) : 258

restructuriﬁg its real-capital, (for example, continuous-@ast steel in+1986
accbunted for 54.1% of total steel as compared to ?6.9% in 1979) the
reéhonse has been too late in coming and is being hampered by insufficient
levels of internally-generated funds. )

The U.5. automobile industry stands between the two cited cases. In
the early 1970s, it was sloq to respond to the competitive challenge being

mounted by European and Japanese automobile makers. As a result in the

early 1980s, it lost market share to imported cars which uwere of better
A}

quality, lower cost and more fuel efficient. Chrysler Corporation's very'

survival was at stake in 1980. Despite their slow response, the &ajor
three automobile producers (G.M., Ford‘aqd Chrysler) managed to ;aluage
both their profitability and long-term. viability by Wassixely reinvesting
in pew product and process technologies. 'Without ma jor lstructural
investments which made possible the introduction of new models of impréved
quality, fuel efficiency and competitive price, a large proportion of U.é.
‘automobile production capacity, employment and incomes would have gone to
foreign produce#s. ) ’ o

Clearly, these three cases ré&eal the gillingness and ability of firms
to respond to change in ma environments varies and depends on
entrepreneurial perceptions andr:itlzaagé; the types of which are discussed
by Peters * and Waterman (1982) and Reich (1983). Some firms respond to
change more quickly thar othe;s. Those’that do respond quickly exper%gnce
a higher profitability and grow, while others face the prospect ?f lower
profitability and eventual decline. Clearly, as we have said, strustural

P

investment is not an automatic response’ to market forces but a strategic
s K3 4 2

xS




option, and a matter of corporate policy.
) <
" In mature industries facing constant or siowly growing markets, the

t - Fd

flow of structural investment is more difficult to model ec’onometrically
N

than the flow of expansion investment in young industri8s facing growing

N .
markets, This relative difficulty, however, should not detract from the

i

importance ::)’r‘ st‘ructural invesfmer\wt. As we have showr earlier, structural
change is an on-going challenge, therefore the notion tha‘\t firms undertake
structi.xral investment}in order to adapt to their environmment should not be
too difficult to accept. Furthermore, as a  large component of capital

expenditures of firms is neither induced by expansion nor replacement

»

1 Ed
considerations, structural investment remains a"‘pogdsible explanation for

"

the inducement of firms to carry out capital spendihg when output is

stationa;y @r declining, o¥ when p'fof’its are low or negative and capacity

=

utilization below normal lewels,
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1. Summary and Conclusion N

{ @
\

- The 6tanda¥d-textbook view of investment is that it is made up of two

distinct and well-defined componentss namely exﬁhnsion (net) investment and
replacement inveétment. Expansion investment imdlies an additiop togthe

LY

existing stock of capital and is often expressed as a-function of chahge in

. the level of: output in the .economy. Replacement investment implies
. . - e
~expenditures aimed at the maintenance of the production capacity of capital
“w » a

stack. It is often,expressed as some function'af the existing level of

~

capital stbcg " alone. This thesis has- focused on the nature and

-~ determinants qf the létter components replacement investment. '
6eplacement investment, important as it may be, has .ot reéeived the
same attention in the literaturexﬁé expansion i;vestment. Economists have
pgodupea/;:)ast volume of literature on the nature and defegminants of
. expansionary investment activity. However very 1little research has gone
into exploration of the nature and’deEEfQXAanté of replacement investment.
The little work that has gone into qﬁﬁs subject is reviewed and critically
disédésedoin ChaptergﬁTwo and Three above, As this review makes apparent,
there are significant cenceptual and empirical issues ﬁhat make

investigation into the nature and determinants of replacemeét activity

. extremely difficult. UWhat are theSe issues?
., R . '
R v At the empirical level, there are no objective, directly measurable
‘ .
. data on replacement investment. Apparently, statistical agencies have

" P IS
! . found it difficylt--both conceptually and empirically--to measure

': replacement investment. The reporting firms for statistical surveys have

. . #

o . ' \
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also found it difficult to make a clear conceptual and operational -

diéﬁinction between net and replacement investmént. At the conceptual
level, there is no clear and uniform definition' of replacement investment.
Different inves%igato;s have used the same term to descrigé dif?erent types
of investment activities, which led to confusion .and améiguity.

Egsentialdy, by the term replacemeﬁt investment, investigators have defined

- il

two types of inves%ment activity, namely, "like-for-like" replacement and
. . ) " / N * [y
"dynamic" replacement, .

Like-for-like replacement can be defined as spending on fixed capital
goods which are used to replace older capital goods which have depreciated
due to weé; and tear in productioﬁl Implied in this view are the following
necessary ctonditions: . /

v. ot

o

i) the firm's motivation is to maintain its flow of capital .services
(capac%ty) intact and not to add to productive capacity, nor to

’ change the - specification of capital-iﬂbut services or the
s o - -

specification of the finished output; .

‘ ii) the asset being replaced is retired from service and presumably

scrappeds

-iii) the firm maintains the same line of activity, i.e., the

[

capital-output specificity remains /constant.

Feldstein and Rothschild (1974) have used .the terms "output decay" and
"input decay" to describe the nature dF'ﬂgterioratioﬁ in the firm's assets.
"Output decay" is defined as the reduction on the asset's capacity to yield

production serVicegf other variables such as maintenance, repair and

) A ' '
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operating expenses remaining| constant. "Input decay" is defined as the

——

drop in the productivity of a? asset due to an increase in the maintenance,
repair and operating cost of keeping the asset in use, capital services

a - R
remaining constant. According to Feldsteim and Rothschild (1974) it is the

v

N i
combined effect of both "output" and "input" decay which leads toithe
asset's replacemént. Jorgenson (1965, 1974) éefines replacement as the
¢

dual of depneciation, where depreciation igﬁ defined solely as "output

li

decay", i.e., the decliné:“in the efficiency of the asset to yield capital

services‘é;e to wear and tear. w ‘ ) !
"Dynamic" r placement‘ is defined mbre loosely. It involves the
acquisition of gfew capital goods in order to maintain the firm's production
capacity intacg. Houever,*%uni;k; the like-?orflike replacement view, no
further assﬁmptions are made here. The.nem\papital goods may bear no
resemblanbeito the old ones; the tapital goods&being "replaced" may not be

retired from service aﬁd, even more, the new capital goods may be used to

©

-

\

produce products which are different from those being produced by the old. -

~ capital goods. Finélly, the new capital goods may alsoc serve to expand

production capacity, although this is strictly a 'by-proddct of the
replacement decision. This is the sense in which investigators such as
Einarsen (1938 a,b; 1946), Terborgh (1949, 1954) and, in part, Dean (1951)

have employed ~the term "replacement". To these authars, replacement

» ]

L] i3 I3 % B [ - '
investment ia synonymous to "reinvestment", "reequipment", "displacement", |,
b , R

%

» . —

"up-grading”, and "modernization".
Of the two conceptions of replacement, it is the former that has

dominated theoretical development and empirical research in this area in

{
“ ‘ﬁ. . ' h X ‘(,;g:z
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. __ consisted of examining the available evidence at two levels: (a) the

P
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recent years. It has received the most complete enungiation by Jorgensaon. .
* /
(1965, 1974) and his associates in the context of the neoclassical theory

of investment. He postulated the very restrictive view that replacement |
investmentlis a constant function of capiﬁal stock uwhere tne constant is
equal to the rate bf depreciationl of fixed capital stock in thé economy .

. This view has come to be knoun as the proportignal replacement hypotéesis
(PRH).  This vieuw, Hoqever, has received a great deal of criticism from a
number of investigators, for example, Feldstein and Foot Qifzzjiéldstein
(1974), Feldstein and Rothschild ~ (1@4), éisqer (1972, 1978), Nickell
(1975, 1978), Rowley and Trivedi (19j§) and Helliwell (1976). Although
yseful in mény empiricél applicatibns, t?e’Pﬁﬁ has been challengédhon both
theoretical an& empirical levels. The chief objectibn, however, with

/ .
Jorgenson's PRH is -that it views replacement strictly in mechanistic terms,

and does not allow for the influence of any other economic variable e;cept
L

<

depreciation. As such, Jorgenson's PRH hardly constitutes an "edonomic"

théory of replacement. b \ A

/The purpose of this present thesis is to take stock.of where we stand

o

i

in our understanding of replacemenf and to investigate the available
empirical evidence for clues on the actual nature and determinants of this

AL

significant component of gross fixed capital formation. Our approach has
theoretical and empirical work in the area and (b) the available
statistical data including qdalitative reports of firms, trade journals and
industry practitioners. Our analysis has led us to two important findings.

First, most replacement investment, at-least in Canada, takes the form
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of replacements of minor parts and repair and overhaul of major parts.

Though considered as investment by the reporting firms and Statistics

‘Canada in its Private and Public Investment Suruey, these expenditures are

actually charged to operating account (expensed) and dre not capitalized

for.-book purposes. These ;&bgsgitures, called "repair expenditures", are

different from "routine maintenance and repair expenditures" which are also '
. .

[ o

charged to operating accounts. They are defined by Statistics Canada

(1984) as '"non-capitalized outlays made to maintain the operating

efficiency of thé existing stock of durable physical assets". As Figures

a-é, 4-10 and 4-11 demonstrate, repair investment accounts for about 25% of

' total investment in Canada today,'SS% of total manufacturing investment and

about 50% of capital investment in the Canadian manufacturing ‘sector (qee

also Appendix C), In 1984 for example, non-capitaliZzed repair expenditures

were over $5 billion'compared to capitalized ;nuestment- expenditures of

$8.6 billion. These expenditures are defined ih the same sense in which
"like-for-like" replacement is defined. - The only difféfé?kkl is that,

unlike our conVentionaL,gieu where the whole of the #%set is replaced, what

happens in practice is that\ffrms replace major components as they wear

gyt, without necessarilyﬂégplaéing the entire asset. Otherwise, there is .

’

no further difference between "like-for-like" replacement as defined in the

?

literature and repair investment as defined by Statistics Canada. That

repair investment is not treated as a capital expenditure but as an

operating expense is a matter of acbountigg and tax treatment and not

i

necesséfily of economic theory. But that repair expénditures are not

1

capitalized for accounting“or tax purposes does not necessarily imply that

\ \

i
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. they should not be considered as investment for economic purpgses. This

é

B

1

)
- replacement investment and indeed &

\
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gges not seem to be a hindrance to Statistics Canada which, for over 40

years, has collected figureé on tepair expenditures and “treated them as
14
investment”in its Private and Public Investment Survey.

Y : .
That these repair expenditures are actually replacement. investment can

A

w

" also be seen from the evidence in FigufEE? 4-7, 4-8, 4-10 and 4-11. As

Figure 4-7 reveals, repair .outlays have been a stable component of total

Py

investment over the 35-year -period. Reﬁéir investment ekpenditures have
'been rising gradually in absolGte terms (real 1971 dollars) but diminishing
as a share of total investment activity. Although the share of repair
_investment has been decreasing in .relation  to total investmert in.the

economy as a whole; it has remaimed relatively stable in the ma@ﬁ?aoturing
, L

sector at aboutr one, third of total investment (see Fiéures 4-10."and 4-16)"
b , ,

The patterns depicted in Eigures 4-7 ang 4-11 for repair investment ar
‘refmarkably close to ’mha@ theory would expegt to find for repl;;ement
investment. Since d;ta on "replacement"” investment are :not‘collectea
anymﬁere in North America, the data depicted in these fiéures:sre rare

empirical confirmation of replacement investment, provided of course, that

_.we accept the fact that (a) replacing a compoment af a machine is

Teplacement in the same sense as replacimg the entire machihe and (b) that_

the accounting treatment of replacement (expensing vs. capitalization) in
practice may differ substantially from what ecomomic theory\uould suggest.

While repair investment conforms to our theoretical notions of

- %.‘

4
ven with Jorgenson's PRH, repair

. investment has been far from a constant proportion of capital stock, a
LS .
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*least in so_far as the short run is concerned. Figures 4-8, a-g and 4-12

-

provide strong empirical confirmation for the findiﬁgs of Feldstein and
\ N
Foot (1971) amd Eisner (1972). Jhey reveal that the annual rate.ef change

in repair expenditures has varied considerably, although within a range of
10%,~and that the rate of change is positively correlated to the rate of

chang?’in both capital investment and gross national product (GNP).  This

is impress%ge evidence infhsupport of the view that replacement investment

is an economic variable and endogeneous to the economic process.  Further

» . .
empirical research is necessary to uncaover the economic determinants of

A

Trepair investment, " given that repair investment and "like-Fpr~like“

4

Deﬁiacement investment are essentially the same and therefore measurable.
. ° \

The second major finding of this thesis is that replacement investment

in the other sense of "dynamic" replacemeﬁt is in fact neither replacement
> K

investment nor expansion nvestment but a new category -ef investment

-

>

activity. We propose the term structural investment.
s TP

) Structural investment is defined Hhere és fixed capital investment
spending inducéd by the firm's need |to adapt to (a) change in the
composition of demand (output-mix); (b) change in production éecﬁnology,
and (c) changé in relative factor prices. We have seen that most "dynmamic"
replacements are motivated by  considerations ’other than the mere
maintenance of the production efficiency of fixed capital stock. Although
"dynagic" replacements are in some general sense replacements, this iso
where the similarity ends. The 'replaced" equipment are not necessarily
retired from service. They are more often displaced rather th§n replaced.

The production technology and, hence,,the capital-input specificity does

r
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change and so does the output being produced. Change in-the comp051tiop of
¥ -l ) «
market demand induces a change in the capitalioutput‘specificity of firms,
) !

while changes‘ in both production.technblogy andvprices of factor inputs

induce changes in the capital-input Epec%Ficity. When firms change either

-

their capital-output specificity or ,their’ ‘capital-input specificiii:;the

capital expenditures - entailed bear np resemblance to replacement (tepair)
1
* T s
expenditures. In replacement investment, as conventionally’wd fined,

Bl

specificities remain comstant. Structural investment can alsac be clearly

distinguished from expansion investment. Expansion investment responds to

’

the change in output with the two specificities remdining constant. The
A : . ) .

firm here adds to production capacity but the production process and the

composition of output remain constant. When technical change occurs or

ccmpositionalAshifté affect deﬁa?L for either consumption or capital goods, -

rd

the situation is more complicated but éhe inadequacy of the conventional
distinction between expansion and replacement persists and we must search
for a structural alternative.

¢ N

fThe term structural investment depicts more accurately the nature of

" investment spending undertaken by a firm when it modernizes, upgrades,

reﬁoo;s, convertg, ‘or refits a plaﬁt. Here, the structuré of production
chapges either on tHe output side or the input side. When a1firm instals
new|equipment to save on a more expensive labour, energy or raw material
inp t, the firm's primary motivation in doing so is neither the\maintenance
nor the expansiop of its capacity. It is to adapt to the changing economic
environment by lowerimg unit costs of prgQg%tion and enhance the short-term

.
profitability and long-term survival of the féem. UWhen a firm instals new

)

‘
i t
- ¥
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equipment to produte @ new-to-the-firm produdt or a difFerent—vefsion,oF én

production chpacity for a given product, but to enhance its revenue and

o

profitabiliﬁy. By adapting to change in consumer tastes and preferences

AN

* and new product innovations, the firm aims _at ensuring its long-ierm

profitability and viability in a changing world. In Sections 4-7 and 5-5,
- - -

we have provided empirical evidence to this effect. Capita%{spending in
the automobile industry provides an excellent example qf 2Fructural
investment. In recent 9ears, for example, U?%. firms reported in the

McGraw-Hill survey that only a minute fraction of their investment spending

i .
was intended for expansjon. On ythe other hand, the billions of dollars

- § &

// !
spent annually hardly classiﬁ/ as replacement investmen}. The:NcGram—Hi¥l
and DRIE sutveys both use the(?compound terms "up-gradiﬁg and replacement"

and "madernization and reﬁlac&ment" respectively, td“odepict this type df
(S . - \
investment activity. What we have proposed here 1is to differentiaté

up-grading and modernizatidn fraom pure replacement by introduégng the terh
structural investment for the former,lmhile retaining the term replacemenﬁ

investment for "like-for-like" replacement spending. Thus, we propdsed thJ

'
i

term structural investment as a substitute for "dynamic" replacement.

v

In Chapter Five we have " made a first attempt to progﬁﬁe for an

that the composition of output and the functional specificity of capital

éoth matter. In a world of output heterogeneity and functional specificity

L]
of capital, change in the composition of output will affect investment

o -

r . . - ’ . . » . " » -
existing pqoduct, its primary motivation/ is not to maintain nor expand

rgeconomic theory of structural investment. Our underlying hypothesis is

4

) . 2 .
expenditures becayse of imperfect substitutability of capital in different’

“w
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functions. A firm can respond to a change in the composition pf outputg

only if it invests in new Eap{{al goods with a functional ébecificity% :
. ' 4| . q -
appropriate to the new outputs This 'also applies o o changes in the

capital-input specificity. Chanées in production tecgnology and factor

. ®g Fal

prices will induce the firm tq invest in new capital goods and modify the
:sﬁructu:e of }its production if it 1is to lpwer costs of prdducﬁion and
expand profiﬁabili%y. Sections 2 and 3-}0? Chaptgr Five have‘prouided
. evidénce in support of our view that the wqud is characterized to a
significant deq;ee by outeut and capital heterogeneity. Indeed our econoﬁy
is characterized not Qy static equilibr}um but by structural~changeh'wherég

the composition of Qoth output.gnd 'capital frequently _undergo significant

change. Heterogeneity, specificity and structural change imply structural X

investment.

-

‘ -‘ In Section 6 of Chapter Five, we point ocut that the firm's response
to this changing environment 1is also a funetion of its willingness and
ability to respgnd, so a further mptivational element produces moré
heterogeneity. Unetfirm- may Tespohd quickly to the change in the market
conditions.mhiie another may not. Moreover, a firm need not be a passive
. agent siéply respondiﬁg in a aefeésive manner to exogenou§ change inlits
environment. It may indegd contribute to the transformation of this
envi;onmeqt. Change in the market is also initiated by firms in search of
new tecﬁnozégies (both product and process technologies), new forms of
management or industrial organization and new markets. When a firm

? R

+ _sgs 1 v /s . . s
initiates a change, its investment in new capital equipment can be viewed

as an offensive action. Generally, as Dean (1951) has pointed out, one can
/

i
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digtinguish between offensive investments--those that introduce new

products or production technologies , to the market--and defensive

investments--those designed to bring.a ﬁ;oduct or production technology up

to par with the standards of the competf%ion. It is tﬁis interplay of

-

offensive and defensive investments by firms in‘the market which generateso
the flow of structurat-investment spending. Théée firms which fail to keep
up over time with this p;ocess of'product competitioq ultimately face the
prospect of decline and displacement by more aggressive firms. Structgral

investment, therefore, is an important instrument of product and strateqic

competition, uwhich conditiods the profitability and eventually the

S

viability of the firm.

4

"

In conclusion, this téesis strongly sqggests that the.conventional
approach of identifying only two distinct companents of gross investment is
inappropriate in practice. A more ﬁeaningful approach is to acknowledge
thé~\relevance of a structural eleTent (that is unrecoén{zed in the
conventional approach) and to redefine reg}acement as non-capital repair
expgnditures, some function .of the level of capital stock. Struc%ural

investment cansists of capital expenditures which reflect all those

disc¢retionary types _of  "dynamic" repla?ement such as upgrading,

modernization, refitting, revamping, retooling, conversion or automation.

Replacement expenditures incerred to replacé ‘or repair minor andt%ajor_
compgnents of fixed capital goods are not discretionary when they are
necessary to maintain the'opefatiﬁg efficiency of the fifm's existing stock
of capital Q?Od?h A; long as ﬁhe firm is cemmitted to a.given line of

L= ]
activity and’ production technology, these expenditures must be incurred,

’

[

/

o
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Decisions regarding replacement investments emanate from plaét managers who”
s .
are most informed of thé operating efficiency of capital goods. Through a

continual maintenance. “policy, replacement’ expenditures can maintain--at

least thqpreticélly--the operatind efficiency of capital goods -

~

indefinitely. Erom time to éime, however it is changes in the composition
of demand, product and process technology, or factor prices and‘change in
the regulaton}, institutional and’ competitive environment of the firm that
will dict?te uhether or not the firm should put af% end to the life of its

plant and equipment, or seek to renew their 1life through ‘a policy of

i ' I

structural invesgment spending. ’ ‘
rd

E4 ’n
| . J
2. Policy Impﬁications " .
i - .
!r -
Y 2 o .
A number of important - policy implications for government and
> \
. . ) . . L
individial firms emerge from this enlarged perspective. The foremst

iy ’ ) ’ 7 . . . . e
implication for business policy is that if a firm is to maintain its
desired level of profi%abili£y~and assure its long-term economic viability,

- \
then it has to pay close attention 'to changes in the composition of market

! 2 .
demand, changes in ' production technologies and process innovatlons,fto

[

. changes ip factor prices and to other changesﬂ in the competitive’

-

environment. Since our economies are characterized by output and capital .

heterogeneity, the profitability of the firm's stock of capital goods will
|

depend on a) how well the firm adapbé its output-mix to changes in the

composition of demand and the Evolving ;pattern of consumer uastggw%pd

’

»
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preferences and b) how well the firm adapts its input-mix to changes in
factpr prices, 'production technology and competitive conditions both

&

domestiéally and internationally.
d To keép up with changing consumer needs and product innqvations arfi;m
mu§t invest funds in product development and new capital goods. Since it
takés a tertain type of capital good to produce a givén product (capiéal-
output specifie}éy), new product introductions andgproduct infprovements
necessarily entail iauestments in the appropriate capitél goods, i.e.,
structural investment. By committing ;Lself to a program of structural
investment spending, the firm ensures that, there is continuous demand for
the services of its capital goods in the face of a changing market demand,
even though the total level of demand remains unchanged. The same
attiptiveness applies to changes in te%pnology, changes in fagtor prices or
Chénges in the institutional and requlatory environment. To keep up wifh
such changes the firm must inQest in new production technologies,
incorporate process' innovations ang adjust .its capital-input mix to chanaes
in factor prices. Since capital goods have a }imited functional
sgecificity, any change in the specification of capital inpﬁts again
entails the acquisition of new capital goeds or the modification of

existing'capital goods through up-grading, revamping, modernization and

up-dating (hence structural investment outlays). Only by committing itself

. toa program'of structural investment can %he firm hope to maintain its

. cost competitiveress and economic viability in the face of stiffer

competition. These implications become all the more relevant at the

maturity stage of the firm's product life-cycle, and apply more* to mature
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products and developed markets than to new producés and developing markets.
J

The implications of the new perspective fer govermment policy are the

. )
following. First, in mature industrial economies, the share of both

\replacement and structural investment is high in relation to expansion

-

investment, and higher than in devéloping econamies. This implies that the
@ [

purpose of investment and the motivation underlying investment activity in
* E]

mature industrial agpnomies is ﬂdifferent from those of growing economies.
Sinéegstimulating a high rate of investment spending has traditionally been
‘b major objective of ecponomic policy, a better understanding of the nature
and motivation ungerlying replacement and structural investment spending
can help in the design of more effective measures to encourage and
stimulate these appropriate types of investments. For example, tax-based
mefisures such as'acéeleraied depreciation and investmé;t tax credits may be
les& useful to firms undertaking exPansion investments as compared to those
undertaking structural investments. If demand for a certain:line of
activity is growing, fi;ms,earn hig@gr Profits and feel more confident, and
in light of the growf;;aéppoftunities presented to them by the market are

likely to invest in the expansian of their capacity whether tax-incentives

. 8 . . . ) ‘
are available or not. However firms operating in mature markets and faced

with declining or stable demand for their goods are less likely to be in a’

k position financiallyh or psychologically to commit themselves to major
investment,pragrams. Since structural investment allows firms in thesg
sectors to modify their output-mix ang bring it in line with the current
pattern of consumer tastes and preferences as well as improve the quali?y

e .
of their products and lower production costs, selectively assisting firms

-
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in maturel industrial sectors to ‘update . their product and process

technologies maf prove more useful than trying to assist all sectors

. equally: By targeting government assistance to those sectors that neep it
4

most, the efficacy of government expeqditure and tax-based measures can be
imprbped: Inducing a higher level. of structural investment not only
raises the overall short-run-level of output, employment and incgme in the
.-

economy but it also helps enhance the long-term cpmpetitiveness of firms in
the economy by allowing them to compete more egfectivély with foreign
producers. In the process, jobs ~whj.ch would have been lost to foreign
competitiog are se&u:ed and consumers benefit through lower prices.

Ano£her g@gpple of how a better understanding of the nature and
motivation underlying structural investment can be valuable is seen in the
tax tre;tment of capitalized structural investment 0Q£lays as compared to
non-capitalized replacement (repair) “txpenditures and the tax-treatment of
mergers and acquisitioqs. By allowing firms to "expense" repkacemen£
(repair) expenditures in the‘year they accur, the tax system inadvertently
proviq?s a powe;ful stimulus in favour of repairs as oppésed to up-grading

and modernization. Since replacement expenditures do not alter the®

capital-output nor the capital-input specificity of tﬁe production process,

" they do not assist firms in being product and cost competitive 1in the

long-run. A policy of faLouring structural investment as opposed to
replacement investment can stimulate new product introductions and .product
improvements and hence accelerate the rate of diffusion of new techno}ogies
and process innovations.

The tax system also discriminates against structural investment when

S .

PR
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the tax treatment of financidl investments (such as mergers, acquisitions
and leveraged buyouts) is considered. A number of tax benefits accrue to
the purchasing firm: firsﬁ, it can deduct the interest on funds borrowed to
make the financial investment; & second, the flow of inter-corporaté
dividends are not taxed by government; third, it allows the purchasing firm
to bénefit from éax loss provisions whereby it assumes the loss
carry-forwards of the target firm and reduces the overall corporate ta

payable. In mature industries with stable or declining demand, the
short-term profitability and long-term survival of firms is in question.
In order to enhance their profitability and assure their long-term
survival, firms are faced with two options. First, they camn undertake
financial investments such as mergers and acquisitions which can reduce

competition and reduce capacity through plant closings (e.g., the recent

purchase of the Montreal Gulf refinery by Ultramar ard ultimate cldsing of

the facility). Doing so not, only provides the buyer with ready access to

another firm's technology, patents, knowhaw and facilities but, by closing

down the less efficient facilities, it also leads éﬁ a reduction in supply
and the restoratidn of pfofit-mérgins for the surviving firms. The second
option available to firms- is to undertake structural investments, such as
modernizgtion, plant'conversions or automation so as to expand the range of
products offered, improve product quality ana lower unit costs of

pioduction. While firms will have tq amortize their structural investment

over’™three years for tax purposes and ovet many more for book purposes, the

* &

cost of financial investments can be amortized over a shorter period.

" Clearly then, by differentiating structural investment from expansion and




*

277

~3

N .
replacement @nves&mentSyse;onomic theory can help guide public policg to
qesign and implement measures whicQ\are appropriate to matureaindustrial
sectors of the economy . .
The new perspective also suggests that certain government programs
such as the (now defunct) Canadian In&ustrial Renewal Board and other.
programs provided by the Department of Regional Industrial Expansion are
justifiable. The increased incidence of assistance to firms undertaking
modernizations %n recent years by both federal and provinhcial ggvernmen%é
seems to indicate that pragmatic governments do recogﬁize the difféfential
nature of firms in mature , industrial sectors undertaking structural
investments; Our empirical findings provige support for such pdlicies.
Finally, gross fixed capital formation (GFCF) is defined in our system
of national accounts in ah way that igneres the non-capitalized repair
expenditures which are in fact replacements. Since repdair expenditures are
defined as those outlays necessary to maintain the operating efficiency of
the capital -stock intact they are no different than replacement investment

as defined in economic theory. So far, official statistics are produced

under the mistaken assumption that GFCF is composed solely of expansion and -

g

replacement iﬁveétsz:;I’;;_jjft, as GFCF is measured, it 1is composed of

exbansion'and struc vestment only. A more appropriate’treatment may
be to incorporate repair (replacement) expenditures too under GFCF (even if
they are expensed‘?or book purposes by firms). This suggests, of course,

that the real extent of investment activity in Canada may have been much

higher than we have previously thought, indeed about 25% higher .in recent
. ,
years. The implications for the manufacturing sector are even stronger,

¥

- \
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Qduen that repair expenditures account for about 50% of capital

. b
expenditures. Total investment in this sector (capitalized expansion- and

structural plus non-capitalized replacement investment outlays) ﬁay in fact
AN

be twice as high as uwe presently think!

IS

3. Suggestions for Further Research

i

The gontribution of this thesis has been to clarify the natu;é of
"replacemeﬁ{finvestmegt“ and separate conceptually and empirically the tuwo
views of replacement: "like-far-like" replacemenfﬁ and "dynamic"
replacement. By identify@gg repl;cement investment as noﬁ-caéital repair
expenéitures and defining "dynamic" replacement _as structural investment,
new paths for research have been opened. -

. One\ path of  fruitful futdre investigation ﬁoncerns the nature and
determinants of repair expenditures. Now that we know that repair
expenditures are indeed replacement investment and tHat objective,
méasurable data are available for this component of investment, econometric
investigation can pr;ceed to examinme the short-run déﬁerminants of repair
investment. We have seen that although relatively ;tabie'in ghe aggregate,
Eepair expenéitures are positively correlated with changes in the 1ével of
capital investment and with gross national product. Other variables which
may be considered as determining influences include liquidity, capaéégy

utilization, and expectations, Since"measurable %Fta on most of thgse

variables are also available, time-series &and cross section empirical




stuaies are feasible.

Another path of productive future research concerns the nature and
determinants of structural investment in mature industrial economies. Hou
developed economies go about renewing their stock of dgapital "goods and
adapt to change in their environment at a world scale is an important is§ue
facing the North American and West European economies. Data on capiial

investment by purpose (like those collected by McGraQ-Hill in the U.S.A.,

DRIE in Canada, the IFO Institute in Germany) provide useful data with

i

which to work. It is encouraging that Statistics Canada, in,its Private
- A1

and Public. Investment Survey has begun collecting data onh capital spending

by purpose, although it will be some time before these data appear in

publications on an on-going basis. By expanding our understanding of the

nature and determinants of structural investment, we may be in a position

one day to provide more concreté guidance to economic policy makers, both
é£ the business and bubliCSpolicy leQel.

A' third path of future research concern; the mapping of the
morphologic or structural characteristics .of capital. It is about, time
that economist§ acknowledged that output and capital are heterogeneous
entities and accorded gualitative characteristics of output and capital the

same importance now attached to aggregate quantitative characteristics.,

oy

.
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SECTION V'
¥
STATISTICAL NOTES * !

Definitions

The ‘main aq:hnis‘ or the ‘report is new
capital®’ather’ than' oii’ mn-cap“i!:allz:ll\ re-
pair: oxpendiEuraa. New capital expenditures
include the cong of*" procy . mnutructj.ng

nd - iristaliing’ fiw durﬂ, “plant  dnd” ma-
chimr{, whethiet ‘fbf dmt ’d?’pt
obeolete alsett ""’
Latif. cassts. I u&bﬂp 1. cap ?af”!xad
costs such as architecfurul‘ "legal and engi-
neering fees, as ‘well as tﬁa value of work
on capital ssseta undertaken by firms with
their own labour force. Gross outlays are
reportad without sny deduction_for, scrap of
trade-in value of old sesets. Excluded are
expénditures™ widd” for the®'acquisition of
préviously” existing strmtgras, for used
wachifnery ' shd” equipmerit Gnless rtéd and
foF “ Iad- since” wuays“e?‘mﬁ‘igﬁg mvorve
onl{ the tranafer’ P "property®
crestion of a cspital asmet.

Corstruction includes building ?:nstrue-
tion and all types of* engineering’ con-
struction sich as roads, dams, tranemission
lines and pipelines, as wéll as oil drilling
and mine development. The machinery and
equipment category takes into account the
purchase of all such items which are used
either in produding goodu or providing
gervices - but- does® not~ ~dursble,

purcfiased Tor - persorl Uk, >incYifle
well as industrial machipery, aré r-
tation equipment, agriculturur :
professional and  scientific:‘’a
Dffice. and'" stors’ Mirishingd’:

gimilar capital goods. Excluded, for the
purpose of this report, are outlays for
machinery and equipment by the Department of
National Defence.

The intention is to include -the costs of
all Aew plant and equipwent which normally
hes a life of more than one year. For this
reason compenies were asked to rsport,"’ss
capital expenditures, all purchases to bo
charged to fixed asast accounta. This method
of reporting omits rertain types of equip-
ment which are boughc regularly out of ordi-
nary revenue and chargsd to current account.
Adjustments have beenn made whers necessary
to take account of esuch omitted capital
items and separate figures are shown in the
relevant tsbles under "Capital iteme charged
to opersting expenses™.
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RENSEIGNEMENTS STATISTIQUES :

Définitions

Le rapport vise moins les réparations non-
“capitalisées que les immobilisations neuves.
Celles-ci comprennent le colt d'acquisition, de
construction- et d'installation de nouvelles
usines et machines durables, qu'il s'agisse de
remplacer des biens usés ou désuets ou d'ajouter
aux installations existantes, ainsi que tous les
frais portés au compte de capital, comme les
thonoraires d'architectes, d'avacats et d'ingé-
nieurs, st la valeur des travaux effectués par le
propridtaire par l'entremise de s&s propres
vuvriers. Le rapport indique les dépensges brutes,
sans déduction pour la valeur des biens mis au
rancart ou cédés en é&change de biena nouveaux,
mais il ne comprend pas les achats de construc-
tions existantes, de machines ou d'équipement
usagés, b moins qu'ils n'aient été importés, ni
de terrains, puisque dans ces cas il s'agit d'une
simple cession des droits de propriété et non de
la création d'un bien nouveau.

La construction comprend les bAtiments et. tous
les travaux de génie, comme les routes, les bar-
rages, les lignes de transmission et les pipe-
lines, ainsi que le forage de puits de pétrole et
la mise en exploitation des mines. Dans le sec-
teur des machines et de l'outillage, les achats
comprennent tous les articles employés & la
praduction de biens et de services mais non les
biens durables achetés pour usage personnel. Sous
cette rubrique sont inclus, en plus des machines
industrielles, le matériel de transport, les ins-
truments agricoles, le matériel professionnel et
scientifique, les ameublements de bureaux et de
magasins et autres biens capitaux du méme genre.
Toutefois, le présent rapport ne tient pas compte
des montants consacrés A 1l'acquisition de
machines et d'outillage par le Mim.stbra de la
Défense nationale.

On a visé 3 inclure le prix de toutes les ndu-
velles usines et de nouvelles machines et outil-
lage d'une durée normale de plus d'un an. C'est
pourquoi on a demandé aux sociétés d'inscrire
comme immobilisations tous les achats devant &tre
portés au compte de capital fixe. Ainsi, 1l n'est
pas . tenu comp'fle de certains éléments d'actif
achetés régulidrement au moyen. de recettes ordi-
naires et postés au compte courant. Des rajuste-
ments ont été faits lorsqu'il a semblé nécessaire
de tenir compte de ces é&léments et les sommes en
cause figurent aux tableaux pertinents sous le
titre "Biens~-capitaux imputés sur les dépenses
d'exploitation".
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Housirg is not' generally considered a.
capital expenditure in the sense mentioned
above but it has been included 1in this re-
port because it forms a large proportion of
construction expenditures and has cyclical
fluctuations similar to those which charac-
terize business, institutional and govern-
ment capital expenditures.

L}

A}

The repair expenditures shown in the
tables represent the non-capitalized outlays
made to maintain the operating efficiency of
the existing stock of durable physical

. - asgets, Where the repair costa are large
enough to materially lengthen the axpected
seryiceabls life of the .assets, increase its

*® capacity or otherwise faise its productiwi-

" ty, they sare treatsd as capital expenditures
on new construction or on new machinery and
equipment.

Methods .

The figures in the various tables of thas
report are estimates of total expenditures.
In order to approximste full coverage for
Canada, adjustments were made to allow for
the smaller establishments which are not
surveyed and for establishments which did
not report. In manufacturing, the method
used to inflate the reported expenditures
was to multiply the known expenditures by a
factor obtained by dividing the total value
of shipments for the most recent year avail-~
able of all the establishments 1in each
industry by the. corresponding total for the
establishments reporting 1in the current
surveys. The use of shipments as a related
indicator provides a framework of analysis
in the estimation procedures tp take account
of relevant industry characteristics such as
the size of establishmefts. In the utili~
ties, trade, finance and institutional end
commercial services gectors the same princi-
ple has been followed wusing appropriate
basic data for the sector concerned. Expen-
ditures reported by establishments for which
no production or other basic data are avail-
able are included as "net additians". It 1s
believed that the estimating procedures for
non-reporting establishments and the-sectors
not covered by direct survey, do not intro-
duce any great margin of error 1into the
total. Estimates for individual industries
or regions are, of course, subject to great-
er error than the total figures for Caneda.

In 8 few areas, where the survey appraoacti '
is not considered t~ be practical, expendi-
ture estimstes/were arrived at independently
on the basisf of current trends and expert P

C
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La construction d'habitations n'est pas habi-
tuellemerit considérée comme une immobilisation au
sens indiqué ci-dessus mais on 1'a incluse dans
ce rapport parce qu'elle représente une forte
proportion des dépenses en construction et que le
cycle de ses fluctuations est analogue 3 celui
qui caractérise les immobilisations des entre-.~
prises commerciales, des ingtitutions et des gou-
vernements.

Les dépenses en réparation, f’iguran't dans les
tableaux, représentent les déboursés non-capita-
lisés effactués en vue de maintenir les biens
matériels durables en bon étst de fonctionnement.
Lorsque ces dépenses atteignent des sommes
suffisantes et 'elles ont .pour effet d'agcroitre
la durée prévue ou la productivité Q'élémentse

d'actif, elles sont considérées comme des
immobilisations en constructions neuves ou en
machines et outillage neufs. \
Méthodes

Les chiffres qui apparaissent dans les divers
tableaux sont des estimations des dépenses glo-
bales. - Afin de se rapprocher le plus possible du
total pour tout le Canada, on a effectué des
rajustements de . fagon & faire la part des plus
petits établissements qui n'ont pas fait partie
de l'enquéte ou n'y ont pas répondu. Pour le- sec-
teur de la fabrication, la méthode employée pour
gonfler le montant des dépenses en immobilisation
déclarées consiste & multiplier ce dernier par le
facteur du rapport de la valeur totale des expé-
ditions, pour 1'anrée la plus récente, de tous
les établigsements ayant répondu & l'enquéte cou-
rante, suivant la disponibilité des données.
{'utilisation des expéditions comme indicateur
connexe insdre une analyse d'ensemble dans les
procédures d'estimations afin de tenir compte des
caractéristiques pertinentes tel que la grosseur
d'un établissement. Pour les services d'utilité
la finance, les institu-
tions et des services commerciaux, on a appligué
le méme principe en cherchant des données de base
approprides sy secteur en cause. Les projets
mentionnés par les établissements b 1'égard des-
quelles aucun renseignement en matidre de produc-
tion ou autre ne pouvait &tre obtenu, sont ins-
crits comme "additions nettes". Il y a lieu de
croire que la formule d'estimation employée 3a
1'égard dea établissementa q