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ABSTRACT~ 

The conventionai approach in the theory and econ~metrics of investment 
i5 the partition of gross capital investment in two components: expansion 
(or net) investment and replacement investment. This thesis examines the 
latter component. A critical assessment of the literature a~ the-
lmpirical evidence reveal that the prevailing view·of replacement known as 
the "proportional replacement hypo~hesis" is incorrectly specified and 
·unsatisfactorY. 

"\ 
!il 

This thesis examines a vaniety of data brought together under the same 
foc us for the first time and comes up with two i~portant findings. First, 
firms maintain the operating capacity of their equipment not by replacing 
the wrole of the machine but by replacing worn out or defective parts. ~ 
cost of new parts along with that of labo~r and materials incurred in 
restoring the operating efficiency of machines are known as "repair 
expenditures". Data on these expenditures h~ve been collected by 
s~tistics Canada in its investment survey since 1947. Although in effect 
replacement expenditures, these data are not capitalized by firms and hence 
do not appear in our conventional investment statistics. Although they, 
account for a signifi~ant ,proportion of capital expenditures they are 
completely ignored in the theory and econometrics of replacement. Second, 
expansion and mâ"intenance of production capacity are not the only purposes 
for which firms invest funds. They also invest for a variety of other 
pur~oses, 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, fhe prices of 
factor inputs 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 stru'ctural investment. 

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 
~eplacement. Since repair expendi~ures are not i~cluded in standard 
investment statis~ics, the levei of investment spending is significantly 
higher than t conventionally thought. Also our capital stock data, 
particularly net capital figures, may be more deficient than previously 
presumed. 
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RESUME \.'\ ( 
. , 

Aussi bien dans la théorie économique que ~ans la pratique économ~tri~ 
que, l'approche conventionnelle consiste à diviser l'investissement brut en 
capital en deux composantes: l'investissement à des fins d'expansion et 
l'investissement à des fins de remplacement. Là propos de cette thèse estl 
d'étudier en détail ce dernier type d'investissement. La théorie actuelle 
du remplacement, tonnue sous le nom de "l'hypothèse du remplacement 

.... proportionnel" ne résiste _ pas. à l'évaluation cri tique de la fitt8ratl:Jre. 
économique et des preuves empiriques. 

Cette thèse étudie un ensemble de donnRes réunies ici sous un même 
angl~, pour la première fois. Deux résultats importants sont mis à jour •. 
Le premier est que les entreprises parviennent à maintenir la 'capaci~ de~ 
production de leurs équipements, non pas en remplaçant chaque machine en 
entier, mais plutôt en remplaçant les pièces usées ou dpfectueuses. Les 
coOts des nouvelles pièces ainsi que les dépenses en main-d'oeuvte et en 
matériel nécess1tées par leur installation, sont communément placés sous la 
rubrique des !!dépenses de réparation". Statl-§tique Canada rassemble depuis 
1'947, le~ données ~elatives à ces dépenses •. _ Elles n'appairaissent pa::; dans 
les statistiques conventionnelles rela'tives aux investissements,.' bien 
qu'elles constituent des coûts de remplacement d'équipements. En outre, 

·i·e~ qu'elles représentent un pourçentage ~portant des dépenses en immobi
sations, elles son~ totalement ignor~es pai' la, théorie économique et par 

pratique économétrique du remplacement. - Le second résultat de"cette 
é ude est de démàntr~r que les dépenses visant à l'expansion ou au maintien 
de la capacité de ~oductioh ne sont pas les seules possibles. Les entre
prises investis~ent pour une multitude d'autres raisons, telles la moderni
sation, l'amélioration, la modification des équipements, la dépollution de 
l'environnement et l'amélioration des conditions du milieu de travail. Il 
résulte de ces investissements une diminution des coûts unitaires de 
prod~ction et un acroissement de la rentabilLté de l'entreprise. Les 
entreprises répondent ainsi à sertains 4 changements structurels de la. 
demande, de la technolog+e, des couts des facteurs de production ou de la 
structure des marchés. Parfois, elles sont à l'origine dettels changements. 
Par ailleurs, ces investissements en capital modifient les rapports 
spécifiques qui existent entra. le capital et les produits ainsi qu'entre le 
capital et les facteurs de production. Le monde réel 8tant caractéris8 par 
l'hétérogénéité des capitaux et dex produits, tout change~nt structurel 
implique un investissement structurel. 

Il résulte de ces ~echerches d'importantes impÏ±cat~ons quant. _à la 
politique économique. Lès encouragements fiscaux peuvent. êtrè utilisés plus 
efficacement, quand ils visent des compagnies qui entreprennent des 
investissements de structure plutôt que d'expansion ou dë remplacement. 
Etant donné que las 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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The conventional theary and economettics of investment partition gross ~ 

J 
fixed capital formation, intQ two components: expansion (or net) investment 

and replacement investment. ,1, Expansion investment is induced endogenously 

by changes in economidvaria permanent changes in the level of 

real output (the accelerato principle) or 1 changes in (the prices of ,the 

output or inputs, s, the rentaI cost of capital, interest rates 

and tax factors (the ed neoclassical theory of optima1 capital 

accumulation). The bulk of theoretical ~nd econo~~tric work on investment 

has been devoted to this compone nt of grnss invi'tment. 

The nature and determinants of replacem~nt investment, however, have 

received far less attention. The conventional approach, as found widely in 

mainstream textbooks of economics, i~ the view that replacement investment , 

is intended purely ta maintain the operating capacity of capital stock ., 
intact in the face of depreciation, defined as the decline in the asset's 

efficiency ta supply capital services, the result of wear and tear in the 

course of production. Jo~genson (1965, 1974) has enunciated the view that 

the rate of replacement investment is an exogenously given constant and 

proportional to sorne measure of the economy's capital stock, and therefore 

equal ta the rate of depreciation. 

This view, known as 

came under heavy attack 

the "pl'oportional replacement hypothesis" (PRH) 

almost as saon as ~ was proposed. Feldstein and 

Foot (1971), Fèldstein (1974), Feldstein and Rothschild (1974), Eisner 

(1972, 19'1'8), Nickell (1975, 1978), Helliwell (1976) and Rowley and TrÙledi 
l , 

(1975) have aIl objected ta this myopie and mechanistic treatment of 

------------~~ ~ ---
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replacement. Besides, Jorgenson who advanced this view has completely 

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

(1938 a,b; 1946),8ain (1939), Terborgh (1949, 1954) and Dean (1951), aIl 
.,' 

of whom emphasized the importance of economic variables and dynamic 

- '" considerations found widely in practice. For example, they aIl stress the 

role of techni~al change and obsolescence as imposing a limit to the 

\ economic service life of an asset, weIl before physical wear and tear set 

in. AlI of them view ~eplacement as a variable whose value is determined 

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

factors. 

Our approach ta replacement has not merely consisted of re-shuffling 

the existing evidence. . We have brou~ht together additional data in order 

ta enlarge our insight on the subject. Examination of the quantitative and 

qualitative information has. enabled us to inductively reconstruct an 

arternati ve perspc>QJo",,",,--

subject and allows 
.' 

approach. Dur findi~---

productive research. 

replacement, one that sheds more light on the 

escape the myopie confines of the conventional 

significant and open the door to new paths of 

. 
Our first finding is that replacement occurs in a different way than 

had been assumed until now. Firms rarely replace the whole of a machine by 

an exact replic~of the old machine. Why should they do 50 when a machine 

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

machine parts are interchangeable? 
1 

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 material~ and labour incurred in the restoration of 
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the machine, however, are not èapitalized for aeeounting purposes as we .. 
would have expeeted for replacement. Instead, firms charge the- cast ,of ~ 

parts and labour on their operating aecounts;> 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 expenditures. 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 magnitude of investment 

activity has been con~iderably understated in our official accounts. 

Second, the levei of capital stock may in fact be higher th an 50 far 

presumed. Third, we have nothing ta account for the "other half" of gross 

capital investment! 

It is interesting that Statistics Canada, following a prag~atic 

approach has, in fact, collected data on these expenditures continuously 

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

"repair expenditures" and âre defin~d as expenditures incurred "to maintain 

'--the operating efficiency of the existing stock of durable physiçal assets", 

which is the same sense in which Jorgenson Aas defined replacement.' These 

repair expenditures are added alongside capital expenditures in arder ta 

derive a broader measure of "total'" investment activity in Canada. 

Su far, economists have been unable ta find direct measurable data on 

replacem:?nt. Their approach has consisted of imputing replacement 
~ 

estimates fram gross capital investment figures using theoretical 
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assuf!1ptions. At last we have before us a body of directly measured data 

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

Our second finding concerns the "other' half" of gross capital 

investment. If replacement expenditures are not capitalized and only a 

portion of capital investment is devoted to expans~, what purpose do the 

rest 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. 

manufacturing firms responding to the McGraw-Hill survey reported that only 
i , ~ 

27% of the $153.1 billion spent on fixed capital investment projects was 

devoiad to expansion. Canadian manufacturihg firms responding to the ÇlRIE 

survey reported that only 25% 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 ~aintenance of production capacity are not the only 

-purposes for which firms invest funds. Firms invest for a variety of other 

purposes, principally ta reduce unit costs of production and enhance 

prafitability in the context of an eV8r changing economic environment. We 

must accept that in the real ~orld our economy undergoes continuaI change, 

not only infthe values of the endogenous variables but also in the ~alues 
'" 

of the exogenous variables themselves. For example, technological change 

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

feature of Economie 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 final demand, change in the prices of factor inputs, 

change in the structure of markets and industry competition as well as 

change in the regulatory and institutional environment (pollution abatement 

and occupational 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. .. 
Economie reality, unlike the standard assumptions employed in the 

) 

the ory and econometrics of investments, is not ch8racterized by capital an~ 

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

generic concepts defining heterogeneous entities. The vast majority of 

capital goods are built to perform specifie functions in produc~ion, a 

notion which we calI functional specificity of capital. Different 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 sorne 

investment activity d~ffers considerably from expansion investment in that 

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

(total demand ~emaining constant) rather than the change in the level of 

total demand for output. Moreover, capital-output and capital-input 

specificUies are changed, whereas they remain constant "'ln expansion 

inve~ The flow af fixed capital investment that accampanies these 

Il 
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chang!=s shauld therefare 1e 
-fram the traditional 

categorizations of expansion and We propose a new 

term, that of structural investment. 

In practice, one finds many examples of such structural inveltment 

expenditures. They àppear under a variJty 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 car assembly plant 

te produce a different car model and investing in the reduction of air, 
~ 

water and noise pollution are Just a few examples. Here the purpose of the 
, 

ca~ital investment program is to restructure production. 

That this is common in the real :orld of eco::rics, no industry 

practitioner ~r close observer disputes. Trade and buslness journals and 

the press are füll of accounts of such activity. The problem is that the 
'. 

mainstream of (the economic profession has yet to acknowledge the nature and 
}...--

significance of it. Textboo~s continue ta partray the capital investment 

process in terms of expansion and replacement halfs. By ignoring the 
, 

equally important issues regarding the st~ucture of capital and output and 

their functianal specificity, we have neglectéd to learn about the role 
. .. 

that structural change exerts on investment as weIl as the role that 
) 

capital inve~ent plays in conditioning e~onomic change and adaptation. 

One of the crucial issues faci~g carporate executives and economic 
, 

polic~ makers today is how ta profitably maintain production in a mature 

indus trial econdmy characterized by slow growth and intense,international 
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competition. How weIl we understand this process of change and the 

potential that structural investment holds as a strategy fa? industrial 
.. 

renewal and economic adaptation\ may determine how well we 
-fare in our <t) 

transition ta a post-industrial soçiety. 

In this thesis we start our analysis by critically review~ng the 

existing literature an replacement. Chapter 2 examines two theories whiçh 
" 

treat replacement as a variable mechanistically determined by exogenous 

factors. They are Einarsen's (1938) hypothesis of generated reinvestment 

cycles, including the so-called "ec~o effect", and Jorgenson's (1965, 1974) 

~proportional reQlacement hypothesis". In Chapter 3 we examine other 

hypotheses which have been proposed to explain replacement. These theo~les 

share in varying degrees the underlying view that replacement is an 

economiç decision· and conditloned by economic farces. Present throughout 

this literature is the'distinçtion between "like-for-like replacement", the 

static or narrow definition of replacement, and "obsolescence replacement" 

or "re-investment", the dynam~c or broad rdefinition. IUthaugh the same 

term has been used far both it is apparent.tha't "replacement" in the broad 

sense has little in common with the more conventional definition of ,-

replacement in the "like-for-like" sense • 

• 
In Chapter 4 and its Appendix, we bring under the same focus a variety 

of data that provides us with a unique perspective on the nature of 

replacement. We report data which indicate that f.irms do not replace a 

machine by another machine of the same kind; that a machine is in fact a 

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

firms replace parts of the machines and by continuously replacing these 

.. 

--: 
1 , 

1 
'J 

1 

1 
! 
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parts they maintain the physical capacity of the machines intact forever. 

We examine the pattern of these "repair expenditures" and we add them to 

capital expenditures- in order ta obtain a more accurate picture of 

investment activity in Canada. We also examine data on the composition of 

capital in Canada, the assumptions underlying the conscruction of capital 

stock estimates and their w~àknesses, and the purposes for which firms 

invest. 
; 

In Chapter 5, we explain the nature and determinants of aIl those 

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 Ca~adian data 

which suppbrts our assertion that output and capltal are in faet 

heterogeneous and undergo structural change through time. The earri'ers of 

this change are the cQncepts of the product-life-cycle (PLC) and S-shaped 

sec'wlar industry growth patterns, .uhich contribute ta the economic 

transformation taking place. We finJ that structural change in our economy 

is the rule rather than the exception and that such change is both a 

det~rminant and a conseqCence of capital investm~nt spending. 

In Chapter 6, we sùmmarize our findings and briefly discuss their 

policy implications. The foremost implication for public policy is that 

there is much that the government can'do to assist the econo~y's adaptation 

to changing economïc reali ties by targeting fiscal incentives towards firms 

undertaking restructuring of th~ir capital. The foremost implication for 
Il 

business policy is that structural inve~nt is a potent strategy ~or 

attaining competitiveness and enhancing profitability. 

...... 
• 
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CHAPTER TWO 

MECHANISTIC VIEWS OF 
REPLACEMENTINVESTMENT: 

A CRITICAL REVIËW OF 
- THE LITERA TURE 

.. 
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1 • 

units rely in varying degrees on man-made aids ta 

production such ~toolS' machinery and equipment, engineering s~ructures 

and buildings, to roduce the goods and services we consume. ~c~ capital 
( 

goods do not have an infinite lifespan. Their useful life in production 

" can be maintained and extended through maintenance and'periodic repair and 

overhaul interv~ntions but changes in technology, consumer tastes and 

__ --~,~etitive interactions among firms will tender them economically obsolete 
..----- -- - --

finite span5 of time. Firms are faced with the on-going problem of 

ng aIder by newer capital ,goods 50 _as ta maintain productive 

cap city, minimize costs of production ~nd meet competition. 

• f 

Replacement lnvestment is not a trivial issue. At least half of all 

business fixed capital inves~ment may be devoted to replacement. Relative 

to its quantitative import~nce however, replacement investment has received 

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

be due to the scarcity of data on' actual amounts that firms spend for. 

1 replacement. On the other hand, the emphasis on expansion investment 

1 Data ar? reported only for gross .capital investment expenditures, 
which include replacement and expansion investment. Conceptually the 
distinction between replacement and expan~ion investment is easy to make, 
but, in practice, differentiating between the two types of exp~nditure is 
more difficult. In an environment of continual technological progress, 
aIder capital goods are replaced by more efficient and productive Qewer 
capital goods. Of.ten, this type of rrplacement entails an expansion in the 
productive capacity of the fir~ as welle 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 expans~rather than 
r:!!placement. '---
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may reflect the economic profession's preoccupation with issues of economic 

growth. Today, with growth rates well below those of the 1960s and with à 

more mature and aged industrial structure, issues of replacement and 
l 2 

modernization investment ha~e acquired greater importance • 
The purpose of this chapter is to take stock of where we stand in our 

formal understanding of the processes 'and interrelationships which~ 

condition the replacement investment process. Previous work on replacement 

, investment has 50 far been dominated by the view that replacement , 
investment is more or less a mechanistic process that is p~imarily 

conditioned by technological parameters. For example, Jorgenson (1965, 

1974) showed, that unde; certain specified conditions replacement investment. 

becomes a constant proportion of the economy's capital stock. This result 
, 

permitted him to provide a unifying and comprehensive theoretical framework 

for the treatment of both expansion and replacement investment ln the 

context of the neoclassical theory of optimal capital accumulation. Since 

nQ alternative integrated )ormulation of 

expansion and replacement--that lends itself 
'\ 

, 
the investment process--both 

. 
to easy empirical applications 

seems to exist, J~rgenson's view of the replacement process' has dominated 
... 

theoretical and empirical work in this 6rea . 

An alternative view of the replacement proces~, however with 

antec~ents to Marx (1893), Robertson (1915) and 5cho~heyder (1927), is 

elaborated by Einarsen (1938a,b; 1946). In a comprehensive 3mpirical study 

2 Witness ,_ Tor example, increased references ta "industrial renewal", 
"de-industrialization", "new industrial policy", "industrial 
transformation" which have domi~natèd headlines in major financial and 
economié periodicals as well as government policy in Canada. 

," 

-------------- - - ---

/ 
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of the No~wegian shipping industry, Einarsen found a recurrent reinvestment 

cycle whereby Norwegian shipowners concentrated ~eir replacements every 19 

years. At su ch intervals there was a surVge in replacements followed by 

long periods'of low activity. At that time were .not preoccupied 

with growth but ratrer with the business cycle. Among the hypotheses 

proposed to explain the periodic ups and the level of economic 

acüvJy was that of a "puJ;e" reinvestment cyc~e, whereby firms under pure 

. technical necess~o replace their worn-out and depreciated mac~inery and 
, 

equipment would periodically generate a boom in investment activity. Once 

initi~, an investment boom was trpable, on its own, of generating re
/ 

investment cycles of replacement investment periodically over time. 

Replacement ~as an outcome of technical necessity but it did not tend 

towards some constant value for proportionality over time but rather 

exhibi.ted per iodic surges, the so-called "echo effect". 

The view that reinvestment cycles were aJone responsible for the 

business cycle were challenged early on by Tugan-Baranowsky (1901), 
Q 

Spiethoff (1902), Aftalion (1908), J.M. Clark (1923) and, Akerman (1928). 

According to these investigators the reinvestment cycle was the oonseguence, 

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 investm~nt 'was 

conditioned by economic factors was given by Bain (1939). He anticipated 

man y of the arguments later advanced by Feldstein and his associates to 
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account for fluctuations in the level of replacement investme~t3. 

Recent years have seen a weakenin~ of support for Jorgenson's 

mechanistic-proportionality view of replacement. Eisner (1 ~68, 1972), 

Feldstein and Foot (1971), Feldstei~ and Rothschild (1974), Nickell (1975), 

Bitros and Kelejian (1974), Cowing and Smith 11977), Lioukas (1980, 1982) 
f 

and others produced theoretical arguments and empirical evidence which ~ 

suggest that replacement investment is variable and sensitive to, among 
.., 

other factors, liquidity of the firm, the state of the business cycle, . , 
le~el of expansion ~nvestment, capacîty utilization and replacement 

backlogs. Unfortunatj31y, although increasing evidence has been 

accumulating with respect to the' raIe of such economic factors in 

conditioning the level of replacements in the short-run, no comprehensive 

and unifying theory of replacemen,t investment has yet emerged fromt,lthis 

source. 

Wider views af the replacement pracess which complement rather than 

compete with the views stated above are advanced by Terbo ( 1 949, 1 954 ) 

anoDean (1951). According to Terborgh, capital goods not necessarily 

scrapp~d and replaced by newer ones but rather displaced to a lower 
\ 

function, e.g., a standby or anc1l1ary function, a process he calls 

"functianal degradàfion". 

retirement (or scr~pping) 
Replacement in this view is not equated with 

of old as sets • Existing assets are merely 

're-assigned functions or re-deployed ta other areas while m8King room for 

the utilization of newer assets. Dean (1951) distinguishes among different 
'iJ 

3 -
It i~ unfortunate that neither Jorgenson nor Feldstein and their 

associates refer to Bain's work in this area. 
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, 
typès of investment such as expansion, replacement, product and strategic 

investments. In particuiar, he differentiates between aggressive 

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

. agents replaci~g equipment periodically whenever economic conditions are 

propitious. Instead he co~siders strategie aspects that arise from dynamic 

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

compelled' to replace or to modernize their equipment before they would have 

otherwise done, because other firms in the industry have introduced more 

aâvanced, 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 

(agg}essive investments). 80th Terborgh and Dean introduce dynamic 

elements--widely found in practice--but which have not been captured in any 

of Dur formaI models of replacement investment. It is int~resting ta note 

that, at last, concepts such as "strategie entry-deterance,r are generating 

rnuch interest in the newer literature on industrial organization. The~ 

non-mechanistic views o~ the replacement process are presented in Chapter 3 

below. 

A considerable body of the literature on replacement is also devated 

to the issue of optimal replacement. Here the focus is on developing 

guidelines or deeision 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. However, a 

-brief mention is in order. The treatment of optima~replacement began with 
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Taylor (1923), Hotelling (1925) and continued later with Preinreich (1938, 

1939, 1940). According ta Taylor (1923), optimization of the replacement 

requires the minimization of the machine's unit cast including interest. 

Thus optimal timing occurs when the unit cast plus interest Jof the old 

machine exceeds the minimum cast 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 analysis in a steadily growing , 

hypothetical economy than those of his predecessors. Assimilation of 'these 

three perspectives resulted in rether abstract and mathematical exercises 

which ignored obsolescence and required the firm ta have more,prebise 

information th an was realistic. _They were later extended by Dean (1951), 

Terborgh (1949, 1954), Jorgenson, MeCall and Radner (1967), Vorlander and ~ 

-

Raymond (1932), Wicksell (1934), Moonitz (1943), ~lchian (1952) and Smith 

(1961)4. 

4 For a more extensive review of early contributions to this 
literature see Grosse and Berman (1957). 
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2. Replacement (Reinvestment) Cycles: The "Echo Effect" 

In many ways, Einarsen (1938a,b;1946) was the first econamist ta 

explicitly and syste~atically examine replacement investment. His purpase 
'>. 

was ta assess an hypothesis that had been advanced ear1ier by Marx (1893), 

~obert~on (1915), Schanheyder (1ffi27) and others, whereby replacement 

investment cycles were primarily responsible for the periodic ups and downs 

in the 1evel of business activity (that is, for the b~siness cycle). 

Einarsen refined and elaborated the hypothesis. Accord~ng to him, bunching 

of investment expenditures in previous periods result in bunching of their 

replacements in subsequent periods, 50 the length of the lagged ajjustment 

is equal to the average lifetime of assets composing the capital stock. 

For example, if machines last ten years on average and there has bèen an 

investment boom five years ago, then five years From now there will be a 

surge in the level of replacement investments. AlI other variables 

remaining constant, the same surge in replacement spending will re-occur in 

every subsequent ten year periode 
~ 

These periodic su~ges in the level of 

replacement expenditures he calls pure or generating reinvestment cycles 

with corresponding "echo effects". Figure 2-1 illustrates the reinvestment 
Go, 

cycles, where N i5 the average lifetime. Assuming a steàdy state situation 

whereby gross investment equpls replacement investment and capital stock 

remains constant through time, a one-time increase in expansion investment 
, . 

(El) will'cause a contemporaneous one-time increase in the level of capital 

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

• (RI) euery Nth period, which are known as replacement cycles or the "echa-
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effect". 

The necessary conditions for the existence of reinvestment cycles were 

spelled out by Einarsen (1938) and later by Howrey (1 !965') .' They are (a) an 

uneven concentrat'ion of investment activi ty over time or inves,tment 

bunching; (b) a s~table length' of life for individual assets; (c) a stable 

composition of as sets in the capital stock; and (d) a constant proportional 

replacement of previously acquired assets. Ta the extent that firms decide 

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

apital 
tock (R) 

o~---------------------------------------------------

Expansion 
Investment 
(EX) 

01---------

Replacement 
Investment 
Cycles (RI) 

t Time 

t Time 

.' 

O~---------------------------------------------------Time t t.N t+ZN 

FIGURE 2-1 

Generation of Reinvestment Cycl€s Over Time 
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sUbsequen,t reinvestment cycles. As firms generally replace less of ~heir 

assets when the y reach the end of their productive lifetime, the cycles 

will become more and more damped. 

To test whether 
, 

there were indeed such cycles, Einarsen ~1g38a) 

undertook a well-controlled empirical study of the Norwegian shipping 

industry, using quarterly time-series data for the long period extending 

from 1883 to 1932. His results confirmed the existence of the rein~estment 

cycle. He found' he9vy concentrations of ship replacements every 9 years 

ànd 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, however, reproduce the same type of study for other industries, 
. 

nor did he attempt to correlate it with business cycles. Since conditions 

are not the same in different industries, a~y extension of these results ta , 
, 

1 other industries should be '. done with caution. Nonetheless, it is 

significant that the periodicity of the cycle remained stable in spi te of 

the faet that this was a period of radical technologieal change for the 

shipping industry, one that saw the transition from sailing ships to steam 

ships. \ 

Another significan~-thOU9h overiooked--empirical result of his study 

was his f~nding that the bulk of the replaced ships were not scrapped by 

their owners. Instead they were sold to other owners who continued them in 

service. Clearly, at the industry level the replacement process is not 
. -

tied directly 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, b~cause there will be no direct connection between the 
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breaking up of old ships and the construction of new ones. .., 
Consequently~ we cannat measure the repiacement activity by aomparing 
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 ta breaking wp of old ships." 
(Einarsen, 1938a, pp. 49-50). 

This phenomenon led him ta introduce \ the distinction between 
.1 

"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 hjs preference for the 

term "reinvestment cycle" as opposed ta "replacement cycle". Einarsen also 

found that shipowners replaced only about half of their alder ships. The 

retirement of a ship by an owner (whether sald ta anather ship-awner, 

scrapped or wrecked) 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 aIe damped and tend ta become less visible 

over time. Further, they imply there is no d~ality between replacement 

investment and depreciation (Qr retirement). 
~ 

Clearly, Einarsen's study 

indicates that there may be contextual and dynamic considerations involved 

in the replacement process to which we shall turn later. 
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Most empirical studies of investment since the early 1960s have been 

based on variants uf the neoclassical theory of capital accumulation, whic~ 

Jorgenson (1963-1974) explored by building on earlier work by Lutz (1~51), 

Hirschleifer (lB58}, Haavelmo (1960) and Koyck (1954). According ta this 

theory, gross investment (GI) cah be partitionecr iQto two distinct 

components: expansion 'or net 
• '\1 
lnvestmen~ (El) and replacement investment 

(RI). Expansion investment is viewed as a lagged adjustment by the firm to 

deviations between its desiFed and actual stock of capital (K*-K) through 

Ume or to changes in the former. Desired capÙal stock in t~r", ? .s a 

f~tion of output and the user cast of capital services. Rep'lacement 
~ 

investment (RI) is viewed to respond ta an entirely differ.ent mechanism: 
,. 

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

economic level, the ecOhomy's) stock of capital, lagged one pertod: 

where ~ is a constant and stand~ for the rate of economic depreciation. 

Th~~theoretical basis for this treatment is provided by Jorgenson (1965; 

1971; 1974) and by Jorgenson and Stephenson (1967). It is summarized in 

the proportionsl replacement hypothesis (PRH). 
1 

According ta Jorgenson, fixed assets deteriorate at a constant 

exponential (geometric) 

decar" where the physical 

constantly as a result 

l"lt>.. 

rate. The deterioration takes the form of "output . \ 
productivity (effici~ncy) of the machine declines 

1 
wear and tear until at some point Hs 

... 

1ft '/,.., , 
-~ ;; -
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productivity drops ta zero. In other words the PFoductivity 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 uncertainty, and 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 cap~city. This is accomplished by a continual positive flow'of 

.replacement inv8stment, which Jorgenson treats as the dual of depreciation 

(0). By explaining the rat~ of decline in the efficiency (E) of assets 
o 

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 between the time 
~ 

the firm's as sets decay and their replacement. Thus, if output decay leadp 

ta an increase in desired (potential) replacemen~ investment, the gap is 
~ 

i~ediatelY filled. In other words, while distributed time lags are 
-

present in the firm1s expansion investment there are evidently no such lags 

in its replacement investment. Jorgenson justifies this specification as 

being essentially appropriate for a "tecurrent event" • 
• , 

Based on th~ framework, Jorgenson showed that the rate of replaceme~t 

investment will approach a constant fraction of capital stock (&) as long 

as capital decays or grows at a constant rate ip 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 ta 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 as' 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 
"t 

become a constant fraction of capital stock. 

A cursory look at the rate of investment spending in any economy is 

sufficient· to show that the condition that gross investment and hence 

)fpital, grows at a constant rate has never been observed. .Feldstei1lfn? 

Rothschild (1974) have shown that actual variations in the rate of growth 

of investment in the U.S.A. are sufficient to generate significant cycles 

in the rate of replacement investment. Jorgenson, however, never relied 

too mu~h on this condition to prove his point. 

His justification for using the PRH in his own work on investment has 

rested on two key grounds. 

changes in the age structure of , 
First, that there is no direct evidence of 

capital stock. He has made much of the 

"indirect" evidence furnished by Meyer a~ Kun (1957) who found no "eeho 

effects"; implying that the age structure W!!S found to have no impact on 

the rate 5 --of investment. Second, he suggested ma5t empfrical evidance on 

the declive in the resale values of usr~ capi tal eq~lpment (primarily 

'vehicles and trucks) supports his assumptions that capital goods depreciate 

5 A direct implication of this result i5 that capital goods follow a 
geometric (exponential) mortality distribution. 

" 
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at a geometric (exponential) rate. Bqth of these supplemental sources of 

evidence need ta be clarified. 

Meyer and Kuh (1957, pp. 91-100) as part of their extensive study of 

the determinants of investment, tested Einarsen's hypothesis of 

reinvestment cycles and the associated "echo effect" for 15 2-digit SIC 

manufa4turing industries in the U~5.A. during the period 1946-1950. ~hey 

assumed that bunching of investments and subsequently of'replaceme~ts would 

'" be associated with a variation in the average age of physical assets. The 

older the existing capital stock of an industry, the greater will be the 

corresponding level~replacement investment. In trte context of bath a 

profit model and a sales nodel, they regressed the fate 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 asse~s, they assumed that 

accumulated Depreciation reserves should adequately reflect the relative 

age of as sets . 

If indeed t'here are "echo effects", they reasoned that there should be 

a direct, positive relationship between gross investment and age. Again 

" since there are no direct dat~ o~ replacement investment itself they 

assumed that surges in replacement should show themselves in surges in 

overall gross if1vestment. Implicit here is the assumption that expansion 

and replacement investment are essentiall~ independent of each other. 

Their basic hypothesis was that gross ~nvestment is positively related to 

the age of equipment. 

This hypothesis was rejected because, with the exception of textiles 

._ J __ _ 
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and machine "tool industries, aIl other industries showed significant 

negative partial correlations between age and Gross lnvestment. Meyer and 

Kuh (1957) explained their negative cr~onal results by invoking the 

"senility effectIf according ta which less dynamiç firms have lower rates of 

investment and hence higher average age of equipment while more dynamic 

(and growîng) firms which have higher rates of investment will show a lower 
41> 

average age of equipment. These supplemental hypotheses are far from 

Jorgenson's mechanistic notiornt 

Meyer and Kuh were careful ta defend their findings against possible 
k 

,,' 
criticism. They were aware that the use of Gross investment as the -dependent variable was not the most appropriate, because what they were 

o 

really testing for is replacement investment. AIso, the use of accumulated 

depreciation reserves as a proxy for age may be Inadequate and "perhaps the 

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

included as an addi tional independent variable. n They are also aware that 

in principle,' a better test would be based on time-series analysis rather 

than cross-sectional analysis, which they used. Nonetheless, they conclude 

that "eeho effeet" theories of investment "have, been decisively rejected by 

our statistical findings." 

That the amount of replacement investment and the average age of 

capital stock are negatively however, holds no direct 

implication for the presence or of "echo-effects." As Nickell 

(1978, p. 122), for demonstrates, there is no basis for 

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

should be related in the first place. 

• 

\ 
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"For example, H maY~magined that potenti:~ replacement WOUld' 
increase wi th the average a~e of the capital stock on the si,nple 
argument that the older the capital stock, the more needs,replacing •• 
Unfortunately, the existence of techo effects provides no such 
implication and 'consequently their existence is neither cOnfirmed nor 
denied by the 'discovery that there i~ no systematic relationship 
'between the average age of capital stbck and t'he amount of potential 
replacement (or actual replacement for that mat~er)." 

All that Meye~ and Kuh'~ results may indicate is simply the fact that a 

positive gross investment program in an industry leads to a shortenlng 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 wh~le different firms within a cross section are habituated to 
given investment rates and equipment ages, an increase through ti~ in 
the age of a given firm's capital stock would cause an inc ea~e in 
that firm' s investm,nt .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. Su ch ~onnections may be, 

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

~ "_ firms may be unable ta maintain concurrently high rates of both 
- j~~~ 

expansion and replacement investment. In fact, ~irms may alternate the two 

types of investment spending which leads to a smoothening over time in 
1 • 

their rate of gross investmeHt. To the extent this is true, the dependerlt 

variable (gross investment) employed by them will fail to pick up 

variations in replacement investment. 
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We must conçlude from these considerations that Meyer and Kuh (1957) 

failed to detect the absence of the"echo effect." This holds important 

'implications for Jorgenson' s view that the replacement investment is a 

mechanical constant of capital stock. Furthermore, as Rowley and Trivedi 

(1975, p. 17) observe (a) Meyer and Kuh's finding of the "senility-effect" 

is contrary ta a mechanistic interpretation of replacement; and (b) in 

their subsequent wark, bath 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 ta 

understand why Jorgenson has made so -much of Meyer and Kuh's results and 
\, 

why he has completely ignorèd the most comprenensive stu~ on "echo 

effects", namely that of Einarsen (1938a,b; 1946). 

4. 'Capital Depreciation Patterns: Discussion of Findipgs 

Evidence on used equipment priees is relevant because in.principle, it 

reflects the pattern 9f deterioration of capital goo~s. Since data on 

actual patterns of deterioration of capital goods--with the exception of 

Winfrey (1935)--ar.e non-existent, the pattern of decline in the priee of 

capital goods becomes essential in the ~rgument • Jorgenson has justified 
• 

his assumption of constant exponential decay on a number of studies of used 

moveable assets namely, those py Griliches (1970) on used farm trucks, 
~ 

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

half-ton pick-up trucks. These studies suggest that after the first year,' 

, 

• 
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priees of used equipment tend ta de cline at an exponential rate. However, 

the pattern of deterioration is not sufficiently exact ta allow for a 

decisive aeteptance of the hypothesis and the data lead"to alternative 

Interpretations. For example, Griliches (1970, p. 198) examining pricep of 

used farm tractors for the period 1937-1958 concludes that "the data point 

ta a declining balance depreciation model, with a rate somewhat higher in 

the 1930s than in the 1950s. " Cagan (1971, pp. 225-6) finds that 
\ 

expor'fential decay provides a "satisfactory approximation" ta used (car 

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

tends ta change slightly from one model year ta another. Wykoff (1970, pp • 
. " 

171 -72), als0 for automobiles,' finds that "after the first year cars do 

appear t,a decay exponentially" but he goes on to say that "first-year , 
depreciation is alma st twice the rate in succeeding years" and eoncludes 

/ 

that "depreciation rates far ~utom~bi1es 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 
• 

suffieiently far from tre mark as ta render the resul ts questionable." Hall 

(1971, pp. 240-71) is more sanguine in examining the priees of Forô and 
, 

Chevrolet hal~-ton pick-up trucks for the period 1961-67 when he employs a 

more comprehensive design, taking into account (in addition ta age) the 

priee;; of new madeis and technical change. He concludes that " ••• the 

geametric function is prcbably a reasonable approximation for -many 

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

geOmetri~~~rioratiô~ serious error has been committed ,,"y using a 

in calculating ~pital stock. " 
b 

funetion 

.. -
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Feldstein and Rothschild (1974), major critics of the Jorgens9n 

position, have examined analytically aIl the conditions that need to be met 

if Jorgenson's. hypothesis is to hold at the aggregate level. They find 

that replacement investment will be a constant fraction of capital stock if 

either A1) aIl pieces of capital stock deteriorate . at the same constant 

exponential rate or if A2) the entire capital stock (and therefore net and 

~ros~investment) grow at a constant exponential rate. Ta the extent ~hat , 
aIl pieces of capital stock do not deteriorate at the sa me rate, the PRH 

will still hold provided that A1) each machine detèriorates at a constant 

exponential rate ~ A2) the composition of capital stock by type of 

durability remains constant •. 

They begin by showing that capital goods in the economy exhibit 

different deterioration patterns: 
• 

"It seems hardI y necessary ta argue that there are differences in 
the deterioration patterns of capital goods. Everyone knows that 
computers become obsolescent more quickly than typewriter~, that 
Volkswagens depreciate less quickly than C~rvairs, -that" light 
fixtures outlast the lightbulbs in them." (Felds~ein and Rothschild, 
1974, p. 400). 

Any eng~neer 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 ~ssets ever undertaken, analyzed 176 different groups of assets. He 

found that assets are characterizec by 18 distinct mortality distributions. 

The United states Treasury Oepartment's Bulletin F indicates a wide variety 

_of average lives-for different assets. Clearly machines or equipment do 

not,last as lonQ 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. Dep~rtment of Commerce, for the estimation of 

capital stock. Surely if aIL types of capital goods .depreciated at the 

5ame rate it would not have been necessary for the Department of the 

Treasury and thousands of 9usiness corporation executives and accountants 

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

guidelines. 

TABLE 2-1 
. ./ .f 

'. ,.. , ." 

SERVICE LIFE FIGURES EMPLOVEO 8V THE U.S.A. OEPARTMENT OF 
COMMERCE BUREAU OF ECONOMIC ANALYSIS (BEA) FOR 

CALCULATION OF CAPITAL STOCK DATA 

Type of Asset 

Fixed nonresidential business capital 

Furniture and fixtures 
Fabricated metal products 
Engines and turbines 
Tractors 
Agricultural machlnery (except tractors) 
Constructipn ~achinery (except tractors) 
Mining and ail field machinery 
Metal working machinery _. 
Special-industry machinery, n.e.c. 
General industrial, including materials handling, 
Offica~ computing, and accounting machinery 
serVice-indust€y. machines' .• 
Electrical mac nery 
Trucks, buses, nd truck t~ailers 
Autos 
Aircraft 
Ships and boats 
Railroad equipment 

equipment 

Life 
( Years) 

, 
15 
18 
21 
a 

17 
,9 

10 
16 
16 
14 

8 
10 
14 

9 
10 

. 9 
22 
25 

7' 
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Type of Asset 

Instruments 
Other equipment 
Industrial buildings 
Commercial buildings 
Religious buildings 
Educational buildings 
Hospital and institutional buildings 
Other nonfarm nonresidential buildings 
Railroad structures . 
Telephone and telegraph stDuctures 
Electric light and power structures 
Gas structures 
Other public utility structures 
Farm nonresidential buildings 
Petroleum, gas, and other mineraI construction and exploration 
AlI other private nonresidential structures 

Residential capital 

1-to-4 unit structures 

, 31 

Life 
(Years) ~ 

11 
11 
27 
36 
48 
48 
48 
31 
51 
27 
30 
30 
26 
38 
16 
31 

New 80 
Additions and alterations 40 

5-or-more unit structures 
New 65 
Addi tions and al terations 32 

Mobile homes' 16 
Nonhousekeeping 40 
Equipme~t 11 

Co~er durable~ 
Furni ture, ,inclucJing mattresses and bedsprings 14 
Kitchen and other household appliances 11 
China, glassware, , tableware, and utensils .JI 10 
Other durable house f!-lrnishings 10 

. Radio and tel~isibn receivers, records, and musical in~truments 9 
Jewelry and watches < ' Il 
Ophtalmic products and orthopedic appliances 6 
Books and maps 10 
Wheel goods, durable toys, sports equipment, boats, and 

pleasure aircraft 1 0 
Trucks, trailers,'and recreational vehicles, and parts 

and accessories' 8 
Autos _ 10 
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Type of Asset 

Fixed nonresidential.90vernment-owned capital 

Equipment 
Industrial buildings 
Educational buildings 
Hospital buildings 
Other nonresidential buildings 
Highway and streets 

-Conservation and deve10pment structures 
Sewer st:ructures " 
Water structures 
Other nonresidential structures ' 

Feldstein and Rothschild (1974) 

patterns are not the same even for the $ame rlass of assets. 

32 

bife 
(Years) 

15 
27 
50 
50 
50 
60 
60 
60 
50 

. 50 

Grilichës (1970), Cagan (1971), Wykaff (1970) and Ramm (1971), ail of wham 

find variations ln 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 large U.S. cars. Clearly, capital goods exhibit different 

patterns of deterioration. 
<\l 

If this is true, the only way that capital 

stock will exhibit exponential decay at the aggregate level and therefore 

lead to a rate of replacement investment. which is a constant fraction of 

capital stock is when both conditions (A1) and (A2) are met. 

A2 requires that the composition of capital stock remains constant. 
J 

Unfortunately there are no direct data on the age composition of capital 
, 

stock. 
~ 

However the available proxy data (based on certain assumptions and 

undertaken at a considerable leveI of aggregation) do show changes in the 
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age composition of capital stock. The U.S.A. Oepartment of Commerce (1971, 

p. 109) shows that the age distribution of capital stoçk has changed 

markedly. In 1925, 34.4% of the gross capital stock was less than 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.S.A. 07partment of 

Commerce (1969). shows that the mean age of non-farm gross capital stock 

changed from 14.7 years in 1925 ta 17.7 in 1945 and ta 10.2 in 1968. Table 

2-2 summarizes these data for equipment and structures. 

TABLE 2-2 

MEAN AGE OF U.S.A. NON-FARM GROSS CAPITAL STOCK 
(in years) 

Eguiement Structures Eguie~nt and 
, Structures 

1925 9.0 17.3 14.7 
1935 10.8 19.1 16.7 
1945 9.1 21.7 17.7 
1955 6.5 17.9 - 12.9 
1965 6.7 14.8 10.9 
1968 6.2 14.2 10.2 

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

Ta 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 

investmen~ 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 f 

and Wasson (1966, p. 35) seem to suggest that changes in the age 

composition are entirely due ta change~ in the asset composition of gross 

capital stock, we can take a more restrained view~ changes in the mean 
, ./'4 

age of capital stock are due ta bath the changing rate of capital formation 

and the changing composition bf capital stock. Decomposing the two effects-

is difficult, perhaps impossible. Further evidence that the asset 

composition has been changing has been supplied ~Y Aaron, Russek and Singer 

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

1969 an 1971) encoLraged equipment investment relative 

to in housing and plant in recent years. Furthermore, the 

boom for eomputers and automated office-and-data-processing 

equipment is definitely affecting the age composition of as sets as ean be 

seen in Johnson (1981) and Schnorbus (1985) for example. 

Most studies of second-hand priees show a sharp drop in the value of 
f 

assets! ~ reflecting a depreeiation rate at least 'twiee as high in the first 

year as compared ta, late'r years. Jàrgenson (1974) dismisses this faet by 

,arguing that "priees of new equipment are 'list' priees paid by relatively 

few purchasers", although it is unclear where this argument leaves measure5 

of gross investment. What the sharp drop in the resale value of an aS5e~ . 
after one year of service may reveal is the apprehension of seeond-Q?nd 

buyers regarding the quality of the asset. As Eisner (1978) ~or example 

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

that t~e reason the first owner is getting rid of the asset sa saon i5 , 
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because it is a tflemon"--in the context of imperfect information and 

foresight-,-he will demand a premium for the perceived risk he is 

_ undertaking. If this is true, i t suggests that there are other factors--in 

addition ta output decay--which influence depreciation patterns. Accept~ng 

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

used eguipment priees as a proxy for the pattern of decline in the 

efficiency of these assets. 

Even if tractôrs, automobiles and pick-up trucks decay exponentially, 

one should not generalize the results for aIl types of assets in the 

eeonomy. To begin with these are standardized moveable assets with well-

organized second-hand markets. What about assets which are diffieult ta 

move or ~ustom-built like engineering structures, plants and many types of 

maehinery an~ eqvipment, or other moveable but more speeialized as sets 

whieh laek organized second-hand markets? Clearly, installation, . 
transportation-'and other types of adjustment costs will exercise a 

signifieant impact on the resale priee of tMese assets. It is of no 

surprise that the studies whieh Jorgenson quotes are lim}ted ta vehicles--

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

certainly involves a very heroie assumption. 

F eldstein and Rothschild make the useful anal ytical di~tinction" 

betwé'en "output decay" and "input deeay". In the former, the drop in the 

productivity of the machin~ is the result of a decline in the output that 

the machine can give--maintenance, repair and operating expenses remaining 

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

decline as a result of use. In input decay,the drop in the produetivity of 
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the machine is not the result of a drop in the amount of service it yields. 
,r 

It is due to an increase in the operating and maintenance expense èf 

keeping the machine in proper working arder. Depreciation reflects the 

combined effect of output decay and input decay. Ta the extent that the 

drop in resale values of as sets reflect an exponential depreciation 

pattern, it reflects the combined effect of bath types ~f decay. One must 

not, as Jorgenson does, attribute all of the decline in value to output 

decay. Furthermore, Feldstein and Rothschild rightly point out that the 

capital services ytelded by a machin~ also de pend on the quality of inputs 
. 

(and also quality of maintenance, care, etc.) which depend on economic 

considerations. Thus, "automobiles last much longer and travel many more 
, 

miles in Israel (where labor is relatively cheap and new cars are taxed 

heavily) than in the United States. Depreciatio~ patterns, output decay 

patterns, and, more importantly, the relation between the two, depend on 

relati~e priees." 

Another realistic account of why the pattern of decline in the resale 

value of an asset may not reflect the pattern of decay in the asset's 

productivity is given by Dean (1951, p. 163). An asset's ea~ning power is 

much more valuable to the owner than is i~s value based on . market selling 

priees, because (a) many assets are custom made or specially designed for al 

firm's purposes; (b) the firm knows more about the mechanical condition and 

performance of its as sets than prospective buyers and (c) transfer costs of 

selling in imperfect markets reduce the market value of the asset. 

It also seems sensible to consider alternatives ta the PRH. For 

example, suppose machines, once put in place yield a constant Flow of r " 

~--------------~- -
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cornes to the end 

of its usefui life and then bréa~CJWn. which is oft~n termed the "one

hoss-shay" assump.tion. Here there has been no Cutput decay throughout the 

useful li fe of the asset, but there probably was input decay. Maintenance 
) 

and operat~g costs may have been rising over time, perhaps even 

exponentially, in which case the depreciation pattern of the asset will 

reflect exponential decay--even though its physiçal deterioration pattern 

is that of a one-hoss-shay (Le., zero output decay). The fact that the 

physical ptoductivity of the asset in terms of the output services it 

yields remained intact throughout its life implies that the owners of the 

machine did not have to undertake any replacement 'investment. Feldstein and 
4 

Rothschild (1974), and more directly Rowh~y and Trivedi (1975, p. 17-) and 
p' ~ • 

Nickell (1978, pp. 116-121), show that if tr e assumption of exponential "'1. 

output decay is replaced by the one-hoss-shay, replacément requirements 
,fJ} 

will not bè a constant fraction of capital stock.. Instead one will get 

fluctuations in replacements si~ilar to Einarsen's pure replacement cycles. 

Moreover, Nickell (1978) has shown thattthe same result will occur for any 

nôn-exponential decay function unless the age structure of the capital 

stock remains constant. 

In a study of 21 2-digi t SIC manufacturing industries for plant and 

equipment, Coen (1975) found that the services provided by about 50% of 

plant and 12% of equipment in manufacturing resemble those of the 

one-hoss-shay. The services of another 28% of plant and 44% of equipment • 

decline linearly ta zero over the service liff7. At least 78% of plarlt and 

56% of equipment in the U.S. manufacturing sect or exhibit non-exponential 
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decay. Clearly then, for as sets with non-stochastic lives the above 

results point to the r~oA of the exponential decay hypothesis and of 

course its dual, the PRH. 

Finally, we must remember that service lives of as sets are averages. 

Similar assets will not aIl collapse at the same time. Sorne will collapse 

before the average 'lifé, àthers afte@Un-dérlying the -rilean sèrvlëé lifé 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 1 piece of 

equipment will be replaced after a given length of service exhibits an 

exponential pattern it does not matter if individual assets exhibit a 

one-hoss-shay pattern of decay, because as a group, their exponential 

, r~irement distribution will lead ta an exponential pattern of replacement. 

Winfrey's (1935) empirical study based on su~veys of 176 different groups 

of assets rejects this possibility. Only one of Winfrey's 176 retirement 

distribution looks remotely like an exponentiBl distribution. What this 

summary of evtdence and research reveals is a simple facto There is 

neither strong theoretical nor empirical grounds to support the proposition 

that capital decays exponentially and that replacement investment 

approaches a constant fraction of capital stock. 

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

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

evidence 'and research. These should be noted: (1) the" assumed equality 
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between replacement investment spendfng and desired replacement; (2) the 

assumed equality between desired replacement inyestment and economic 

depreciati6n; (3) the effect of tax factors on economic depreciation and 

consequently replacement investment. 

Implicit in Jorgenson's formulation of the replacement process is i~s 

specificatirrn that there" is' no lag between the time that the need for 

~lacement arises and the time it i5 fi11ed. 

forecast with perfect foresig~t 50 actual 

He assumes that firms can 

replacements coincide with 

requirements. Thus, c8sired replacements are equa1 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 (1968), Rothschild (1971) and Treadway (1969), among others, have all 

shawn that firms plan and carry out their investment pr~grams in such a way 
. 

50 as to take into account adjustment factors and their attendent 

adjustment costs. Second, firms may lack 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,ment prog~~ms whereas availability of liquidity tends to accelerate 
\ 

their execution. Third, as Helliwell (1976) points out, firms may not feel 

compelled to replace aging capital goods when there is a decline in output 

demand and they operate wit~ excess productive capacity. The PRH implies 

that firm( will always carry out a positive level of replacement investment 

even dV'ing years of declining demande Fourth, machines do not just die 

once they reach a given age. In fact machines are often replased for 
• r-

1 

economic reasons long before they break-down for mechanical reasons. On 
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the other hand, through a continuo us maintenance policy any machine can be 

~ kept in service permanently, the only question is at what price! 

Replacement is clearly postponable too! Such flexibility has been known to 

economic theorists as far back a~ Aftalion (1908) Akerman (1928), Einarsen 

(1938) and Bain (1939). During recessions when demand for capital services 

is low, firms may postpone their replacements until the period of recbvery 

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 technolGgical change. 

Another assumption implicit in his formulation of replacement is that 

desired replacements (and actual replacements) are eQual to economic 

depreciatiôn. Depreciation is used in the economic literature at least in. 

The first of these is accounting depreci~, used for 
"'" 0 

three senses. 

accounting and tax purposes. It consists of generally accepted or 
, .... 

legislated methods of allocating the co st of physical durable asset5 over 

time, in order to enable the firm to recover financially its investment 

costs for book or tax purposes. Depreciation in this -sense is a convenient 

f ~ d" t d way 0 sprea lng cos an is not 'directly tied, nor is it a fiirect 

reflection of wear and tear or obsolescence6 • The second sense in which 

the term is used i5 in a phY5ical sense, and is equi~alent to the concept 

of depletion. We shall calI it physical depreciation. It ref~rs ta the~ .. 
decline in a machinels physical capacity to render capital services. ~It 

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

) 
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i~uction which leads·to wear aAd 

the toll over time of physical factors such as 

This definition is akin to the engineer's 

conceptto~ of depreciation and is equivalent to what Feldstein and 

Rothschild (1974) mean by the term output decay. It is in this sense that 

Jorgenson uses the term in aIl ~is work. For example: 

"At each point of time durable goods decline in efficiency, g~vJ.ng 
rise to needs for <replacement in order ta maintain produ'ctive 
capacity-. For .-any given durable good the priee of acquisition 
declines, reflecting the current decline in efficiency and the present 
v_alué of future declines iaft efficiency; the~ -decline in priee is 
depreciation of the durab.le (ad." (J orgenson 1974, pp. 189-1 90 ~ • 

The third sense in which depreciation is used is what we may calI 

economic depreciation. Economie- - depreciation is the 'decline in the value 

of a machine 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. Ho~ever, it also reflects the decline in val~e_as ~ 

result of increasing operating and maintenance costs. ~s the machine is 

used, its physical capacity ta produce may remain intact, but it may", 

require increasing amounts of maintenance and repair costs, consume an 

~ 
,t 

increasing qua ty of mate~ials including labour and therefore require an 

increasing ~pe~atin cost. This is what Feldstein and Rothschild (1974) 

calI input decay. Although input decay does not af,fect the physical 

efficiency of the machine, it affects i~s ecanamie effiC~y, bec~use its 

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

the reduction in the level of quasi-ren)s that it yields. If the demand 

priee of the machine on the resale market is·the present value of such 
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-----future quasi-rents this will result in a decline·in price. 

Economic depreciat~on will be affected by obsolescence which stems 

from two 'separate proce~ses: (1) technical change which affects the 

relative economic efficiency of new machines and (2) market change which 

affects the composition of output demand and the selling priee of the 

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

machines, where "better" implies they are more effi~ie2-~r~~ an 
, 1/ 

engineering standpoint or require fewe,r operating and maintenance expenses 

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

products, where "better" now implies they are more efficient in satisfying 

the needs of consumers. In either situation, change will lead ta the 

obsolescence of the firm's existing machines. They cast more to operate, 

produce less than newer alternatives, or the market is willing to paya 

smaller price for their use now that better products are on the market. In 

the sécond process of obsolescence, market change affects the selling price 

of the firm's output and thus the revenue productivity of its equipment. 
~, . 

Such change could involve changes in consumer tastes, changes in market 

structure o{-competitive conditions. Even though iihe physical productivity 

of a firm's equipment remains intact, the revenue from this equipment may 

fall. 

There i5 also a significant spatial aspect of change. What American 

multinationals like ReA, Zenith, Litton,- General Electric, Honeywell a~d 

Apple have been d~ing throughout the last two decades is replacing their 

aIder capacity' in the U.S.A. by 

South Korea. From the American 

newer capacity in Singapore, Taiwan and 
J)J 

economy's po~nt of view this amounts ta 

! ... ' .... 
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non-replacement. 

6. 1 Final Comment 

Two prevalent "mechanistic" views of the replacement process are 

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 the y provide different explanations of 
. 

replacement investment. In Einarsen's view, replacement investment 

expenditures exhibit a periodic cyclical pattern known as "echo effects". 

These echos or reinvestment cycles arisé because the average length of life 

of assets is a technologically-dete~mined constant. If for~any reason 

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

give rise to a perpetuaI stream of replacement cycles, where the average 

interval between any two successive 'cycles is equal to the technplogically. 

determined \average useful life of assets. Implicit in Einarsen's 

formulation is that,~ as sets exhibit the "one-hoss-shay" pattern of 

depreciation, that is, they yield the same levei' of capital services during 

their life w~en suddenly, at the end of their life such services drop to 
\ ~ :'!:..... \ 

zero. 

In Jorgenson's view, replacement investment expenditures can be 

approximated by a c9nstant 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 
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next. This pattern arises because the process ~f depreciation and/or 

'deterioration of fixed as sets is technologically given. ,Fixed assets are 

assumed to have a constant average life and to depreciate at a constant 

exponential rate like radioactive isotopes. 

Althaugh these two models give rise ta different conclusions, the y 

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, exogeno~s ta any other economic variables. Such 

models imply that the aVerage length of life and the rate of depreciation 

of'capital goods are constants and invariant to "economic variables such as 

interest rates, priees, demand for output~ capacity utilization, 'rate of 

technological' change, obsolescence, tastes, competitive conditions, 

liquidity, tax variables, expectations and business confidence • . 
We have shown that the available theoretical? empirical and 

i , 
, 

statistical evidence does œi suppor:,t theit 'fassumptions !!.Q!. their resul ts. 

'Results were discussed which cle~rly show that depreciation and replacement 

are economic variables and res ond, to chan es in the values of other 
; 

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

perspective. , 

c 

" , "' . ~ 
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1 • Ihtroduction 

In this chapter we \urn ta the examination of economic e~planations of 

replaèement and discuss pertinent, empirical findings. AlI the available 

evidence suggests that replAcement investment (far from being a 

mechanistically-determined constant) is, in fact, a variable, e~dogenous to 

the economic procéss and responsive to certain economic factors. The 

notion of replacement is examined from both the "narrow" and "dynamic" 

perspectives adopted in the literature and a reconciliation between the two 

approaches is suggested. 

2. Early Discussion 

Three distinct lines of development are apparent in early economic 

li terature. We can illustrate these-- by ~ooking again at Einarsen (1938) ,. 

before assessing some views of Bain (1939) and, finally the more formaI 

maximization criteria. Although~Einarsen (1~38) developed the rsinvestment 

cycle hypothesis ta its 1og1ca1 extreme, he also provides a comprehensive 
-

account of the possib1e~ raIe of economic variables in the replacement 

process. He was aware that (a) retirements did not necessarily lead ta 

replacements, (b) only a fraction of capital stock is replaced by firms 'and 

(c) the lengtb of life of as sets was nG~ constant for firms co~ld postpone 

or accelerate their repiacements within certain limits. As a. resul t of 

these _ntervening factors, succ~ssive reinvestment cycles will tend ta 

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

1 1,.:. 
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effects tend ta disappear. Thus Einarsen looked for factors which would 
.r 

offset the te~dency' toward dampening, and woulcr maintain the amplitude and 

consequently the longevity of the reinvestment cycles. His vision of 

dynamic behaviour was eclectic as the following quotations reveal: 

1. "'Secondary Reinvestment Cycles' ••• come into existence because 
the reinvestment during the business cycle will be concentrated during 
revival and prosperity. ,The secondary waves are clue to ••• the fac~ 
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 ta 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 a150 consider the 
possibility of mass psychology." 

2. "Postponement of the Reinvestment. The replacement of 
machines, which during a depression reach their normal replacement 
age, is ta a large extent neglected, as the machines are either kept 
in use longer than usually or they. go out of use without being 
replaced. • •• " -" The replacement age depends on whether i t is 
profitable any longer ta keep the machine in use owing ta the rising 
age expenses. There will then always be a physical possibility to 
keep machines in' work some time beyond their normal r~placement age. 

Economically this possibility for postponement is expressed in 
the fact that the replacement expenses are "postponable c06ts". In 
bad years firms will reduce the replacement budget. The postponing of 
the replacement may be motivated-by lack of capital; firms need aIl 
resources to cover their current expenses. But even if capital may be 
provided, it may happen that firms prefer ta postpone replacement 
because the market is glutted with goods, 50 that there is not full 
employment for the~machine. Besides, postponing of the replqcement 
may naturally be motivated by the general pessimism during a 
depression. One 1s inclined to view the future prospects of the 
branch sa pessimistically that one does not only omit ta start new 
enterprises, but even neglects the maintenance of the old machinery." 

-
3. "Shortening of the Reinvestinent Period,o Some capital 
instruments will be replaced before they normally should be ~ipe for 
replacement. A factor which is involved her~ is the technical and 
economic progresse Usually, new machinety will ôe larger and 
technically more perfect than the replaced one. It will have greater 
capacity and wcrk cheaper. When, therefore, during a revivai a whole 
series of -firms within a branch of industry is replacing their 
machinery by la:gèr and better machin~rms within the same 

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

As Akerman (1928) pointeu 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 busin~ss 
cycle will then dominate over the influence that previous cycles ~y 
have on the development of the reinvestment group." (p. 161) 

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

variance with Einarsert's initial model of pure reinve~tment 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 ~arameters but on endogenously 

determined economic variables. 

> Bain (1939), in the second line of development, also argues that the 

average l'ife of a capital- good is determined by economic factors weIl 

before technical necessity becomes pr~sent. He states that) , 
~~~ 

"the economic life of equipment is. analytically a varia~ ••• .lf 
little or nothing is spent in maintaining a maéhine, the period during 
which it will render service may be extremely short. If a-dufficient 
amount is spent on maintenance and repair, it can eonceivably be made 
to serve forever. The reason that equipment is replaced at some 
particular time cannot rationally be that it has ended its J'physical 
life", but that it is no langer as economical ta the firm as a 
i"eplacement would be. 1f (Bain, p. 80) 

His-simple theoretical model assumes that the fi.rm will engage in a 

replacement polie y consistent with the maximization 
-

of the , value of, the 

enterprise. He shows that the firm will continue using existing equipment 

0, 
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as long as, e~ ante, it is cheaper to operate equipment in use than to 

purchase and operate replacement equipment. His analysis serves to 

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

value of WhtCh is determined through cost and profit calculations. He also 

identifies;t~e type of variables necessa~y for this calculation and shows 

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 

replacenient has a large potential ran~e of values. Expected output, 

interest rates, the level of capital goods priees and the rate o~ 

technological obsolescence ar\!> identified as being crucial determinants of 

the timil'1g of replacement, wherèas the role pf inter est rates may be 

ma~ginal and overshadowed by obsolescence. While pro-cyclical fluctuations 

in the priee of capital goods are likely to lead to a countet-cyclical rate 

of rRplacements, other variables are not constant. In fact since the 

fluctuations in capital goods priees are minor comparef?_~o ~luctuations in 

expected output demand, the latter influence may overshadow the influence 

of capital-good priees. 8ain also argues that, in a world of imperfect 

foresight, the profit maximizing firm will be induced to postpone 

replacements until af{er the recovery begins. 

"\lJith the emergence of the recovery phase--i.e., after the turninQ 
point is passed--the shift in expectations of output ~nd tné reduction 
of risk factors, coupled with lagg~ng capital-qoOoS' priees and 
interest rates, may result in the abrupt termination of many eeonomic 
lives. This pattern emphasizes clearly the fact that the life of. 
equipment, a fun ct ion 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. 67) 
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In his treatment, Bain anticipates la~er views of Feldstein and 

• Rothschild (1974) by treating the useful life of fixed assets as 

economically-determined sa that replacement investment will be a phenomenon 

endogenously generated by the fluctuations in economic activity and is not 
~ 

of them. Here replacement investment is likely ~a be greatest 

the up-turn of the business cycle. Tugan-Baranowsky (1901), 

Spiethoff (1902), Aftalion (190B), Clark (1923) and Akerman (1928) argued 

along similar lines. They differ as ta their explanations of the channel 

through which replac~ment is determined, but share the same view that 

replacement investment will be related ta.the business cycle, rising during 

expansions and falling during recessions1• • 
" 

The third line of develapmênt was elaborated by Taylor (1923), ~ 

Hotelling (1925), Wicksell (1934) , Preinreich (1938, 1939,., 1940) and 
o 

Terborgh (1949). They appraach replacement independentlyof the business 

cycle but keep the view that replacement is an economic decision whose 

timing and valu~ depends on profit-maximizing economic cri~eria. 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, (b) the rate of technical progress and 
\ 

(c) the rate of change of capital goods prices. In particular, the rate of 

replacement investment is found ta be negatively related to interest rates, 

positively related to the rate of technical progress (obsolescenpe) ~nd , 
negatively related ta the rate of change of capital goods priees. Su ch 

1 See Einarsen (1938) for a complete account'of their views. -

o • 
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results suggest sorne 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 

2 replacement process • 

3.1 Replacement as an Endogenous Economie Process 

Since the early 1970s à number of studies have been conducted to 

explain the observed fluctuations in the level of replacement investment. 

As mentioned earlier, no direct data on replacement expenditures by"firms 

exist. Howevèr, there are aggregate data on anticipated and actual 

replacement outlays, which have been collected by McGraw-Hill in the U.S.A. 

continuously sin~e 1950, and in 

Industrial Expansion since 19773. 

Canada by the Oepartment of Regional 

Tables 3-1 and 1-2 show the proportion 
, 

of capital investment expenditu~es intended for "replacement and 

modernization" in the manufacturing sectors of the United States and 

Canada. In the U.S.A. during the period 1950-1987, replacement and 

modernization exp~nditures account for about 58% of total capital 

expenditures in the manufacturing sector. In Canada, during the period 

1977-1985, "upgrading and replacement" expenditures have accounted for 

36.1% of total spending as compared -ta 42.5% for ~xpansion. - " . These data 

also show a considerable variation in the se shares. Replacement and 
u 

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

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

o 
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TABLE 3-1 

REPLACEMENT & MOOERNIZATION SHARE OF MANUFACTURING BUSINESS 

CAPITAL I~VESTMENT: U.S.A., 1950-1985 
( 

\ 

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 NIA 1976 51 
1957 48 1977 52 
1958 56 1978 52 
1959 63 1979 52 
1960 69 '980 61 
1961 68 1981 B2 
1962 7" -' 1982 67 
1963 68 1983 61 
1964 64 1984 - 65 
1965 55 1985 73 
1966 52 1986* 74 
1967 53 1987* 78 
1968 50 
1969 50 

*Antieipated shares. 

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

McGraw-Hill Economics (1986), 39th Annual 
McGraw-Hill' Spring Survey of Busin~ss Plans for 
New Plants and Eguipment, 1986-88, McGraw-Hill, 
New York. ; 
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TABLE 3-2 

CAPITAL EXPENDITURE SHARES, BY PURPOSE, 

CANADA: 1977k1986 

(Percentage,s) 

Expan,si~n Share 

Replace,m~nt 
, 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 31.0 19.4 

1979 33.1 12.9 46.0 36.3 17.7 

1980 33.9 18.1 52.0 31.4 16.6 

1981- 36.3 14.1 50.4 33.5 16.1 . 
1982 '26.7 15.3 42.0 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 43.7 . 31.5 

.. 

* In~ludes spendinq on retooling, conversions, pollution abatement, 
working environment, among others. 

, 

53 

SOURCE: Department of Regional Industrial Expansion, Business Capital 
Investment Intentions Surveys, April 1977 to April 19B5. 
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modernization has flu~tuated between 47% ~nd 78% of total ma~ufacturing 

capital formation in the U.S.A., and between 27.4% and 46.2% in Canada, for 

the corresponding periode 

Feldstein and Rothschild (1974) and Nickell (1975) have furnished 

theoretical results while Feldstein and Foot (1971), Eisner (1972), Bitros 

and Kelejian (1974), Cowing and Smith (1977) and Lioukas (1980, 1982) have 

aIl furnished empirical results which seem, to show that replacement 

investment is variable and conditioned by a number of econom~c variables. 
, 

Some of these are (a) the level of liquidity within the firm, (b) the level 

of expansion investment activity und~take~ by the firm, (c) adjustment 

costs, (d) the level of capacity utilization of the' firm, (e) the level of 

gross investment activity, (f) the user cost of capital, (g) the level of 

maintenance and repair expenditures, (h) the level of interest rates, (i) 
\ 

the rate of obsolescence ,and (j) the leyel of anticipated capacity margin 

requirements. We shall examine analytically these results in the next 

three 5ub-sections • 

3( i). The Role of the Liguiditt Variable 

Consistent with Coen's (4971) findings, Feldstein and Foot (1971), 

Eisner (1-972) and Lioukas (1980) provide evidence to the effect that a 

higher level of cash-flow (i. e., net earnings plus deprec'iatir allowances) 

is associated with a higher levei of replacement outlays. Nickell (1974) 

provides supporting theoretical 'evidence. Fo~ example, Feldstein and Foot 
-. 

find that each one dollar increase in internaI funds is associated with a 

$0.25 to $0.39 increase in replacement spending while Eisner t using_ 
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cross-section analysis, finds that it is associated with a $0.15 increase • • 

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 variable 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 ëxpansion investment is positively associated with 
\ 

the level of replacement spen~ing. The former find a Positive~~tion 

ranging between +0.27 to +0.47 while the latter finds a correlation of 

+0.48. Ta the extent that this evidence 1s accepted ~ impli-es tha!!' many • 

of the variables responsible for expansion invest~t are also partly 

responsible for replacemeht. This provides support for the hypothesis that , 
4 

the two components of investment are not sufficient:ly different ta warrant 
10 

separate treatment in the literature. Yet oddly enough, Eisner (1972) was 

not able ta find any relation between replacement inve~tment and sales--a , 
crucial determinant of expansion investment in his models. This may be due 

• 
to the specification of his equation: for example expansion investment may 

,.t 

!.Ip aIl of the influence 'of the -sales variable ctr the adjustment lag \ 
, 

have not been properly specified • 
.(J) 

Fur~er ~hen positive sales 

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

certain about replacing and modernizing existing capacity ~ about adding . 



to existing capacity. 
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Other evidence by Bitros and Ke1ejian ,(1874) and Lioukas (1980) on 

capital investments is interesting. They find that the 1evel of gross 

investment is positive1y re1ated to the leve1 of retirements (scrappage). 

To the extent that, replacements are associated with retirements, the 1evei 

of gross investment will be associated with replacements. l t ,shou1d be 

mentioned here that tn the mode1 àf Bitros and ~eleji~n gross investmen. is 

a proxy for the rate of technical change and therefore obsolescence. Since 

technica1 change is e~bodied in capital goods they argue that the rate of 

gross investment will reflect the rate of techni~l change. This is a 

reasonab1e assumption a priori; howev~r, they fai1 to provide any evidence 

to support this assumption. ~ . 
A1though a simple> positive correlat1on between rep1a~;nt and 

expansion investment as weli as be'tween the former and gross investment has 
t 

been established, Feldstein and Foot (1971) and lioukas (1980) a1so provide 

empirica1 evidence of .. a negative partial correlation between th~ two 

components. Nicke1l (1975) provides sub~orting theoretica1 support. 

Fe1dstein and Foot find that, ceteris paribus, expansion and rep1ace~nt 

are substitutes to a certain degree, where each one dollar ch3nge in th~ 

level of 'expansion inv~ment is associated with a negative $0.33 change in 

'" the level of replacement. This' is an interesting resu1t which Eisner 

(1972) using separate dat~ and a different model was unable to confirm. 

Clear1y, Felcistein and Foot"s res~ts are sensitive to the data use-a. 

However, to the extent that such a relationship exists, it revea1s that 
1 

whi1e both expansion and replacement respond to many of the s~ variables, 
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and therefore may often move up and dawn together, there is still a partial 

negative correlation between the two. 

Two factors dominate e~planations of why this relationship may occur: 

the budget constraint and adjustment costs. First, firms ne ver possess' 
• 

sufficient li~Y ta undertake all of their investmeht projects at the 

same time. In the context of limited funds, the tirm must decide which 
~ 

projects should receive prl;6rity in their execution. Evidently, expansion 

projects are higher in their priority list because if the firm does not 

expand ln time ta meet new demand, it will lose market! share ta other 

firms. On the other hand, replacement is postponable. The firm can still 

use its existing capacity to meet current demand, albeit it at a higher 

cast, and postpone replacements until a later date when the necessity far 

expansion will have been mitigated. Moreover as Eisner and Strotz (1963), 

Gould (1968) and Treadway (1969) h~e shawn, adjustment costs are 

slgnificant in determining the time-path of investment spending. 

Undertaking replacement or involves the firm in 

considerable executive, administrativ resource and operational outlays. 

There are limitations ta 
p 

ope~at~onally undertake 

exces~~e dislocation. 

the 

uch 

that a firm can manage and 

ojects at the same time without 

that firms may want ta· 
\ 

smooth out over ti their investment activities. Since replacement and 

t modernization projects are of the postponable type it is sensible that the 

firm may give priority to expansion projects and stretch out its 

replacement and modernization activities. 

.-
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3(iii). The Role of Capacity Utilization 

... , 
The role of capacity utilization is less clear. Feldstein and Foot (1971) , 
report empirical finding5, supported by theoretical findings by Nickell 

(1975) that ~he level of capacity utilization and replacement investment 

are positively related. Feldstein and Foot find that each 10% point 

increase in capacity utilization is associated with a 1% increâse in the 

replacement to capital stock ratio. On the other hand, neither Èisner 
J 

(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 utilization is assumed to play by the 

different investigators. 
. 

Feldstein and Foot view capacity utilization in te'rms of its impact on 

the firm's production costs. As the level of capacity utilization rises~ 

the firm is induced ~o 'bring ,\~lder and less efficient machinery into 
1 

~-. operation which increases the production costs (marginal cast). As a 

result prè~sure is built up in the firm to replaLe the less efffcient 

machines by newer, more technically advanced land cost efficient equipment. 

Hence the rate of replacement investment tends ta rise during peri~ds of 
~ . 

high capacity utilization. On the other hand, when the firm operates at a 

lower capacity utilization, it does not use the le55 effj&ient machines and 
1 

feels no urgency ta replace them. Even though firms possess higher cast 

equipment, as long as they are not being used the firm may not bother to 

replace them. ~his is clearly, a reasonable proposition. 

Bi tros and Kele jian (1974) argue that the rate of replacement,?, 

investment, to the extent that it is re(ated to scrapp~ge, will be 
1( 

( 
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positi~ely related to the level of utilization of capital stock and 

negatively related ta the levei of maintenance expenditures. They cite 

Marx (1887) and Keynes (1936) as supporting the _view that the length of 

life of assets will depend on the ~ate- of utilization of equipment along 

with theoretical evidence ta that effect by Taubman aQd Wilkinson (1970). 

Similar empirical evidence has aI 50 been given by Marris (1964). This tao 

is a reasonable proposition for long-term development as is also the fa ct 

that better maintained equipm~nt will last longer a~d require less 

replacement. With higher utilization rates, a firm's plant will need more 

frequent replacement. On the other hand, fluctuations~ in short-term 

capacity utilization--which Feldst~in and Foot deal with--is a different 

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

capacity utilization rates will discourage firms from undertaking , 
-

replacements because replacements are accompanied with retirements and 

• retirement of machines is unaccaptable to the firm ~uring periods of high 

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

mo~ivated ta shift retire~ents and. replac~ments to periods of lower 

capacity utilization. Hence the y argue that capacity utilization will be 

bath positively ~nd negatively correlated with replacement and this is how -, -
~ 

they explain their lack of conclusive findings regarding the raIe of 

capacity wtilization. 

This e~planation can be criticized on a number of fronts. First, they 

should either purport ta explain the short-run relationship between 

utilization 

Since theïr 

and replacement or tthe long-run relationship---but not bath. 

model is a short-run odel, referenceJ t'1-,the ~o~i tive long-run 
i: ,r _ 

\ 

---, , 
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effect is out of place. Second, their model estimate~e relationship 

between retirem~nts and capacity uti+ization. The relationshi~ between 

retirements and replacements is an assumed one. To the extent that 

replacements and retirements are not contemporaneously cbrrelated, their 
.J 

findings h~ve nothin~ to say regarding, the connection between capacity and 

replacements. In other words, it i5 still possible during periods of high 

capacity utilization' for firms to engage in replacement investment without 

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

termfnology firms will engage in reinvestment without replacement. To the 

extent that this is sa, one can reconcile the view that replacements and 

high capacity utilization are positively correlated while retirements and 

capacity utilization are negatively correlated. Another factor which 

obscures the role of capacity uti~ization is that it is inter-correlated 

with output demand and liquid~ty. Decomposing the various effects and 

attributing causal roles is very difficult in this contexte 

'1 

4. Further Disçussion of Replacement Models 

\ 
Th~~ section takes a retrqspective look at the various hypotheses 

which have been proposed to explain replacement investment. The ,objective 

is to examine the various models "from a distance" sa to spe'ak, in arder to 

iQentify important areas wher~ deficiencies or omissions have'occurred. In 

this context, a number of significant observations may be made. 

) 

l ' "l , . 
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4(i}. The Definition of the Dependent Variable 

As has been mentioned _ above, there is no direct set of data'on 

replace~ent investment. Nor is· there any complete description of the 

replacement' process to be found in publ~hed material. We have an 

incomplete conception of what we are i~vestigafing and few observations to 
1 

clar if y what this conception entails. Replacement investment is often 

conceived in the sense of "like-for-like" replacement whi~ maintains 

intact' the productive capacity of a firm or the aggregate economy. Most 

investigators are aware that in the real world, such "like-f~r-like" 

leplacement is rare and that newer capital goods are gEnerally "superior" 

ta the ones being replaced due ta technical progresse 5ince modelling 

technological· change and its conGomitant obsolescencé is difficult, 

investigators have fallen back on the more restricted but simpler "liké-for 

llke" deflnitlon. In over one hundred annual reports o~ Canadian and U.5. 
v " 

corporations that we 

Rather the relevant 

examined, the term "replacement" is rarely used! 

terms used by business' are "Up~g'" "~odern-
" ·h· 

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

The view of replacement implied in the professional literature in 

contrast ta its busines~analogue has five element3. These are: (a) aIl of 

the capital stock requires replacement sooner or later, (b) replacement is 

always accompanied by retirements, (c) replacement occurs purely to 

maintain n injact the productive' ~apacity of capit~l stock, (d) replacement , 
o / 

and expansion activities are entirely independent of each other and thus 

require independent decisions by the firm, {e} replacement is more or less 

a routine function, a mat ter of technical necessi.t y • 

(J 
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When this view is juxtaposed to the evidence observed in practice, one 

is led ta question it in a number of areas. First of aIl, firms do not 

replace all of their capital goods as Einarsen (1938) observed. In fact, 

there are a number of obvious reasons why a firm will not be compelled ta 

replace old assets- by new anes. For example, a firm might decide to 

r~invest its funds in a new line of business or might decide ta pull out of 

production of a given product line altogether. Furthermore, a firm may 

decide -to alter the structure of production and opt ta transfer existing 

facilities, or build new facilities overseas. Technalo~ical change,and 

market competition continuously force firms ta make adjustments ta their - , -

structure of production out of a need ta 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 necessary to transfer production ta -_ ..... - --
countries with lower production costs, such as Singapore, Taiwan, South 

Korea, Thailand, Mexico, Ireland and Spain, whiie other U.S. firms, notably 

in the steel industry have found it necessary ta permanently scrap much of 

their production cap<,::ity. Clearly, there is nathing ta ensure that firms 

will,always replace existing capacity'and in fact they fregueQtly do note , 
Ta assume othe,rwise results is a misleading view ·of reality. 

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

Nat anly Einarsen (1938) but also Lioukas (1980~ 1982) and Bitras and 

Kelejian (1974) found evidenc~ ta this effect in the British and U.S.A. 

electric ~tility industriea. Decisions to "replace" aIder capacity were 

not'tied ta the simultaneaus retirement of the aIder capacity. Among the 

reasons 'they cite is uncertainty regarding future growth of demand and the 
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need ta maintain sufficient capacity margins to suppl y peak~load demande 

Additional evidence is provided by Terborgh (1949) who suggests that rather 

than scrap the 'older capacity firms can still use older capacity, by 
• 

relegating i t ta a stand-by function or re~assigning it different 

functions. In January 1988, Hydro Ont.ario confirmed its wisdom in 

"mothballing" and un-mothba1iing a non-nuclear power station in Kingston. 

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

economic decision in line with intertemporal objectives of the pU9lic 

utilities, in the province. 

Third, replacement is rarely of the "like-for-like" variety. The 

newer equipment tend to be more productive, 50 replacement expenditures not 

anly maintain tbe firm's productive capacity ~tact but add to~it. In this 

case' replacem!3nt reduces the extent ta which the firm needs to undertake 

séparate expansion. 
\ 

Finally, if the distinction between expansion and replacement is ta 
! 

have any operational significance, it mu~t differentiate between two 

separate behavioural functions wi th different d·t· ... con l lonlng variables, 

_ perhaps by painting ~ ex-ante intentions. Otherwise there is ~o meaning 

"in the distinction and both expansion and xeplaeement should be seen as 

common Ingredients in one behavioural process of gross investment. We face 
L. 

important empirical questions. To wbat extent are expansion and 

replacement separate processes? 00 firms view replacement and expansion'as 

two distinct areas of activity requiring separate decision functions? 

The~e is ' a different perspective that de serves more attention. Suppose 
" .!--. 
that the .relevant decisian variables are gross investment and retirements 

f 
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\. \. . 
. 

rather than expansion investment and replacement. Clearly, gross 

investment brings about an expansion in capacity while retirements bring 

about a diminution in capacity. ··t~;;e is sorne evidence . ta suggest that 

investment and retirement are not jointly determined in the same decision 

process. For exemple, Lioukas (1980), based on findings from the U.K. 

electric utility industry suggests: 

"Plant decommissioning programmes in the CEG8 are constructerl from' 
bottom-up proposa1s submitted by its five regions. The decenttalized 
nature of the process reflects the fact that knowledge of plant 
behavior and of lacal constraints is dispersed. On the other h?nd, 
new plant investment decisions are reached through a basically 
centralized process, at Cor~orate 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. , 

Clearly, we know very little about what replacement entails~ how 

replacement decisions are made and why thev are made. Few attempts with 

rare except~ons such as that of Smith (1961), have been made ta integrate 

replacement theory with production theory. Also few attempts have been 

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 madË ta 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 
,. 
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r-

respond tp such changes as un-anticipated changes in interest rates, 
.. ~ ) ,.. 

liquidity, prices of capital goods, and the user cost of capital variable. 

Exp~ctations of 1:he future paths of such economic variables may matter. In 
j 

• > 

addition, one must also take into account expectations of technological 
~ 

change. Fitms may d~fer replacements until such tïme as they extJect that 

the best possible equipment have been put on the market and no further 

major improvements are ta be made wi thin a definite horizon. .. ' 
Al t,ernati vely, the syccess of,' more technologically advanced f irms may 

prompt other firms to respand defensively by accelerating their replacemént 

programs ~n their desire ta remain competitive. 
, 

Another aspeét concerns uncertainty. Since future demand for output 

is never certain, a firm max desire flexibility in the - planning of i ts 

capacity,r~uirements. This casa has been clear l y stated by Hart (1 940, 

pp. 110-18). Emplrical evidence to this effect has also been supplied by 

Lioukas (1980, 1982) • He shows that the 8ritish electrical utility 

industry takes into âccount future expected demand in i ts decommissioni~g 

programs and ensures. that it ,maintain? a comfortable margin of capactty in 

case of un-anticipated increases in the dem,and for electrici t y. l t is onl y 

reasonable to expect that the same may apply to firms in other industries. 

The penalty of not meeting unforseen demand for a firm' s output may be an 

irrèversible çlrof) 4. in i ts market share as consumers abject ta unfilled 
4 

orders and redirect their activities. Here, cine may view retir'êments as a 

variable ta adjust for 
. . 
errors: ln sales expectçtions. One way for 

o 

-correcting enors in sales expectations is by maintaining a margin of 

. excess, capacity, and this can be achieved by mahipulating the timing of 
"'" 

\ 

( 
o 

. 1 

1 

.., 1 
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retirements. Clearly, thé firm may accelerate retirements if" it has 

over-built capaclty or delay retirements i~ .it did not build sufficient 

capacity. Since the cast of old capaci ty is a faregone c05t~ the primary i 

economic consideration is t~e carrying co st which, in most cases, is Iikely 

. to be Iow. 

Bain (1939) emphasized the role of cyclical shifts in the expectations 
• 1 

of firms and concluded that replacement investment is likely ta be affected 

• by shifts from moods of pessimism ta moods of optimism. Thus replacement 

would vary procyclically which seems to be consisten~ with the findings of 

Feldstein and Foot (1971) and Eisner (1972), who found a P9sitive 

correlation between expansion and replacement. Dean (1951, pp. 146-60) 

discusses the relative advantages and disadvantages of investing in 

replac~me~~ during cyclical down-turn~. Other things being equal, the cost 

of capital goods is lower' while time-lags in the production and 

installation of capital goods are shorter during down-turns. He finds, 

hawever, that on balance, the disadvantages such as the cast of carrying 
. ~ 

the new capacity until the next up-turn, uncertainty and the pressure on 

liquidity'outweigh the advantages and concludes that fi~ms are likely to 
.. 

, pastpone replacements until at least the earliest part of the up-turn. One 
" 

must keep in mind that replacement decisions may involve consider-ably less~L"" 

uncertainty than expansion' decisions. This should render the former 

decisions less susceptible to swings in the level of confidence and is 

consistent with the empirica'1 findings of Eisner (1972) that replacement 
, 

investment is less volatile than expansion investment. \ 

,- \ , 

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

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

aggregation ta which theori~s are supposed to apply or to specify thS time 

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

wark of Jorgenson and his associates. Feldstein and Foot (1~72) treat 

,Jorgenson's formulation as possibly applying in the long-run, but with the 

importa"nt short-run effects significantly determined by ecanomic variables. 

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

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

factors (the ~level of maintenance expenditures). An y reasonabfé 

formulation of replacement pIocesses ~should maké a clear distinction 

between short-run fa~toIs and long-run factors and the specification of 

~heir eguations should reflect this. 

The level of aggregation is equally important. When models are at the 

level of the plant, firm, industry or the economy, this chafacter should by 

analytically in~orporated in the experimental desig~, ~acement at the 

plant level tqkes a different-form From that at th~rm level. .A firm 

may mothball (scrap) one plant while ~odernizing another. Replé:lcement 

need not occur equally in aIl of the firm's plants. Replacement may occur 

in one set of firms within an industry but not in others. Firms, rather 

than replacing or modernizing their own plants, might purchase used plants 
',. ","-" 

from their'~c~m~etitors through either mergers ar corporate acquisitions. 

to-the e~t~nt that an industry is declining, one might observe a process of 
-~ 

restructu~ing and ratianalization whereby the'surviving firms use their 
... 

competitors' newer capacity and sc~ap--rather than modernizing~-thei~,own 
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~older capacity. Finally, 'at the level of the national economy, there will 

occur both expanding and contracting industries. Ta the extent that the 

expanding industries bring new products ta the market (e.g., computers, 

electronics, robots, VeRs) while the declining industries (e.g., textiles~ 

shoe?, clothi~g, machine tools) leave the market to foreign producers, 

replacements are bound ta diminish. Correct specifications of replacement 

models \ therefore should take the differe~ levels of aggregation into . , 

account. Moreover, separate studies should be conducted for each level of 
:;:; * 

aggregation. 

None of the studies that we have cited have taken account of the 

morphological characteristics of different industries. The degree of 

corporate concentration diffefs among industries and different industries 

employ Jdifferent production p~ocesses. 

product on processes distinguishes among 

A typical categorization of 

(a) rigid-mas$ production (line 

production); (b) • flexible-mass '. production (batch production); (c) 

continuous-process production (flow production) and (d) unique-product 
-production. Surely, different production processes may entail different , 

ne~ds and requirement~ which modify replacement processes. In the June 

1983 Survey of Capi t~ Investment Inten,tions of 'the Canadian Oepartment ·of . 

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

. manufacturing investment was intended for up-grading' and replacement, the 

comparable figure for manufactur~ng was 40%. :. Clearly, there a're inter-

industry differences that need ta be taken into account • 

, -

,1 

- l 
/ 
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4(iv). Capital-Output Specificity 

Most capital goods a~e designed to perform 

1 
; 

\ 
\ 

specific 
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An 

ensemble of machinery and equipment is designed and assembled in order, ,j;.Q 
~.: < 

produce given products with pre-set specifications. In many cases, it is 
, 

the nature and specifications of the output wnich determine the nature and" 
• - 1 

speci fications of the· capital goods used ta produce that output. A glaring 

example of this is the automobile industry. The predominant~ajOrity of 

capital expenditures in this industry are devoted 'l(oward "retooling", which 

is re-f~tting production lines with the type of machines and equipment 

necepsary ta turn out an output of iven design. The level~ and timing of 

these expenditures are a functi design. Obviously, the rate of 

these capital assets. ~ model change has an impact on t~e tength of Ilfe· of 

Clearly, we cannat talk about 'replacement in the automobile industry 

without explicit tecàgn'ition dnd incorporation 
l \. 

t 
of the roLe of new models of 

.' 

cars. In ~other words we have to take into accpun~ capital-output 

specificity. 

An èxamination of certain world production and trade flows over the 

past f~w de cades serves ta demonstrate the potential significance of su ch 

specificity. In the early 19505, the U.S.A. produced the vast majority of 

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

steel and basic electronic products like radios and rVs. By the late 1960s 
, ~'"'l ... 

""" and ear~y 1970s, much of the pBEduction _of these goods shifted to countries 

in Europe and Japan as ill~strated in Table 3-3. Today, production of mu ch 

-of textiles, clothing, consumer products, basic steel and shiR-~ui!ding i~ 

shifting out of Europe and Japan ta newly inâustrializï[lg countries (NICs) 
!; 
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su ch as South Korea, Taiwan, Singapore and Spain. As these countries are 

expanding their production of these lines of products, the U.S.A. and Japan 
'" 

are now shifting to a diffe~ent output mix composed of such advanced 

products as specialty steel, precision castings, robotics, special 

chemiçals, process control devices, luxury automobiles, integrated 

circuits, aeto-space engines and components, lasers, fiber-opti,cs, 

• telecommunications equipment, as described for example by Reich (1983). 

While the "smoke-stack" industries are still here, their share of gross 

output is giving place -ta the newer products. As the production of the 

newer products requires new expans~on inve1tments and~ittle replacement 

i
l • 4' 

and up-grading investments, the aggregate at~o fof ~eplacements ta gross 

investment is bound to decline. This i,plies that as a result of the 

"organic" change in the "output mixn of the economy which is taking place, 

the ratio of aggregate replacement ta gross capital stock is bound ta fpll, 

and the ratio of replacement ta capital stock is likel . ta be much higher 

in established (smoke-s~ack) industries than it is' in new expanding 
\ 

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

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

~ relevant explanatory variables' outside owr realm of understanding_ 

, 

\ 
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TABLE 3-3 

IMPORT SHARES OF UNITED STATES MARKET*_ 

(Percentages) 
~ 1/ 

"" 
1970 1979 ~B, 19B4 1985 

- , . , 
" 

Steel" (1) (2") 13.B 15:0 18.9 26.0 28.2 
} Telephone Equipment (1 )'(2) 7.0 '11 .7 21.0 40.0 
~s & Radios (1) 43.0 60.0 
TVs & Video Cameras (2) 61.6 72.0 
Shoes (1) 51.0 51.0 71.0 77.0 
Apparel (2) 25.6 36.8 
Wearing Appafrel (1) 12.0 21.0 
Costume Jewe1ry (1) 16.0 29.0 -

Luggage (1) - - '-25 .0 44.d 
Fans & Blowers (1) - 10:0 311.0 
St~ffed 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 To01s (2) 21.8 37~0 
Cutting Machines (1 r 22.0 39.0 
Car Stereos (2) 22.7 45.0 -
Semiconductor~ (2) 41 .7 42.2 
Micro-Wave Ovens (1) 28.0 " -48.0 ... 
Farm Machinery 8.0 ~ r 19.0 
Construction Equipment 2.6, ' 9.2 . i 

1 

, ! 

... 
* Itnports as a' percéntage of' apparerJt U.S. consumption, based on U.S. 
, Department of Commerce data. ~ 

SOURCES: (1) Time, October 7, 1985. 
(2) NëWSweek, September 9, 1985. 
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5. DYhamic Views of the Replacement Process 

5(i). 

George Terborgh (1945, 1949, 1954) has condueted extensive studies on 

the subject of replacement, depreçiation and ~é-equipment for the Maehinery 
~ 

and\A~lied i~oduets Institute of America. For many years, he has been the 

recogn~zed authority on the subject in America. Terborgh accomplished an 

integration of the theoretical and 'practical asp~cts of the problem· in a 
c-, 

way unequaled by other investigators. For Terbor.gh (1949), replacement 

. t t' G h . t' t d d' th h b lnves men 15 a mue more ln rlca e an ynamle process an as een 

perceived by the mainstream segmen~ of the professional literature. His 
, 

critique of standard.views of replaceme~t and his more dynamic approach on 

the issue can best be appreciated by quotin~ him direetly, extensive as the 

quoted.passag~s may be: 
'" ' 

.) 

"There is p widespread tendeney to think ofrepla~ement as th~ filling 
r • o'f a vacI,iLifri"Ié'ft by the physical tollapse or deterioration of existilllg 
. c?pitel 'goods, and "hence to undf,remphasize the dynamic effect of 
. external technologieal and eeenom~ changes. Physical deterioration 

is still an impor~ant factor in limlting service life--varying widely 
in significance from case 0 case--but in the modern world external 
change must be given even"gr ater weight. With the ~ heightened tempo 

~ of scientifie and technica progress, capital goods are increasingly 
.... 'pushed out of ·service; ~laceçj, ... rather than merely gplaced after 

they expire From physical decay." ('-194-9, pp. 2 -3) . 
, 

"Capital formation i? not a polite game in which replacements meekly 
and decorously await like dutiful heirs, the nat~ral death of 
existing assets. I~is a ruthless and cut-throat struggle in which 
new capital goods rob the function of the old. It is 'murdar by 
degrees. We may add .•. that this di5place~nt of function is 

,frequently due to the competition of new goods ~uite diffarent in 
character From the -old. The function of the herse and buggy was 
apprepriated . by the automobile, which dispossessed likewise the 

1 
1 

1 
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.. 
electric interurban ~ailway. The -airplane displaces the ocean Ilner. 
Facilities fo~ manufacturing nylon supersede the silkworm. Not only 
do the new capital goods differ from those displaced; it'is obvious 
that they have different owners. Ah investment by one company may~n, 
effec;.t replace the facilitie~ of a competitor by redl!cing or' 
eliminating their function.~ (1945, p. 107) • 

• 
l"Once we grasp the dynamic eharacter of ;this process of mechanical 
disp1acemeht and transformation, the term "replacempnt" se!3ms 
inadeq~ate. It is too weak, too passive, tao suggestive o( the notion 
••• that new facilities merely fil1 a preexisting vacuum left by the 
demise of r1r pred~essors. For this reason we have considered the 
possibilit of avo di~g the word entirely, employing instead such 
expressions as I1di placemen-t", "reequipment l1 or I1remechanization". 
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~ost reequipment decisions turr in part _on 
the physical deterioration o~ the incumbent asset, as well as on its 
obsolescence. We have decided, therefore, °to continue ta speak of 
replacement, with notice to the reader that we use the ward as a 
synonym ~for mechanization in general, henee with no implication of 
replacement in kind. It applies equally whether the new facility is 
radically diffefent from the incumbent or an exact replica thereof. 
It applies whet~er or not the fun.ction it performs is precisely the 
same ." (1 949, p. 3). ( 

The dynamic a~d "Darwinian" process in whfh -the produ~tion_ functions 

of the existing stock of machinery and:équipment are graduêlly dislodged by 

the newer and hence "superior" generations of capital.equipment was termed 

"functional\degradationl1 ' by Terborgh. 
~ , 

To use his own words, functional 
\ 

degradation l1is 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 valua9le types of service 

until there remains at last nO~~,ingt it can do to justify further existence" ( 

'~9, p. 16). The following passages from Terbo~gh describe -the process 

" ' 

, 

in more -detail: 

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

.. 
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it suddenly collapsed, catastrophically, in a pile of junk. 
Ass~ming--since the narra~ive is siient on the '~oint--that the 
quantity as well as the quality of its services was unimpaired to the 
end, it ls clear that the shay was not replaced functianally until 

(fafter its collapse. rts demise left a functional vacuum which the 
. successor vehicle filled. 1 , ' 

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 ra~lràading, made the unit obsolete 
for that service, which was taken over by more modern power. It was 
thereupon rel~gated ta branch-line dut y where the trains were.shorter, 
the speeds Iower, and the annual mileage greatly reduced. For sorne 
years it served in that capacity, but better power was continually 

'being displaced from main-line dut y and 'kicked downstairs' onto the 
branch lines, and eventually our locomotive was forced out at the 
bottom, to become a sl1li tcher in one of the tanktown yards along the 
line. But the march of prQgress was relentless, and in the end, 
thanks to the combination of obsolescence and physical' deterioration, 
it wound up on the inactive liste For.some years more it lay around, 
idle most of the time, "but pressed into service during seasonal 
traffic peaks and special emergencies. FinallYloat long last, the 
bell tolled and i t passed off· the scene ta the scrap heap.,· 

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

Now most capital goods fall somewhere between these two extremes. 
They suffer a partial displacement of function during their life, with 
the remainder displaced at retirement. Typically they undergo during 
their active careers an irregular down grading of" function that 
reflects this partlal displacement. New houses are built for the most 
part in ,new neighbourhoods and for occupancy by people of 
above-average incarne, but as .they age, stylistic and technical 
obsolescence-~nd nelghbourhood deterioration commonly shake them down 
i~to lower and lower classes of occupancy. Automobiles ordinarily 

~ pass through two or more hands on their way ta the scrap heap, not 
anly rendering a.progressively deteriorating quality of service but 
running fewer and fewer miles per year. Production equipment is 
frequently resold in used condition, occasionally several times, going 
~enerally into lower grade uses requiring le~~p:eciSion and 
reliability an~ less can~inuaus service. Even when ~held ,until 
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final retirement by the first buyer, it tends ta 
increasing age inta law-precision operations and 

~ service, winding up frequently in a merely protective, 
capacity. 
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gravitate with 
discontinuous 
or stand-by, 

The debasement of function over the li fe of a, capital good may be 
~ ~itl1er quantitative or qualitative. That is to say, ther:e may be a 

. ~rea5e in the amount of service rendered as the unit ages or a 
deterioration in the quality 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 ~d other 
structures qualitative degeneration is predominant." (1949, pp. 17-
18) • 

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

i5 the notion that replacement is nat only a consequence of physical wear 

aQd tèar and obsolescence, but also a consequence of the development of new 

prdducts and competitive interactions among firms. As new products appear 
Il 

on the marRet and supersede (take-over, displace or replacè') the older 

products 50 does the new capacity installe~ to produce the new products 

supersede (take-over, displace or replace) the existing câpaci t y 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 capaci t y wi thin the sa me firm. ,In this case "replacement" will take 
,,' .. 

the form of re-~nvestment with graduaI retirement-of the older capacity. 

Ta the extent, however, that the newer products are introduced by diffe~ent 

, firms from those producing the older products, "replacement" will take the 

farm of "expansion investmer\}" by the challenger firms with gtadual ./ 
1 p ~ 

retirement of the olde~ capacity by the existing laggard firms. The latter 

possibility i5 far more probable than the former because firms are rarely 

prepared' ta risk the sudden obsolescence of their own existing.capacity. -
Hence, most often, it is newly emerging firms or "challenger}' firms that • 

) 

• 
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take the first step. The existing firms either respond to the challenge by 

undertakin!J defensive reinvestments in the new capacity or ignore tl'lê' 
, 

challenge, in which case they risk their> eventual extinction from the' 
, 

marketplace. Replacement then is likely to be just as much a consequence 
. , 

of competitive interaction among firms, propelled by product developmeït 

(furth~r differentiation of existing products and introduction of brand new 

products) as a consequence of simple wear and tear. 
, 

Th~ second major point i5 the view that replacement and retirement are 
i . 

not mutuàlly inclusive processes whereby the former necessitates the 

latter.. Rather, in the short-run, new capaci t y r is added alongside the 

oider capacity with ~oth being kept ~n existence by the firm. It~will be 
, , 

. after ,·a considerable ~ap5e of time that the displaced older capacity ,!LIil! 
• .-;P 

be completely retired. Thus replacement and retirement are independent 
1 

J" 

processes in the short-run, but in the long-run, retirement i5 the 

cOl')sequence of replacement or reinve5tment in earUer periods. Thé 
, 

displaced equipment, although stripped From their principal functions, 

nonethel~ss are maintained in action by the same firm or, through transfer, 
• iII 

by other f\rms in s.ecogd·, . third or foùrth-line duty\ or as standby, peak-

load or emergency capac~ty. 
1 

Terborgh (1949, p. 23) adopts a ~roader defiRition of replacement, as 

"the di5plac,?ment of' capital gOOd5 from their function Dr service". 
" 

Rega~ding the prevailing views, he states: 
t 
-::J 

Il.According to one common view, each capital good is replaced but once, 
at the time of its final abandonment or 5crappage. By another view it 
i5 replaced w~enever it i5 retired from ownership, regardless of 
whether it is scrapped or put in ta use by the purchaser. In our 
opinion both views fail to get to the heart of the matter._ The final 
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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 ~onsequence. As for identifying replacement with 
transfers of ownership, this is equally unsatisfactory. Whether 
functionally" dîsplaced assets find an alternative service in the same 
organization or are transferred in the second hand market to sorne 
other user is irrelevant. 80th of these popular concepts turn on what 
happens ta an asset after replacement but fail ta defineNFeplacement 
itself ••• In our viewa capital good is replaced as orten as-its 
current job or work assignment is taken over by a successor. If, like 
the 'wonderful one-hoss shay', the asset' defends itse~f against 
functional disolacement ta the very end of its career--and there are 
sorne types of capital goods, like raitroad crossties, for example, of 
whieh this is characteristic--replacement oeeurs only once. If, on 
the other hand, the as set undergoes in service a course of functional 
degradation, it may be replaced any numbek of times, depending on how 

. we define separate jobs or work assignments." (1945, pp ~ 23:..24) 

Terborgh argues, as we have seen in the above passages, that an 
'" 

important channel through which replacement takes place is that of 
. 

competition. among firms., whereby the facilities in one firm may have their 

function appropriated, or displaced, through the competition by facilities' 

of another firme This process is quite important in itself and will be . 
developed in 'Chapter 5. 

5(ii). Joel Dean: Classification of Investments 
and Strategie Factors 

Dean (1951 ) examines thev nature of investment decisions from a 

fwnetional point of view. He finds that investments aré undertaken for a 

variety of purposes such as cost reduction, expansion in production of 

existing product, intrdduction of ~ product, quality imprLvement, 
.-

production fl~xibility' or, risk reduction. The source of profitab~lity 

enhancement is different in each case. 
/ 

Furthermore, ~e benefits that 

arise from investments .are not a~ways quantifiable nor are they always , / 
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segregatable ta any particular product segment or division of the firme As 
" 

a result, the same dec~~ion rules cannot be appli~d indiscriminately ,to,all 
/ 

types of investments. 5inc~ capital investments possess too many facets to, 
1 

be adequately described, by anyone of t~em, Dean 11951) has proposed the 
c / 

following useful four-fold classification of investménts: (a) replacement 

investments, (b) expansion investments, (c) product investments and (d) 

strategie investments. 
1 

Replacement investment is expenditur~ on new equipment that will 

perform, the same task as the old' equipment. ~ In replacellJ3n~ decisions, t~e ' 

source of profitability enhancement is almost -entirely reduction in costs 
. \ ~ 

of production. He draws a distinction betwecn like-for-like replacements 
'~ " 

and ObsOl~scence replacement~. The latter type of replarement 1iffers from 

the first only in that the new equipment's cost superioritJ stems from 

technicel change whereas for the former it stems From sheer agin~and wear 

and tear. Had the innovation not occurred,' like-for-like replacement would 
tI 

not have shawn an ~ncrease in profitability. In replacement investments, 

the underlying assumption 2~vthat. the f-irm is committed to the continuance ), 
" 

of "the same line oi activitY. Dean, however, argues that'other variables 
/ 

being equal, r~acement in~e~tmen~s are and shouldobe forced ta compete 

. for funds with alternative investment opportuhities on the basis of their 

prospective rate of retuLn. 
, " 

Maximization 
...-

of the value the nrm not only involves . t~e , . 
application of the capital budget'ng~ it\ri~n to new· assets but a1so to 

the entire base of existing' asse s, 4 which brings into consideration the 
- • ? 

reiated issue of d!-spOsal of assets. There ·are two ways of augmenting tha 

o ' 

1 • 

'1 ___ ...... ______________ -'._~~_ l, \ , 

, . 
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profitability of a firm: (a) by directing new funds ta projec~s which 

promise the highe~t yield and (b) by the systematic disposaI of existing 

assets which .no longer yield suf~iciJht returns and the redeployment of 

attendant funds to ass~ts of higher prosp~ctive profitability. 
r 

/ In line with T~qrgh, Dean (1951) malntains that the decision to 

" 

replace an asset does not stipulate disposal of the displaced asset. The 
} 

replaced equipment may be rétained in progressively degraded service. Dean p 

states that in practice, the volume of disposals is likely to be much 

~ePlacements 
Ir smaller than the volume because assets already owned are 

generally more valuaole in terms of earning power" ta the firm ..than 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 condit~n and performance of its equipment than others 
. 

and (c) tnere are transfer costs of selling i~ imperfect markets. In 

addition, mana~eme~t is reluctant ta recognize and realize capital losses_ 
'? 

through the disposal of less productive as sets preferring rather ta spread 

the 1055 arising from a 'bad' ~nvestment on an asset over future periàd~ 

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

tendency for assets ta b~ kept in the firm until such time as agin~ 

technical change or changes in demand destroy their economic value far 

anything but scrap. 

Expansion investment is expenditure on n~ assets which will augment 

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

source of profitability enhancement is not reduction in costs, but 

expansion in the volume of activity. Whereas the decision in replacement 

: 
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• 'l. , l't lnvestments is based on a comparison of alternative ways of doing a Job, 

is based on whether or not to do the job in expansion investments. 

Estimating the èost of doing a job by different means or estimating the 
1 

cost of building à larger (or smaller) facility is more reliablé than the 

èxpansion. The estimation 

-\ 
sales and pro~ts w~ch are to 

of sales is subjec{ to higner risk since it is 

arise from the estimation of the additionêl 

, 
affected by the response of competitors and future economic trends. 

Consequently, expansion investment entails a higher risk than replacement • .. 
. Expansion investments seldom occur in a pure form. Addi tio'ns to ~ 

capacity~enerally embbdy more advanced technology which lowers cost~ of 

production and may improve product quality. For example, a new 

lithographic printing press may not only add to capacity but may also 

improve the quality of existing 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 

secondary. 9r stand~by status and thereby increasing 

higher-cost capacity to 
'{' 

capacity margins. 

Product investments are expenditures on new products and improvement 

of old products. They combine features of both replacement and expansion 

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

advantage of economies of scope, that is to eliminate excess éapacity 
t 

somewhere in the organization and make better use of production facilities 

or to·complete the product line. Forecasti~q of both revenues and costs is 

more difficult here th an in both replacement and 'expansion investment. 
• ! , 

Forecasting sales of a new product entaiis more risk than forecasting sales 

of an existing product. Moreover, forecasting costs can be more difficult 

b 
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becau$e often new products make i~roads into the markets of the existing 

products of the firm either intentionally or inadvertently. Vet there 

always remains a question as of whether or not old produet~ ~ould indeed 

have not been displaced by new'products of competitors. 

Another aspect of product investments is that they are steeped ~n 

strategie benefits bfor other parts of the product line, intangible and 

indivisible benefits that are often as important as the measurable profit 

estima~es in the deeision to invest. Dean (1951) distinguishes between two 

types of product investments; rff3me 1 y, mature produet investments 

(improvem~nts of existing produets) and new product investments (additions 

to the product line) . 
.J 

Investments for improving the quality of existing products may take 
... 

the form of research and development_ engineering design, retosling of 

equipment, promotional activity or even better quality 

competitive interactions with rival firms is irw'ortan't. 

control. Here, 

Dean distinguishes 

between "defensive improvements"-~those required ta bring the product in 
-, 

" 
line ta the standards of the cGJmpetitor--and "agQressive improvements" 

--those ~ich raise standards above those of the competition. The dividing 

line in practice is usually difficult to delineate beeause competing 

products are better in some respects aQd worse in others. However the 

distinction is useful. 

The risks assoeiated with 
( 

new product investments are ev en greate~ 

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

forecasting the sales as weIl as costs of new products. Here, strategie 

,considerations tend to dominate. Ne~roduct investments' may" serve several 
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kinds of strategic ends besides adding to profit. They may be defensive as . . 
Il 

in the addition of products ta meet full-line competition or aggressive, as 
" 

in staking out a claim in new areas sueh as video-cassette recorders or 
" 

\ laser beam turn-tables. 

\ ~, Strategie investments are expenditures ~ich have indirect bènefits to 

other parts of the firm. Even if they show no promise of profitability in 
"-

themselves, they shore up the rate of return in other products ~ markets 

or contribute to the general strength of the firm. Since the benefits 

exhibit strong externa1ity effects across the activities of tMe entire firm 

and in effect are akin to "pubMc goods", i t is impractical ta apply 

st~ndard capital budgeting criteria in their decision. In addition, the 

competitive orientation is important.~nvestments are either 

aggressive qr defensive, depending on whether' they lead to competitive 

reactions or are themselves reactions ta eompetitors' moves. Dean (1951) 

identifies risk-redueing investments in vert-ical 01;' horizontal i~egratJl{)n, 
investments in research and developmiFt, product development and welfare 

, ~ 

investments as being of strategic orientation. AdverUsi,ng expenditures of 

an investment char acter may also 

as operating expenses. Clearly, 

~ered ev~n though 

the acknowledgement of 

they are treated 

these strategie 

elements yields a profoundly different perspective on replacement. 

\ 
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6. Summary 

In this chap~er wè have examined non-macha~istic or economic theories 

of replacement and have indicated sorne empirical evidence suggesting that 

replacement investment is a variable responsive to economic factors: ' The 

empirical eviQence suggests that replacement investment is positive~y 

correlated with the level of cash flow within the firm as weIl as with both 

the levels of expansion and gross investment outlays. Partial negative 
, 

coefficients between expansion and replacement investment were reported but 

this substitution effect seems to be dominated by liquidity and output 

considerations (the income effect). On the raIe of capacity utilization 

the empirical results are inconclusive. 

The consensus is aptly anticipated and summarized by Bain (1939) whe1 

he says that "the economic life of equipment is analytically a variable "t 
The reason that equipment ,is replaced at some particular time cannat 

rationally be that it has ended its 'physical life', but that it is n~ 
... 

longer as economical to the firm as a replacement would b~_'~, and by Dean 

(1951) who argues, that other things being equal, replacement investments 

are and should be forced to compete for funds with alternative investffient 

opportunities on the basis of their prospective rate of return. 

A number of methodological issues surrounding the definition'of 

replacement investme~ 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.. 
three·seem to agree that strictly defined, "replacement investment" entails 

f 
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(a) lik~-for-like replacement arising from (b) phy~ical deterioration of 
~, 

èapital as sets due to wear and tear (output and input decay) which (c) 

lea~ to the slmultaneous retirement of the replacèd asset by 
\ 

the firm 

whose pur pose in replacing the asset is (d) the maintenance of the 

production capacity of its capital stock and not its expansion and (e) the 

continuance of the same line of activity (that is, unchanged capital-output 

speciflcity) • However when replacement investment is defined in? more 

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

replacement. 
" 

For example, Einarsen (1938) found little connection between 

replacements and retirements of the replaced assets and secondly found that 
1 

'11 

only 50% of owners replaced their aséets. As pointed out in the preceeding 

chapter,' he opted fol' the term "reinvestment" which did not impose al' 

constraint on retirement. Dean (1951) decomposed replacement investment 

into two' components: 
1 

like-for-like replacement and obsolescence 

replacement. Unlike the first kind, obsolescence replacement does not 

imply the continuance· of the same line of activity by the firm and ls 

generally assaciated with increase in capacity and change in the quality 
-" 

and composition of outpu~ . Furthermore Dean does not see any direct 

connection between replacement--of either kind--and retirements. The aIder 

asset may be retained in progressively degraded service because the 

economic value to the firm, thaugh inferior ta the new asset, is still 

superior to the market salvage value. Since most fiRed assets are 

• specialized in function, 'custom-built an~ bolted to the ground, transfer 

costs are. very high. Moreaver the market is unlikely to value highly an / 

1 

/ -; 
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, 
ass~it does not know--even if organi'zed second-hand markets exist for aIl 

types of capital goods. Terbo~gh (1945, 1~49) arg~s that technical chang~-
-"',. . '" 

/ $ 

and change in market tastes and prefer~nces predominate over phyiçal wear 

and tear. Assets> are continuallyP displaced by c~llenger as sets of 

s~perior technoloqical vintage. Instead of finding their way to . the scrap 

heap, firms retain capital -assets ~n progressively degraded service'until 

their economic value is nothing better than scrap~ ,T erb'~rgh ( 1949 ), like 

Einarsen (1938) , pre fers , alternative terms ~ "displacement", suèh as . 
"reequipment" or "remechan:Jzation" because ,they ,describe more accura~y 
the nature of replacement activity in the real world. Since the term 

"replacement" has the advantage of common usage Terborgh (1949) decides ta 
- -

adopt it, but with a different meaning: "we use the ward as a synonym for 

mechanization in g~neral, hence with no implication of replacement in kind • 
.. 

It applies equally whether tRe new facility is radically pifferent from 

the Jncumbent or an exact replica thereof. It applies whether or not the 

function it performs i5 precisely the same." 

Thus, the term replacement i5 u5ed in two separate though related 

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

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

one or more of the conditions specified above does not apply. Ooing sa, 

however, leaves the door open to sorne important ambiguities. First, 

suppose a firm invests tn the conversion of say a newsPFint mifl ta a fine 

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

others are ~odified, others are added. The line of aètivity being pursued 

in the plant-<output-specificity) ha~changed. To what extent does this 
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invesiment represent replacement investment? 
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Viewed from th~ point of view 
\1 ' 

of the production capacity it may be classified ~s replacement. ,But if it 

is now producing a different produtt to what extent is it val~d tO'speak of 
1 

replacement? Should investment in any product new to the economy classify 

" 
~ 

as replacement by virtue of the fact that it represents' renewal of . 
production capacity? l,do not think anyone would g8 that far. By the sa me 

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

product as replacement investment. On th~ other hand, this investment to 

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

from;re point of view of the firm, it represents expansion in a new line 

of activity. Second, suppose! a pulp and paper produëer decides to ~ 
'" 1 

modernize a plant and in the process finds that, as a by-product of the 

upgrading and ~odern~zation, ~_can expand capacity by 50%. Here, by 

replacing the older by more modern and up-to-date 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 outçome of the investment is to raise capacity, to what 

extent can we then spea~ of replacement? Third, suppose a firm adds new 
.;,..... 

equipment"in a plant while relegating the older equipment to secondary 

status. Here it retains the older equipment to meet"excess qemand or as , 
spare capacity in the e\ent of equipment break~own or major repairs. To 

what ex te nt are the new machines replacement investment when the older 

machines have' not' been retired from service? Four:h ",~~~p'pdS'e a' firm 

decides ta install new more automated equipment in arder to"lijwar casts of 

production an~improve its profitability in the face of stiff tompetition. 
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If the aIder, lesst sophisticated equipment are still in excellent working 
1. '> 

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 ±he 
f 

'firm in investing in new equipment is profitability --and long-term, survival 
. ~ 

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

when the firm introducing the new equipment is a different firme If a new 
.... . ./~ 

challenger firm--b~ virtue of superlor capital equipment--drives out of the 

market the established firm with the aIder equipment, is the new firm's 
~ 

investment to be considered reRlacement tao? What if this firm is a 

foreign producer? Lookeo at from the perspective of the domestic economy, 
, 

there will be massive retirement 
. , 

of real capital with no accompanylng 

investment flows. 

Clearly then, applying the ·term replacement in both the traditional 

"like-fot-like" replacement sense and the less conventional "dynamic" sense { 
\ 

serves only, to~nfuse the matter and to re-direct the reader's attèntion 

away from tl:le more dynamic aspects' ,lof investment activity. ~ more 

meaningful approach may be to use separate terms for each type of 

investment activity. For example, one may rêtain the term replacement for 

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

for a11 other cases where thè intention of the firm is neither purely thèt 

expansion nor the maintenance of i ts product,ion capacity. Wher~ the' firm' s 
..... --

underlying production technology or product line composition remains 

basically the sa me one can speak of expansion and replacement investment. 

When . the firm's underlying produ~on technology itse'lf undergQes 

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

li 
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significant change, then it is no longer meaningful ta continue ta use the 

terms expansion Of replacement. H~re it is mo~e a case of structura~ 

transformation in either capital input or output or both and.therefore'a 

different term, 5uch as structural investment, may ~~ warranted. 

Chapter Four and its Appendix further examine the nature of capital 

spending and fixed. capital stock but from an empirical rather than 
\ ~ , 

theoretical point of view. Chaptèt Flve develops the concept of structur~l 
~ 

investment and shows that most types of "dynamic replacements" can be 

better understood and e~plained in the ~ontext of st~uctural investment 

rather than the more restrictive context of replacement investment. 
f 

( 
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1 • Introductïon 

In the last two chapt ers we h~ve conducted a critical review of the 

-Titerature pertaining to replâcement investment. This review provides only 

a limited perspective. Nowhere does it rely on directly measured data ~ 
l , 1 

replacement capital expenditures. The few empirical studies w~ have 

examined use replacement data whi~h have been constructed from gross 

capital" tlnvestment series using various, theoretical frameworks. 

Unfortunately, the validi ty of: the replacement estimates is c~rntingent 01');\ 

the validity of the theo~tical model and the. assumptions used in their 

construction. To gain a more accurate and reliabl~ understanding of 

replacement one must rely on directly measured data. In this chapter-we , , 

review and analyze aIl of the available data for investment and capital 

stock that are supplied by statistical agencies in Canadâ. 
1. • 

Our approach 

'" here 1s inductive rather ~han deductive.· We see what we can learn about 

replacement itself and about the context in which it takes pIàce, directly 

from the "data and without being 

presuppositions. 

constrain~ by 
\l 

many theoretical 

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

non-capital repair expenditures which corresponds quite closely to "l1-ke

for-like" repîa~ement. To our knowledge, these data 'have never been used 
n 

in any study of replacement, and they provide us with' a unique oP!rrtu~ity 

to study directly both replacement investment and _the factors wbich 

condition it. There are also under-utilized .data on the purpose of capital 

investment spending which provide us with a deeper understanding of the 
~ 

/ 
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of firms • undertaking capiÏ.tal ou~lays for replacement ln. ~ '> motivation 
p 

... 
purposes. 

~'_ 0 , 

Combining these two sources of informatiQr with other data ta 

examine the patterns of cap~tal spending and the stru~ure of capital ~tock 
7 ' 

in Canada, iew insights are generated regardlng the context and factors 
l' .' 

which condition replacements--af bath static "like-for-like" and dyflami~ 
i. 

"unlike-for-like" kinds. 

The ~nvestment data analyzed in this chapter come fr~m two source~: 

Statistics Canada's semi-annual survey of Private and Public IrnJestmerit: ' 
; 

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

" Industrial Expansionts Survey of Capital lnvestment Inteneions and Outlats; , 
(DRIE). The PPI sur \le y is a non-vo:luntary \urvey conducted sil'lce 1947 and 

spans aIl ?ectors of /the economy. It 'tollects data' on~ planned, 

preliminary-acbual a~d actu~l investment expenditures for bath capital and 

non-capital repair purposes. The data collected in this sur vey are used as 
~.., (~, 

inputs ln the national incarne accounts for the calculation of gr05s 

do~estic expenditure, and in the estimation of gross capital stock using 
" 

the "perpetuaI inventpry" method. The DRIE survey iS,a voluntary survey of 

about 250 large Canadian corporations whose capitâl expenditures account 

for about 50% of total capital spending in Canada. The investment data 

compiled here closely track those of . the PPI • survey and therefote are a 

reliable source of information. In effect since 1969, bath the scope and
f 

magnitude of this surv~y have been greatly enlarge~in 1977 in arder ta 

provida adoitional information on the pUIpose of capital expenditures and 

the motiva1JJn underlying them. 
~ 

~ 

The capital stock data analyzed in this chapter are those~~upplied by 
1 

" 

'. 

.. 

t 
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statistics Canada in the Fixed Capital Flows and Stocks. 
~ ~~~~-~~~-=~~~~~~ 

Unlike the 
J / 

investment data described above, capi tal stock data in Canada, (!ke most 

nations in the world, are not derived From any arnual survey or inventory 
t 

~ 

of fixed dur~~ as sets " Rather, 'they r~present estimates calculated from 

"-grass capital invèstment data using the "perpetuaI inventory" method, and 

are limited by the metnodalagy and in their 
~ 

construction! The Appendix to Chapter Four 

the assumptions used 

has{been included in order ta 

describe the nature of this me~hodology and assumpt10ns 'and ta warn the 

reader èhat these estimates are quite sensitive ta the under l y ing 

assumptions. This fa ct is sOJWidely acknowlepged among the st{tisticians 

responsible for their construction that in Canada an inter-departmental 

task force has been set up ta examine the feasibility of a quinquennial 
III 

capi~l stock survey as a replacement to the present method. 
j 

Unfortunately, ~ot aIl economists 5ee~to be aware that cgpital stock data, 

far from representing actual figures, are merely estimates, and imperfect 

ones 3S welle Empirical studies which use capital stock data t~rive 
re~lacement investment demand functions, such as those of Jorgenson (1965, 

; 
1971 ), should be regarded with scepticisme 

~ 
The same applies to studies 

which use this approach ta partition grass investment i~expansian and 

• replacement components. On our part, we regard this approach as so .. 
speculative as to avoid it all together. Instead, we make a mQre cautious 

î 
use of the available capital stock data, and then only far suggestive 

fl ~ .. 
purposes. 

We examine the structure of capital in terms of its composition 
,-J 

(buildings vs. engineering str~ctures vs. machinery and equipment) and in 



-

ft, V' --~ 

, - , 

93 
) 

1 
terms of its relationship with output and labour (capital-output and 

capital-labour ratios). This approach is ~sed to generate a few insights 

which augmeht our understanding of replacement investment. 

Section 2 
'" . of this chapter provides a broad overview of,capital 

,j 
investment in Canada during the post-war periode Sections 3 and 4 examine 

and analyze our findings regarding repair investment' outlays in Canada. 

Section 5c 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. Fina1ly Secti~n 7 examines and analyzes the data on 

the purpose of capital spending. ( 
"-

l 

2. Overview of Capital Investment Spending in Canada: 1947-1983 

Gross, fixed-capital formation (GFCF,) is defined as any expendi ture 

incurred on the ~onstruction, acquisition and ~tallation of new capital 

goods. A capital or producer-durable good is any man-made good used for 

the production' of other goods and services which has a durable life, 

generally of on~ year or more. It is considered "capital" because it will 

provide a stream of services over a period of time. 

GFCF i5 divided into private and ,ublic investment. Also, it is 
4 

divided into business capital investment (BCI), residential housing capital 

investment (Hel) and public (government) capital investment (PCI). Here we 

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

Canada breaks down capital investment in three categories: machinery and 

-----------------------------------------~----
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, 
eq~ipment (M&E), building construction and engineering construction. The' 

two latter components are termed non-residentia! 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 ta real 1971 dollars using separate priee deflators for 
, 

machinery and equipment and non-residential construction. These priee 

deflators are given in Appendix B. To provide a sectoral perspective of 

inve6tment activity, the data were g~ouped' into four major business 

sectors: primary jndustries, mirt~g and construction (PMC); manufacturing 

(MFG); 'utilities, communicatio~s and transportation (UCT) and trade, 

f ' \, l 
~nance, commerCla and personal serv ices (TFS). The data were subjected 

to various manipulations in order ta 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 activity 
... 

in Canada over the long period 1947-1983. Figures 4-1 to 4-3 show the 

thr~e principal components of GFCF, namely business investment (8CI), 

investment in residential housing (Hel) 'and public investment (PCI). 

-
Business capital expenditures have accounted for appro~imately 63% of total 

capital spending, while residential housing and public investment have 

accounted for abàut 20% and 17% respectively. As a proportion of GNP, GFCF 

amounted to~pproximatelY 22.5% of gross national expenditure while the 

'" business component of GFCF has accounted for about 14% of the total. 

" 

" 
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While GFCF exhibited considerable short-run cyclical variation in 
tif 

relation to GNP--flu~tuating between a quarter and a fifth of GNP--no long-

term trend can be discerned in Figure 4-3. 80th GFCF and business capital 
• 

investment, as shares of GNP, have remained remarkably stable during this 
( 

37 -year period. 

There Have been four major investment booms during this period and are 

c1early depicted in Figure 4-3. The four major booms occurred in 1955-57, 

1 1964-66, 1973-75 and 1979-81, 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 co~ponents, while public 
\ 

investment has been the most stable. 

Figure 4-4 compares the ~ual rate of chang~ in GFCF with that i~ GNP 

during the period. A positive correlation can be observeô between the two 

rates of change. As one would expect, GFCF exhibited significantly more 

variabi1ity than GNP. A clos~ inspection of the graph also reveals that 

changes in G~CF 1ag behind those in the GNP by about nine months. 

Figures 4-5 and 4-6 depict the sectoral characteristics of business 
\ 

capital investment activity in Canada in the four major business sectors. 

Two sectors, UCT and TFS, ale genera11y classified as services while the 

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

manufactured goods sectors, respectively. Figure 4-5 e'xhibits the pattern ' 

of change for each sector during the post-war period while Figure 4-6 

exhibits their relative contribution (shares) to business capitàl 

~nvestment activity. These shares reveal important patterns of change 

taking place du ring the period. First, although capital investment in, 

/ 
. \ 
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manuf~cturing (MFG) rose in abS~lute terms, it has been eXh~~ing a strong 

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

'third of' capital spending, it has droppad to a little aver a fiftm of the 
, '1 • 

total. The shfft, is most pronounced since 1966. Second, c'api ~al 
\ 

investment in trade, finance and_ services (TFS) sect Dr has risen in 
\ 

bath absolute relative terms. The increase has been most pronounced 

since 1971. T rd, capital investment in the utilities, communication~-and 

transporta t ion has been rising in absolute terms bu~ remained 

constant in relative terms at about a third of business capital investment. 

Capital investment in the non-manufactured· goods sector (PMe) has been 

rising in absolute terms throughout the surveyed period but it exhibits a 

mixed trend as a share of business capital, investment. Although it 

declined in relative terms until 1975, it has been accounting for a~ 

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-induceq increase in the world priee of, 

oil. The mining and construction industries were major beneficiaries of 

energy-related investment activities (oil and gas exploration, production 

and pipeline construction). 

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

In addition to capital expenditures, Statistic Canada has been 
(-

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

" '- ,,~ 
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~~va~e an~ Public Investme~survey. , ' 
These data whieh have been collected 

, -
continuously since,Jl947 form an integral part of the investment survey. In· 

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

of detail as capital expendi tures, and are then' added to cap"i tal 

expenditures ta produce a "total" picture of investment activity in Canada. 
~ } 

Appendix C illustrates,the format and the magnitude of repair expenditures 

as they have appeared in the publication Economie Review. 

Repair expenditures are defined by Statistics Canada as "non-

capital~zed outlays made to maintain the l.operatinQ efficiency 

existing stoel! of durable pMysical assets. . These repair and maintenance 

expenditures exclude however, the routine care of assets 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 o~herwise raise its productivity, they are treated as capital 

expendi tures on new construction or new machiner y and equipment" 1 • As a 

reason for their inclusion, Statistics" Canada cites the following: "by 

including the se outlays, a more complete picture is provided of aIl demands 

likely ta be made on labowr and materials in accomplishing the investment 

program." These repair e~penditurès do not represent a trivial sum and 

should not be ignored in the investment literature, especially when it 

cancer~s replacement investment. Repair expenditures represent a 

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

the Canadian manufacturing sector and over 37% of business capital 

1 See the "Introduction" and "Statistical Note5'~ of PPI Survey, 
Statistics Canada, Catalogue 61-205, for any year • 

.. 

, . 
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investment in Canada, in 1984 for example. 
~ 

What then are these "repair expendi tures" and do they ~epresent ~ 

replacement investment as it is conceived in the economic literature? If we 

examine the definition itself, they are expenditures whose purpose is ta 

maintain the operating efficiency of capital stock intact. This definition 
'} 

is exactly the same as that ~iven for replacement investment in the 

literature! Consider for example: 

·and 

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

in efficiency, givlng 
maintain productive 

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

' ... 
From the definition alone then, it is clear that repair expenditures are in 

f) 

fact replacement investment. 

To--confirm the aQove, we sought expert opinion 
l 

from ind~stry 

practitioners themselves. Those responsible for collecting the information 

at Statistics Canada were asked as well as officers responsible for 

supplying the information from the reporting firms themselves' l Officials 

at Alcan Aluminum Ltd., Domtar Inc., Shell Canada Inc., the. Canadian Pulp .. 
and Paper Association and the chartered acco4nting firm Coopers and Lybrand 

were contacted. The consultations confirmed our theoretical expectation 

and 3erved to clarify why these expenditures which are in essence 

replacE:'ment are called "repair expenditures" and che,rged to operating 

accounts as opposed to-being capitalized. , 

------------------~--~- --~-
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Un1ike what M~~! econoMi~s wou1d have us expect, assets are not made 
.. 

of a single component but of a multitude of different components which wear 
" i 

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

rarely scrapped unless aIL other, particularly the major components have 

also worn out! In order to maintain the operating efficiency of the entire 

asset, the firm will replace the wcrn or damaged component by a new one, 

and charge the expense of the component plus the cost of labour and 

materials necessary for its restaration as a "repair expenditure" ta an 

operating account. Whether the expense i5 charged to a capitpl account or 

not does not alter the nature of the activity. Thus, whether a particular 

expenditure will be classified as a "repair ~xpenditure" and charged to an' 
( 

operating account or as a "capital expenditure" depends on· how one defines ~ 

the a5set. To quo te from one authoritative accounting textbook: 

"The replacement of specifie parts, however, is a function of the unit 
or composite selected for depreciation, and the distinction between 
replacements and maintenance is dependent upon the amount of the 
q<ggregatien and the selectedO composite life." (Hendriksen, 1982, p. 
384). 

"', 
Hendriksen uses an airplane te illustrate his point. An airplane can 

-' 

be regarded as à single asset or, alternatively, it can be decomposed into 

three separate assets: the airframe, the engines and the interior fittings. 

In the first case, period~~ replacements of engines or interier fittings 

will be classi f ied as "repair expendi tures. " In the second case, such 

replacements will De classified as capital expenditures. In either case 

however, they are replacement expendit~res which maintain the operating 

efficiency of the existing asset intact and contribute towards the 
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attainment of the originally expected service life of the asset. 

Def1ning some related notions will further help clarify the issues 

involved here. Following Hendriksen, the term maintenance generally refers 

to'the normal upkeep of property in an efficiert oper?ting condition and 

includes normal recurring repairs such as c1eaning, oi1ing, adjusting and 
~ 

replacement of minor parts. Such routine maintenance expenditures shou1d 

not be confused with "repair expenditures" discussed above. They are 

excluded from Statistics Canada's definition of "repair expenditures,,2. 

The term repair refers ta the restoration, after damage by accident or 

prolonged use or disuse, of a fixed asset ta its full productive capacity 

without increasing the previously estimated service life or capacity of the 

asset. Repairs are genera1ly of two types: (a) the adjustment of an asset 

or working parts and the labour necesspry ta restore a damaged or worr 

component ta its original condition, and (b) the replacement of one or more 

parts of an asset with new parts without rep1acing the entire asset. 

The terms additions, improvement and _better~ents and major 

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

life of an asset--that i5, an increase in the number of years aver which 

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

quantity of services ta be obtained in each year during the remaining life 

of an asset, and (c) an increase in the quality of service ta be obtained 

in 1 •• 
r~ma1nlng In such cases, each year during the life of the asset. 

2 ïhey are collected as part of a separc!fe survey and appear as 
"maintenance and repairs" in ,the publication cor}oration Financial 
Statistics (Annual Catalogue 61-207, Table 28, line 14. They generally 
account for 30% of non-capital repair expenditures. 

-_ .. ~ 
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accounting standa~s t they be capitalized. In practice, 

hewever, classifying an ex as a repair or an improvement and 

betterment may net always be clear-cut. An expenditure program may combine , 
elements of repair, betterment and additions. Conside" the following 

examples: 

~ 

"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 from additions. A 'truck may be improved byadding 
overload springs and a larger'bed, th us permitting heavier payloads. 
The result may be litt le 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 ~sset. " 

"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 an asset is made UP of a single unit, a 
replacement involves the entire asset; in this case, the solution.is 
simple--the old as set is retired and the replacement asset is re'corded 

- 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 
repl~cements of parts of the asset can be charged to operations in the 
years in which they occur because the y are necessary to oQtain the 
expected service ~fe of the composite asset. Major replacements 
that o~cur infrequently, however, need to be capitalized so that aIl 
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 

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

we know these figures represent the 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 l,~st some of these implications • ...,First, unlike ~hat~ .p 
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expect , not all replacements are capitalized. Judging 

from the "magnitude of "repair expenditures" in relation to capital 

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

occur at the composite asset level, but at the component levei and are 
~ 

there~ore expensed and not capitalized: Second, to the extent thàt one 

choose5 to define replacement in the strict sense of "like-for-like" 

rep1acement, "repair expenditures" by and large represent "like-for-like" 
\ 

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

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 investm~nt spending in 

the economy. , It suggests that (a) the actuai level of investment as 

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

significan~ly higher than the one indicated by capital figures alone a~d 

(b) that both "net" and "replacement" components must be mu ch greater than 

hereto believed. Fourth, it suggests that theoretlcal or econ~metric' 
" .. 

approache5 which use capital s-tock data to impute replacement investment . 
dèmand and then ?ubtract ~t from.gross capital spending to deri~e expan~on 

demand have been completely off the mark and therefore their re~~ ~e 
completely erroneous! A review of the pattern of "repair expenditures" in 

Canada and their relation to "capital expenditures" done in. the next 

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

'\ 
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4. Repair Expenditures and Replacement 
-Investment in Canada: 1947-1983 

, , 
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r-
In. this section "repair expenditures" are treated as repla~ement 

investment and have beeQ added to "capital expenditures" ta obtain a more 

complete view of investment activity in Canada. Repair expenditures are 

added ta capital exp~ditures for the business sector of the econamy ta 

derive a measure of "total business investment" (TBI). 

Figures 4-7 ta 4-10 provide a rare perspective on the patterns of 

repair expenditures (replacement investment) and capital investment 

expenditures in Canada, for the period 1947 -1 91f' Figures 4-11 and 4-12 

provide a'similar picture but for the manufacturing sector, and then only 

for the periad for which detailed infor~ation is available, 1960-1984. For 

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

Appendix 0 which provides similar information at the 2-digit S.I.e. levei 

of the Canadian man~facturing sectar.~ 

Examinatian of Figures 4-7 to 4-12 reveals the fallowing features: (1) 

The level of repair expenditures has been very s~able in relation to 
f 

capitql expenditures, Fising gradually from 2.25 billion (1971) dollars in 

1947 tcf a little over $6.0 billion in 198~. Over the same period, capital 

expenditu,res have risen at a much higher rate, rising from about $3.5t. 

billion in 194? ta $23 billion in 1981, befcrre settling ta $18 billion in 

1983 (see I-igures 4-7 and 4-11). (2) 'The variability of repair 
\ 

expenditures has been substantially lower than that of capital expenditures 

(see Figures 4-8 and 4-12). Vet, in and of i tself, repair 
"-..--

spending has 

fluctuated considerably, but generally not exceeding the range of ++0% of _ 
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previous year's level. (3) The annual rate of change in repair expenditure 
\ 

is positively correlated ta bot~the rate of change in capital spendlng and 

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

business investment, has, exhibited a secular decline over the period, 

falling from over one~hird in the late 1940s ta just above one-fourth in 

the early' 1980s (se~ Fig~e 4-10). The cyclical troughs in the share of 

repair expenditures shawn in Figure 4-10 are due ta cyclical expansions inJ 

the levels of capital spending, and correspond ta the previously cited four 

major investment booms of the po~t-war periode ~_ 

1 

These findings are aIl consistent with what a reasonable theory of 

replacement investment would predict. While repair expenditure seems ta be 

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

the short-run it seems ta respond ta the same kind of economic factors 

which affect capital investment. The decline in the share of repair out of 

total investment may very weIl be due ta the fact that, with high positive 

rates of capital spending, age of the economy's capital stock 

is decreasing and theréfore 

the :r.erage 
the is less need for repair expenditures. 

\ 

If we treat Jorgenson's (1965) proportional replacement hypothesis 

(PRH) as a long-run theory of replacement and allow the timing of repair 

expenditures to vary in t~e short run in response ta short-term economic 

influences as the empirical findings of Eisner (1972) and Feldstein and his 
1 

associates (1971, 1974) suggest, the data on repair'expenditures contained 

in these figures i5 quite consistent with this eclectic view. 

figures 4-13 and 4-14 provide another sectoral- perspective on repair 

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 shows the share of each sector's repair investment out of 

total business inv8stment. , 

Examination of the repair share of total 
~~ 

these figures reveals that 

investment differs b~th among sectors and over time for each 5ector. The 

share of repair expenditures is highest for manufacturing (MFG) averaging 

about 33% of total business investment3, and it is lowest for trade, 

finance and services (TFS) averaging about 13% of the total in the 19705. 

The other two sectors' repair shares have been alternating during the 

period and stand at about a Quarter of total business expenditures. This 

shows that the morphological characteristics of capital stock are different 

among sectors at this considerable level of aggregation. In addition the 

repair share of total investment in manufacturing has remained re1atively 

constant 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 tô be due ta developments outside the manufacturing sector. The 

relative constancy in this particular sector reflects a lack of buoyancy in 

investment as compared to that occurring in other sectqrs. 
\ 

3 See also Figure 4-11. 
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5. Distribution of 0la~t an~ Eguipment Expenditures 

Investment expenditure5~-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 eguipment investment. Statistics'Canada and the 
\ ~ 

Department of Commerce in the U.S.A., collect separate figures for these , 

components. Plant investment consists of constr.uction expenditures on 

industrial buildings, off~e buildings and commercial buildings (stores, 

restaurants, etc.) and on all types of engineering structures such as 

roads, dams, transmission lines and pipelines, as weIl as oil drilling and 

mine ·instal~ations. Equipment investment consists of all types of 
, 

mac~inery. and equipment used either in producing goods or providing 

services. Examples are transportation, construction and agricultural 

equipment, genèral indus trial machinery (pumps, compressors, furnaces, 
~ 

etc:) c~stom-désigned industrial machinery, metalworking machinery, steam 

and electrical engines, fabricated metals (pipe~, valves, boilers, etc.), 

materials handling equipment, as weIl as office and photocopy equipment, 

communications equipment, computers, data processing equipment, food 

processing and packaging equipment, among others. 

Figures 4~15 ta 4-22 and Appendix E of this chapter provide 

information on the èomposition of business i~vestment by plant vs. 

'equipment expenditures.~ figures 4-15 ta 4-18 plot the levels of plant 

and equipment capital spending. in constant (1~71) dollars for each of the 
.. 

-four major business sectors of the economy during the 1947-1983 period • 

.. 



; 'f -

\ 
" 

J -_ 

FIGOR! 4-15 
"IAL IUSIHnS PLAIR IHY!STMENT YS ftEM. lUSIN!" EQUIPMENT: 

'RI"AftY. NININO ANO CONSTRUCTION 1 1947-83 

r\, 
/~ 

sooo j.\ Plant 

1 
J 
L 
L 2500 
1 \. G 

'III Il , 
Il 2000 , Equipment 

ft 
E 1500 

" L _ 

100 

sa 
1 
1 
L 

,L 250 
1 
Il 
N 
S 

200 
Ir 
f! 

ft r 150 
Il 
L • 

• 

... 
O,~~~~~~~~~~~~~~~~~~\~~~ 

111111111 t 1 11111111111111111111111111 
1 .1. Il' • • 1 • 1 1 1 • • , , 1 • , 8 8 8 9 , 9 9 9 , 998 8 9 , , 
Il .. Il 5 55 5 5 5 5 5 5 5 ., • Il Il Il ., ., Il Il Il 777 7-7 7 7 777 a a Il Il 
7 • , 0 1 2 , Il SI 7'1 • 0 1 2 , .. 5 87' 1 a 1 2311 5 8 7 , 1 0 1 2 , 

Tl"! 

REAL BUSINESS PLAN'l'i' ft. REAL BUSINESS EQUIPMENT 
INVES~H!NTt MANUPACTURING, 1947-83 

Plant 

1111111111111111111111111111111111111 
1 • III • 1 • • 1 1 l , • 1 1 • • • • • l , 8 , 1 III 1 • , , , 1 ~ 1 
.. .. ~ 5 S S S S S 5 5 S 5 1 lIa a a a a a a 7 7 7 777 7 7 7 7 a ale 
7 e 101 2 , .. 1 e 7 a , 0 1 23.. S a 7 e 801 2 , Il 5 8 7 e 101 2 ~ 

TI"! 

" '1< 

116 

\ 



) 

1.( • t, _'- ~ 

• 

300a 

1 
1 
L 
L 2500 
J 
CI 
N 
S 

2000 
CI , 
" f: tsoo 
A 
1. 

S 
1000 

25 

1 1 1 1 \ \ \ \ 1 1 1 1 1 1 \ 1 lit lit lit 1· 1 1 1 1 1 1 1 1 1 1 1 
1 1 • • • • • • • 1 1 • • 1 • III • • 1 • • 1 • • • 1 • ." • • • • • 
~ , • ! 5 5 5 5 5 5 5 5 5 • 1 • • • • • 8 • 8 7 7 7 7 7 7 7 777 1 • • 8 
7 • • 0 1 23. ! 8 7 ~ 101 2 S , 5 • 7 • 1 0 1 2 S • 5 1 l 1 1 0 1 2 3 

J Tl"! 

~PMMœ"""18 

UIU. BUSINESS PLAN'!' v •• REAL BUSINESS EQUIPMD'l' 
INVU'1"MBNT1 'l'RADI, FINANCE' COll. SUVICES 

1941-8l' 

Plant 

1 lit t 1 1 1 1 1 1 lit 1 l 1 1 1 1 1 111 1 111 1 III 1 1 111 ........... " ....................... . 
, •• 555 5 5 , 5 S S SI' • 8 •• 1 • 1 1 7:7 7 7 71 777 7 ••• 1 
7 • • 0 1 2 S • 5 • 7 • .01 23. ! 1 7 1 • 0 1 2 S • S 1 7 1 • 0 123 

Tl"! ~ 

'i' 

·-11~ 

\ 



c 
1 .. 

118 

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 decompo~es the information on equipment shares to the 2-digit 

S.I.C. level for 20 manufacturing'.lfldustries. 

Examination of the se figures indicates that each sector of the economy 

exhibits its own distinct composition of real capital. 'The equipment-to-

plant mix varies considerably across sectors and industries, as weIl as 

across Ume. It is highest in manufacturing (MFG) at about 65-75% of 

capital spending; lowèst in utilities, communications and transportation 

(UCT) at about 35-40% and next lowest in trade, finance and services (TFS) 

between 45 an~ 55%. The equipment-to-plant ratio for the prima~y goods, 

mining (PMC) is a composite of industries w~th 
< 

construction and sect or 

78.4% during 1970-79; In ~riculture it averaged 
Ji 

widely different ratios. 
'\. 

in forestry 54.1%; in mining 2~.8% and in const~uction 86.9%4. Signi ficant 

variation~ in the equip~ent-to-plant ratio are also in evidence_ among 

2-digit manufacturing industriés. The lowest is the petroleum refining 

industr~ with about 28~ in the 1970-80 period while among the higher are 

puIp_ and paper, primary metals, metallic mineraIs, knitting mills and 

textiles i~dustries with about an 82-85% equipment-to-plant r~tio5. Tables 

4 See Statisti~s C~nada; Current Economic Analysis, September, 1984, 
Catalogue 13-004 E, Volume 4, No, 9.' The same variability is found in the 
trade, finance and other service sector. The corresponding equipment 
ratios are 65.5%, 14.~% and 77.3% respectively. 

5 Appendix E at the back of this thesis provides,additional detail for 
20 manufacturing industries. 
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4-1 to 4-4 in the next section show the par~ition of capital stock in 

Canada by equipment, building structures and engineering structures in 

1981, and provide further evidence of the degree of variability in the· 

equipment-to-plant mix across industries. This evidence clearly indicates 

that each industry is defined by i ts own idiomorphic capital-input 

structure. Wide differences are evident among industries. 

~ The composition of fixed capital input requirements does not only vary 

across industries but varies over time 
'1' 

well. During the period 1947-83 

among 

there 

industries 'and sectors as 

--is a clear' trendln favour of 

equipmJnt in at least two seçtors of the economy. u' In manufacturing, the • 
equipment-to-plant ratio rose secularly from about,as% in the early 1950s ' 

to 75%'in the early 1980s. This pattern is evident for virtually aIl of 

the 20 two-digit manufacturing industries as weIl, as can be seen in 

Appendix E. The same process took place in the trade, finance and services 

sectQr where the equipment-to-plant ratio rose from about 45% to 55% over 
" , 

, 
the same per iod. In the utilities, c'ommun~cations and transportation 

1 

sector (UCT). the equipment-to-plant mix seems ta have remained stable over 

the period at about 45%. In primary goods, mining. and construction (PMe), 

and opposite trend is in evidence for the ratio of equipment expenditures 

ta total capital spending declined from about 70% in the 1950s ta 50% in 

the 1970s 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 
-

sec~r was developments in the oii and gas sector, particularly since 1974. 

Between 1976 and 1983 the equipment r~tio fell from over, 55% to un~er 40%, 

largely due tp increased mining exploration and deve~opment, which is 

.~ . 

- 1 
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classified as non-residential constructi~. In the late 1970s exploration 

and development, spending accounted for over 30% of non-residential 

investment6 • 

What may account for the secular rise in the equipment ta plant ratio 
'-

in the manufacturing and trade, ftnance and services sector? Two hypotheses 
i 

may be advanced to-account for this change. First, the shift in favour,of 

equip~ent can be explain~d by changes in the composition of fixed capital 

input requirements over time. For example, to the extent that changes in 

technology anp/or competition induce firms to'substitute capital for labour 
, \ 

or substitute more advanced capital for less advanced çapital 

(computer-controlled machine tools vs. manually-operated machine tools), 

then one is likely ta observe a positive capi~al spending program ~imed at 

upgrading, re-f~tting and modernization\ Since investment on on-site 

replacements and modernizations is primarily oriented toward equipment, one 

would expect that in mature indus trial sectors like food, tobacco, rubber, 
" 

textiles, wood, pulp and paper, printing, metal fabricating, transport 

equipment and metallic minerals, there would be a high~r rate of up-grading 

and modernization investment and hence an inorease in the equipment to 

plant ratio. This is born out by the data. While the share of 

manufacturing investment dropped from over a third to a little over a firth 

of total capital spending, 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 figures in Appendix E. 

6 Statistics Canada, Current Economie Analysis, September 1984, p. 
xvii ._ 

" 
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Data on ~he purposes for which investment is undertaken collected by the 

Department of Industrial. Expansion in Canada 7._ si~ce 1977, as well as 

similar U.S.A. data collected ,bY McGraw-Hill, provide powerful confirmation 

of -this hypothesis. The share of r~cement and modernization 'has risen 

from 27.4% in 1977 ta 43.7% in 1985 in Canada. The share of new-site 

expansions dropped from 21.8% in 1977 ta 5.0% in 1985, while the share of~ 

investment for purposes other thah expansion or replacement rose from 17.7% 

ta 31.5% during the same periode 

Statistics Canada, in its analysis of current economic developments in 

Canada8 is one of many9 commentators on this trend: 

"The fact that exporting industries are anxious ta 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 pap~r and 
allied and the 'machiner y industries. The wood industry, whose 
capacity utilization rate is at pre-recession levels, intends to boos~ 
bath types of investment. The drive to increase productivity 
rather than capacity 5eems to be widespread among other manufacturing 
industries and other secters (excludi~g mining exploration and 
development) • 

Q 

A more detailed analysis and discussion of these developments is given 
-in' Chapte-:r 5. At this point we can generally note the gr?dual 

transformations taking place in manufacturing: the shift from labbur-

7, Seè Tables 3-1 and 3-2 of Chaptel' 3 and Tables 4:::5 and 4-6 of 
Section 7 in this chapter. 

8.Statistics Canada, Survey of Current Business, 'September, 1984, pp. 
xvii. 

9 They are too many to 
Schnorbus (1985) of the Fed~ral 
of Industrial Expansion and 
Business Week, ameng ethers. 

mention in detail here, but sorne include 
Reserve Bank of Cleveland; the D!3partment 
McGraw-Hill investment intentions, 'surveys, 
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• 

operated machine tools to numerically-controlled (Ne) and _~mputer-

numerically-controlleq (CNC) machine tools; from rigid m~ss-production to 

flexible mass-production, and to increased factory 'autometion such as 

computer-aided design and manufacturing (CAO/CAM) and robotics. Business 

~ (June 16, 1986) recently published the results of a survey undertaken 

by Oataquest, a market research firme It reveals that investment on 

'shop-floor automation (camputer-aided manufacturing) has risen from about 

$6.8 billion U.S. in 1980 to $15.4 billion in 1985 in the U.S,A. Such 

expenditures, which have more ta do with productivity enhancement than 

capacity expansion, are expected ta double 'by 1990 ta $32.2 billion. 
r 

The second reason that may be given ta account for the increased share 

of equipment over plant expenditures is the non-neutral treatment accorded 

ta equipment and structures by the tax system. ·Investment in equipment can 

be depreciated over two years for tax purposes while investment in plant 

can only be depreciated over five years. This provision, effective in 
~ 

Canada since 1972 along with other similar provisions temporarily applied 

in Canada during the 1950s and 1960s10 as weIl as simila~ l~gislation in 

the U.S.A.. (Tax Reform Act of 1969, Revenue ~t of 1971 ~nd Economic_ 

. Recovery Tax Act of 1981) may have favoured investment in~ equipment. While 

there i5 sorne empirical support for the U.S.A., see for example Aaron, 

Russek and Singer (1972), there is little conclusivé evidence for Canada. 

To the extent that the tex laws have favoured equipment sPending ov~r 

investment in plant, the ef.fect is likely ta be small in relation' to other 

10 For a~re extensive qiscussion of tax provision~ enacted ta induee 
additional ca ital spending in Çanada see Matziorinis (1979, 1980) and 
Matziorinis, ollintzas and Rowley (1980, a,b). 
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factors. It is our balief that tax factors have exercised a positive but 

small rolB in the shift to equipment, at least in Canada11 • 

Figures 4-20,to 4-22, unlike the previous ~et of figures, include both 
\ 

capital and repair expenditures on plant and equipment. They reveal that 

the shi ft in favour of equipment is also evid~nt for repair expenditures at 

least in the manufacturing sector during the 1965-1984 periode When repair 

expenditures' are examined separately, the plant-to-equipment ratio has 

dropped from over 27% in the late :it~~~:o about 16% in the early 19705. 

Sorne final comments are in order. The shift_ in thé equipment-to-
~ 

plant ratio taking place may be causing a g,radual shortening in the average 

life of capital stock and might hold significant consequences for future 
J) , 

replac~ment spending. Secondly, since a mu ch higher proportion of 
-

machinery and equipment is imported into Canada, compared to buildings and 

structures which are supplied domestically, the shift towards equipment 

also holds significant results for final domestiq deman~ in Canada and the 
) 

balance of payments. Jhe trend toward~ equipment seems to favour foreign 
~ , 

suppliers of capital goods. 

- , 
11 The tax treatment of capital expenditures differs considerably 

between Canada and;the U.S.A. Provis~ons in the U.S.A. have been generally 
much Iess generous than'corresponding Canadian ones and the y have been only 
gradually broadened. It,is quite possible that the further liberalization 
of tax provisions over the years in the U.S.A. may have played a more 

, significant role ,there than in Canada, where provisions were mo~e generous 
from the outset. 
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6. Capital Heterogeneity and Functional Specificity 

This section examines the morphological properties of capital stock in 

Canada. Capital investment refers to the acquisition of durable goods 

which are used ~or further production. No analysis of investmenf is 

complete without a look at on what investment dollars are spent and at what 

use these capital goods are inténded to serve. It is well known that fixed 

or "real capital" - -as opposed ta money capi tal--is a, gener ic concept 

'.,- defining l'ln agglomeration of heterogeneous uni ts of capital. Capi tal gao~s 

are heterogeneous not onl y in terms of their 

term~ of their funct~ pu~pose as Woll. 

only be used for a limite~ number of purposes. 

functional specificity of capital. 

physical properties but in 

Each type of capital good can 

"" We shall refer to this as . 

The theôry of investment, as it presently stands, almost always 
<; 

ignores morphological characteristics of capital. It is often based on the 

assumption of a quantifiable and homogeneous capital stock. By its 

restricted form, it can only deal with quantitative' capital change, 

investment, disinvestment and replacement but it cannot deal with the 

cha~ge in the composition of capital stock. This is awkward sinte 
1 
replacement investment cannat be properly understood if the morphologie 

properties of capital formation are not considered. / 

Clearly mineral extraction ut~lizes different types of equipment than 

leather goods manufacturing; automobile manufacturlng utilizes different 

types of equipment th an chemical proeess firms; and aircraft production 

utilizes different types àf equipment than steel production. Everyohe 
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would agree that production functions differ from industry ta industry and 

"-
of~lim From one firm to another, in the same industry. .A useful . 
c~assifi~ion is proposed by Drucker (1974). He dis~inguishes four major 

types of production processes: (1) rigid ma~s-production (building 

:::::::~:~ i;::t~:il::~el);app~:~ric::~Xib~:rni::::~pro:~::~::g.or s:l::: 
cosmetics); (3) continuous-process production or Flow Rroduction (petr~eum 
refining, chemical products, p~p and paper, alumina, aluminum, nickel, 

glass, cement, beer, milk); (4) unique-product production (steam turbi-ne, 

shiP:building, satellites, space vehicles, engineering, accounting and 

professional services, building and engineering construction). We consider 

this classification more extensively in the next chapter. It is evident 
. 

that different,products require different amounts of capital input (rJgid 
o 

mass-production and' continuous-process production are far more capital 

intensive than the Qthers); different levels of skill and techni~al 

expertise (rigid mass-production does' not require skilled labour whereas 
.. 

unique-product production does); and different rates of capital utilization 

(oil refineries and aluminum smelters operate 24 hours ~ Bay, 7 days a week 
• 0 

throughout a yea~ whereas the others cease work over night, on weekends and 

holidays)12. Capital goods themselves also are produced goods. Further, 

most buildings and engineering structures are custom-made as are many types 

of machinery and equipment (turbines, boilers, furnaces, among others). On 

the other hand, capital goods like' v3hicles, trucks, standardized machinery 

12 For an 
(1963) • 

insightful analysis of capital utilization seF Mérris , . 
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and equipment like machine tools, computers, typew~iters are mass-produced. 

The purpose of the foregoing di?cussion is to.emphasize the diversity 
• 

of producer durable equipment in the economy, and their functional 
\ 

speci fici t y • Appendix F reproduces the standard forms used in Japan for 

their capital stock survey. It contains a vast 11st of different capital 

goods used in the production of different products. No such list i5 

available for Canada which would permit collection of capital stbck 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 li tUe data available in effort 

ta provide some general information on ital stock. 

The approach used is to deritle capi taI-output (K/o) ratios 
\ 
and 

capital-labour (KIL) 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 year for which these data have been 

computed is 1981. As we are only interested in differential structural_" 

properties, the "actual level of values computed is not as important as tHe 

differences in the levels of these values 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 valid1are only suggestive at this stage of analysis •. A 

much finer degree o~ detail is °required before 

morphology of capital stock in Canada. 

1 -
1 

1 

we can adequately map the 

c ' 

'\ 
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Measuring the capita1l0ut~t (K/Q} and cap~tal-~abour (KIL) ratios of 

the econamy- is no~ a simple matter because of definitiona~ and measures 

-issues. We are not concerned here with the theoretical issues but rather 

with more practical issues of measurement of capital stock and also with 

its vali~ity as used in econometric models of investment. The issues are 

significant and bear directly on the subject of this thesis. For a 

c~mplete review,of the capital stock measures, methodology, assumptions and 

issues ~ee the Appendix to this Chapter, 

rThe approach used ta compute capit?l-output (K/Q) and capital-labour 

(KIL) ratios 'is determined by availability of data and our const'raint 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 perpetuaI inventory method. It uses data on gross capital 

investment over a peri~of years along with estimates of service lives; it 

assumes a one-hoss-shay retirement process13 Statistlcs Canada also 

derives measures of net capital stock, i.e., gross capital stock minus 
1 

accumulated depreciation. Here we use the gross concept of capital stock, 

because even though depreciation' is deducted for accounting purposes, 

capital goods are still retàined in the capital stock and continue ta yield 

capital servîces in each current periode Ta 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 nature of 
the perpetuaI inventory method are discussed in the Appendix ta this. 
Chapter. --' 
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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 

• more robust to different assumptions regarding service lives and retirement 

patterns th an are net measures. 

Output is defined as real value added or real gross domestic product 

~ (GDP) at 1971 constant priees, and is based on the system of national 

accounts. 5tatistics Canada breaks down GDP by major sector, and 

industries, at both the two and three-digit S.I.C. levei for each 

. d t 15 l.n us ry • Direct labour is defined ~s non-salaried, hourly paid wage 

earners, as estimated by Statistics Canada in its publication EmBlolment z 

Earnings and 16 The amount of labour employed in industry Hours • an 
. 

1,ncludes two categories. Direct labour, which involves workers dirêctly 

engaged in the production process and therefore tied ta the prodüction 

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-ta-indirect labour across industries is 
J 

likely ta affect-our estimates. Direct labour is a more appropriate 

measure of labour input 'for our purposes than total labour employed. 

However~ the employment data compiled by Statistics Canada are not broken 

'" down alOng'~iS liD~. 

14 . <" 
Rather, Statistic6 Canada compiles separate series 

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 Stat1stics €'anada, 
Catalogue 61' -213) • 

Gross Domestic Product bl Industry, (Annual 

16 Statistics Canada, Employment, 
, 

Earnings and Hours, Catalogue 61-
... 213. 

, , 
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capital-labour ratio~ across different sectors of the Canadian economy and 
i 

across the twenty major manufacturing industries comprising the 

manufacturing sector. Before we examine these results, a nummer of 
". 

qualifications are in order. First, the se resul ts are subject to \ 

statistical measurement errors in aIl variables wMich is unavoidable. 
\ 

Second, the results depend on the quality of our capital stock estima~es. 

As the Appendix ta this chapter makes clear, our estimates of capital s~ock , , 
1 

are sensitive tq the methodology and the assumptions 'used in thrir 

derivation17 . Unfortunately, due to lack of census or survey type data, 

the~e is no way of validating our capital stock figures. Therefore, ~u~ 
estimated values here are only as good as the capital stock data used lin 

\ 
their construction. Third, our' labour data are not in the mOpt 

1 
\ 

appropriate form needed for calculating capital-labour ratios. What tS 
, 
1 

needed ideally, is a measure of direct labour only and should be adjusted 
1 
1 

for working hours. As already mentioned, suf{icient sectoral data qn 

direct labour are not available. 
1 
1 

The capital-labour ratios calculated n 

Tables 4-1 and <4-2 diff~r, in that the former use total labour as compar 

with direct labour. Fourth, both capital-output and capital-labour rati s 

v 

17 The perpetuaI inventory method used by Statistics 
capital stock in terms of the historical or acquisition cos.' 
Alternatively, one can value capital stocl< 'in ter ms of its market- value r . 
insured value. Also, an alternative to relying on investment time ser~ s 
is the survey method used in Japao. 

,; 
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TABLE 4-1 

FIXED CAPITAL INTENSITY IN SElECTED SECTORS OF 
CANADIAN ECONOMY, 1981 

Gross Direct & Capital 
Domestic Indirect Outp'ut 

Sector Product labour Ratio 

Mil 1 ior"ls 
1971 $ 1971 $ 

Agriculture 3,189 8.06 

Forestry 768 51,000 2.89 

"" Fishing 190 4.47 

Agricult. Fores. & F ish 4,148 6.94 

Mining 3,272 164,900 11.39 

Manufacturing 26,078 1,657,400 2.65 

Construction 7,448 224,300 0.65 

Air Transport 1,607 48,000 1.66 

Rail Transport 2,060 114,600 7.29 

Urban Transport 2a5 34,400 8.50 

Ripelines 486 14.77 

8roadcasting ~ 31,800 

Telephones 3,646 116,700 5 .• 75 

Electric & Gas Utile 3,924 117,800 13.66 

Trade (Retail & Wnolesale) 15,213 910,200 1.06 

Finance, Insurance 16,013 397,900 1.26 

Commercial Services 23,861 691,900' 0.85 

• 
SOURCES: Statistjcs Canada, Fixed Capital Flows & Stocks, 13-211 

Capital 
labour 
Ratio 

1971 $ 

(43,529 

225,913 

41,738 

21,543 

55,625 

130,977 

70,494 

,42,296 

179,614 

454,898 -

17,18'1 
1;. 

50,709 

2~,31 0 

Gross Domestic Product Bl Industry, 61-213 
" o Emp_loyment, Earnings and T' 72-002 
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( TABLE 4-2 

FIXED C~ITAl INTENSITY IN CANAOIAN MANUFACTURING 

fYIanuf actur ing 
Il1fiustry 

) 

SECTOR, 1 981 

Gross 
Domestic , Direct 
Product labour(l) 

Mil. $ 

Capi tal Capital GDP peI' 
Output labour Direct 
Ratio Ratio labour 

1. Food & Beverage Products 3,236 
207 
875 
193 
89al 

207 
746 

- 174,400 2.51 46,600 
63,000 
77,700 
10,900 
42,500 
15,800 

18jl555 
44,043 
47,043 

2. Tobacco Products 
3. Rubber & Plastic Prod. 
4. Leather Products 
5. Textile fYIills 
6. Knitting Mills . 
7. Clothing Mills 
8. Wood Industries 
9. Furniture Industries 

, 10. Paper & Allied Indust. 
11. Printing, Publishing 
12. Primary t"Jetals 
13. Metal Fabrieating 
14. Machinery ~1 
15. Transport Equipment 
16. Eleetrical Products 
17. Non-Metallie MineraIs 
18. Petroleum & Coal 
19. Chemicals & Chemical 
20. Miscellaneous Manuf. 

Total Manufacturing 

1 ,213 
4: 492 

1 ,966 
~, -;594 

1 ,972 
2,144 
1 ,732 
3,090 
1 ,872 

893 
264 

1 ,769 
724 

4,700 
18,600 
20,300 
49,500 
15,800 
73,300 
64,600 
30,600 
90,600 
44,900 
99,100 
90,600 
53,4ÔO 

125,600 
73,800 
36,100 
8,900 

40,300 
50,900 

26,078 1 ,665,800 

J .43 
1.65 
1 .·15 
2.36 
1.20 
0.41 
2.83 
0.86 
5.25 
1 .16 
4.78 
1.46 
1,02 
1.83 
1.18 
3.84 

18.75 
5.16 
0.94 

4,200 
53,204 
13,90P 

11 ~,900 
41,400 
95,200 
34,700 
33,100 
45,000 
30,000 
95,100 

556,200 
226,500 
13,400 

2.65 59,300 

9,507 
17,980 
13,101 
10,177 
18,777 
16,07B 
21,700 
35,501 

1'\a,900 
23,665 
32,435 
24,602 
25,366 
24,737 
29,663 
43,896 
14,224 

22,370 

SOURCES: Statistics Canada, Fixed Capital Flows ! Stocks, 13-211 
Gross Dofnestic Product .E1. Industry, 61-213 v---
Employment, Earnings and Hours, 72-002 \ 

Note 1: Direct labour is defined here as wage-earners or nOI"l-salaried 
employees. 
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are sensitive to fluctuations in the level of production. For example, 

variations in t,e capacity 

capital-o~tput ratio over time. 

utilization rate significantly affect the 

The measured capital-output ratios rise 

during recessions and fall during expansions. Since we are only intereste~ 

in cross-sectional differences in the capital-output ratio, the magnitude 

of errors from this source are likely to be sma~l to the extent that aIl 

industries are uniformly affected by fluctuations in the general level of 

business activity. The results presented in Tables 4-1 and 4-2 seem to 
1 

provide a reasonable view of structural patterns of capital use.in the 

Canadian economy. 

Tables 4-1 and 4-2 show that capital intensity, measured by either the 

K/Q or the KIL ratio, varies considerably among sectors and manufacturing 

industries. Measured in real 1971 dollars, the four most capital intensive 

sectors are p~peline 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 construction -', ($0.65), commercial and 
~ \ .., 

personal services ($0.85), retail and wholesale tradè' ($1 .06) and fInance, 

insurance and real estate ($1.26) 18 • For the manufacturing sector, the 

18 The curious ~esult that the construction sector's K!Q ratio is only 
$0.65 may have to do with the fact that a high propor:tion of equipment used 
in this sector is leased. One estimate by Koumanakos et al. (1983) places 
the proportion bf 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 stock statistics, the utilization of capital 
in co~struction may be substantiaily higher than the one measured here, 
while the corresponding figure for finance, insurance and re?l--estate, 
where Jeasing firms are classified, may be ~ower. The growing practice of 
leasing in recent years may introduce significant errors in the 
distribution of capltal investment and stock acros~ sectors, but weuld net 
affect the total for the economy. One~ estimate c;>f Kournanakos et al., . 
(1983) for 1979 places the capitalized value of equipmentleasingat $12.3 

-
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capital output ratio is estimated at $2.65. -

Although wide diversity in capital-output ratios is in evidence 

sectorially, it conceals an even greater diversity at a lower level of 

aggregation. Table 4-2 presents capital intensity"indicators across twenty 

major manufacturing industries. There capital intensity varies from a high 

of $18.75 in the petroleum and coal products industry, to a low of $0.41 in 

the clothing industry. An analysis of the .data shows that very wide 

diversities ~re also evident among s~industry groups which are not shawn. 

The four most capital intensive ma ufacturing industries are petroleum 

and coal products (capital-output ~~ ______ 5) , paper and allied 

industries ($5.25), chemicals and and primary . 
metals ($4.78). The four least capital intensive industries are clothing .. 
($0.41), furniture and fixtures' ($0.68), miscellaneous manufacturing 

($0.94) and machinery industries ($1.02)~ , 

The above figures provide strong evidenc8 of differences in th~ 
. 

structural composition or morphology of capital among ind~stries which 

validate our underlying assumption that the capital stock incorporates , 

structural patterns. To the extent that these structural patterns are 
\ -

linked to the pattern of iflvestment and especially ".eplacement" 

investment, far-reaching implications for the the ory of investment and 

replacement investment in particulqr are embedded in the composition,of 

câpital. , 

" 

billion for aIl industriest 
, ,,,J 

equivalent ta 5.1~ of gross book value of 
assets other than buildings. 

( 
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Tables 4-3 and 4-4 reveal another dimension of the structural 

composition of capital.-- Gross capital stock is pa~titioned into its three 

components: buildings, engineering structures and machinery' and equipment. 

The percentag~ sharel,out of total capital has been computed for each 
\ 

cQm~nent by sector and major manufacturing industry. 

In five sectors, there is no investment in engineering structu~es: 
• 

agriculture, highways, grain elevptors, finance, insurance and real,estate 

and commercial and personal services. Of the rest, the five sectors with 

the highest proportion of engineering capital are, respectively, water 

systems (95.8%), pipelines (87%), mining (69.7%), electric and gas 

utilities (68.2%) and rail transport (64.7%). The five sectors with the 

lowest propàrtion of engineering capital are, respectively, construction 

( 0.8%), air transport (1.5%), motÇlr transport ( 2 .6%), retail and wholesale. 

trade (3.6%) and agriculture, forestry and fishing (6.1%). 
'" "'-- '!' 

Turning to machinery and equipment, the following five sectors account , . 
for the highest proportions. 'They are, respective~, fishing (93.9%), air ( 

transport (83.9%). construction (80.4%), motor tr~nsport (75.6%) an~ ""-

commercial and personal ser~ices (7~~~%)., The flve\sectors Wit~ the lowest 

ptoportion of equipment expenaItures are, respJctivelY, water systems 
. 

(3.1%), pipelines (7.1%), finance, insurance and real estate (11.8%), 

highways (12.4%) and minin~ (19.9%). ) 

In the manufacturing sector, 60.2% of total capital stock consists of 
• 

machinery and equipment, 
, ~ 

26.6% of building capital while the rernaining 

10.3% is engineering capital. Within the manuf~cturing sector, as shawn in 

Table 4:4, one again observes substantial var~ation-in these shares among 
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TA8LE 4-3 

MORPHOLiv OF FIXED CAPITAL IN SELECTED SECT ORS OF 
CANADIAN ECONOMY, 1981, ,.. 

Buildings Engineering Machinery 
. as % of Structures & Equip. 

Gross Gross as % of as % of 
Capital Capital Gross Gross 

Sector Stock Stock Capital Capital 

.--' Millions 
1_971$ % ,% 

Agriculture 25,708 39.8 O .. D 60.2 
Forestry 2,220 6.7 58.7 34.6 
Fishing 849 0.0 6.1 93.9 
Agricul. Forest. & Fishing 28,777 36.0 4.8 59.2 
fYIining 37,253 10.4 69.7 19.9-
fYIanufacturing 69,176 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 64.7 29.7 
Water Transport 4,096 6.2 37.3 56.1 
Motar Transport: 1,814 20.2 2.5 75.6 -

Urban Transport 2,425 15.4 54.7 29.5 
Pipelines 7,172 O.~ 87.0 7.1 
Highways . 938 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 
El~& Gas utilities 53,587 1.8 68.2 29.9 
Wat ystems 4,461 1.2 95.8 3.1 
Re il Wholesale Trade 16,190 48.9 3.6 44.0 
Finance Insurance 20,177 88.2 0.0 11 .8 
Commercial Services 20,280 29.4 0.0 ' 70.6 

< 
SOURCE:, Statistics Canada, Fixed Capital Flows and Stocks, Annual Catalogue, 

,13-211 • 

/., .. 
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TABLE 4-4 

MORPHOLOGY OF FIXED CAPITAL IN CANADIAN MANUFACTURING 
SECTOR, 1981 

\ Gross " Buildings Engineering 
Capital as % of Struc~res 
Stoçk Gross as % r-

Manufacturing (Constant Capital Gross 
Industry 1971 $) Stock Capital 

1 • Foods & Beverage Products ) 8,124 35.3 1.1 
2. Tobacco Products 296 40.5 1.4 
3. Rubber & Plastics 1,445 31.8 1 .2 
4. Leather Products 222 52.7- 2.7 
5. Textile Mills 2,102 28.0 0.3 
6. Knitting Mills 249 16.1 0.0 
7. Clothing Mills 3D? 28.3 0.0 
8. Wood Industries 3,437- 22.2 1.r.4 
B. FUfniture Industries 425 40.0 .. 0.0 

10. Paper & Allied Industries 10,321 25.2 4.5 
11. Printing, Publishing, etc. 1,858 26.4 0.1 
12. Primary Metals 9,434 30.3 3.2 
13. Metal Fabricating 3,141 35.2 1.9 

_;14. Machinery 1,767 35.6 1.1 
15. Transport Equipment 5,648 27.4 3.5 
16. Electrical Products 2,210 30.3 1.4 
17. Non-Metallic Minerals 3,432 27.8 2.1 
18. Petroleum & Coal 4,950 3.2 79.8 
19. Chemicals & Chemical 9,128 21.0 18.5 
20. Miscellaneous Manuf. 682 - 42.4 2.0 

-Total Manufacturing 69,176 26.6 10.3 
\ -, 
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Machinery 
& Equip. 
as % of 
Gross 
Capital(1 ) 

61.4 
55.1 
63.3 

,42.3 
69.8 
81.2 
69.4 
69.7 
58.6 
66.9 
?1.5 
62.5 
60.3 
60.7 

-·66.1 
::: 65.9 

65.3 
16.2 
57.1 

, 52.8 

60.2 

SOURCE: Statistics Canada, Fixed Capital Flows and Stocks, 1984 (Annual 
Catalogue 13-211). 

Note 1: Perce~tages do not add-up to 100% due to "capital items changes to 
operating axpenses"; they-range between 0.8 and 4.8%. 

" " ' 
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industries. Five industriès employ virtual~y no engineering capl al: . -. 
textile 'and knitting mills, clothing, furniture and P1inting 

1> 

publishing. The f8UT industries with the highest proportion of engineering 
p 

capital are, respectively, petroleum and coal products (79.8%), chemicals 

and chem~cal products (18.5%), paper and allied industries (4.5%) and wood 

industries (4.4%). The four industries with the lowest proportions are 

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 alli~d products 
, 

(66.9%). The five industries with the lowest proportion of equipment 

capital are petroleum and- coal products (16.2%}, leather praducts (42.3%), 

miscellaneaus manufacturing (52.8%), tobacca products (55.1%) and chemicals 

and chemical praducts (57.1%). 

The picture that emergès from these tables is the e,xtel'lsive diversity ti

"in bath the amount of capital and the ~ of capital employed across 
c., 

1 

industrial sestors of the economy. As we show in the next chapter, the 

morphology of capital is of-essence in the understanding of the investment 

- -----~-
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7. Purpose of Business Investment 

The customary approach in economic the~r~ has been to distinguis~ 
between net or expansion investment and replacement investment. One 

compone nt expands production capacity while the ot~r ~aintains intact the 

production capacity in the face of wear, tear and obsolescence. This two-

fold categorizatian of investment i5 conceptually appealing and deeply 

entrenched. In practice, however, the world daes nat fit neatly into this 

_categorization. If one approaches the issue inductively through 

observation of the real world of economics, rather than deauctively as i5 

prevalent, one finds that, fi~ms inve5t for a variety of purposes, so the 

distinction between expansion and replacement i5 not always operatianally 

valid and is indeed subject to a number of limitat' ns. If the 

pronouncements of firms concerning their objec lves are ta be believed, 

firms are motivated by a variety of factors in their capital investment 

decisions. Firms incur capital expenditures nat only ta expand or sustain 

~apacity, but to improve profitability, withstand competition, improve 

growth prospects, intraduce new praducts",.....modify, or improve" exisfing 

pro;lucts, retool for the production of new models, improve pollution 

emissions into the environment and improve the - guality of the work 

environment especially occupational health and safety. Thus, when firms 
~ 

invest, it is not always to add or sustain existing production ~apacity but 

also to alter the structure of fixed capital assets and achieve these other 

obj~CtiVllS. ) 

What ~akes the foregoing more interesting is the fact that in practice 

<1~" 
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it is not always possible ta distinguish betw~en e~pansion' 'and other 

objectives due to overlapping. A pulp and paper producer for example, may 

dècide ta modernize outdated equipment partly to reduce water pollution in 

a tourist are~~ partI y to substantially improve labour productivity, partI y 

ta achieve some expansion of i ts productidn capaci ty. The weight given to 

these various factors is a matter of judgment. Here, we are not dealing 

with a simple set of mutually-exclusive alternatives but with mutually-

inclusive arrays of alternatives which are combined and yielb composite 

outcomes. When one approaches the matter inductively from field 
Q 

observations one does not find Just a "black or whi té" distinction but many 

shades of different and interesting colours. 

In this section we present data on fixed capital ex~enditure~ by 
~" 

purpose. In 1977 the Canadian Department of Regional Industrial Expqnsion 

(ORlE) began a systematic classlfication of capital expenditures by purpose 

as part of its bi-annual Survey ~f Capital lnvestment Intentions and 

Outlaxs. 
i 

This was not the first time this was done. The Economie Council 

of Canada has recognized this issue in some of its work, for example in its 

now discontinued Medium Tèrm· Capital Investment Survey., The Economies 

Department of McGraw-Hil~ has collected information on expansion versus 

modernization investment since 1950, and information on expenditures 

devoted ta automation since 1955 in-its well-known Spring and Fall Surveys 

of Business Plans for New Plants and Eguipment. Although McGraw-Hill's 

data are the oldest, the,survey of ORlE provides a broader classification 

, 
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In European countries the classification of 

investment by pyrpose is more common practice, especially in Sweden, France 
( f • 

ar.ld Germany\. ' This long-established practiee by prestigious institutes sueh 
• 

as the IFO Institute for Economie and Business Research ,in the Federal 

Re~~blic'Ofi Germany 

var~ous pur oses of 

effects. 

testify ta the validity of distinguishing among the 

capital outlays with their different motivations and 

Tables 4-5 ta 4-8 provide a rare, at least for Canada, perspective on 
,. 

the purposes for whieh firms commit capital expendttures. Broadly speaking 

the se purposes fall'into th~ee categories: (a) capital investment whieh 

does not entail an expansion of capaeity (research and development capital 

expenditures; pollution abatement expenditures and work environment related 

expenditures); (b) capital investment whose primary purpose is an expahsion 

of facilities (expansion faeilities at existing sites and expansion of 

facilities at new sites or greenfield expansion) and (c) capital investment 

whose primary ~urpose is upg~ading and replacement of existing facilities. 

It should be remembered that expansion at existing sites and up-gradlng and 

replacement a1ways leads ta some--often considerable--expansion of capacity 
c), 

while expansion usually entails sorne degree of up-grading and replacement. 

In practice a pure distinction between the two is untenable. 

Table 4-5 indicat~s that over the 1977-86 period 32.5% of total 

spending was aevoted to expansion of facilities at existin~sites; 33% ta 

expansion at new sites; 19% ta up-gradlng and modernizat~n; 4% ta research 

see any ORlE April and October 
(ORlE, Ottawa). Also, see Chinfen 

" 

• 
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Resrch. & DEjvel. 

Pollo Abate. 

Work. ~nviron. 

Exp. of Facil. 
Existing Sites 

~ 

TABLE 4-5 

CAPITAL EXPENDITURES J SV PURPOSE: CA~ADAt 1977-1985 
(Percentage Distribution of Total) 

"" 

"1977 1978 1979 1980 1981 1982 

0.7 1.1 0.8 0.8 0.8 1 .1 
, 

2.3 2.3 2.8 1.8 1.6 1.8 

0.5 0.7 0.6 0.6 0.7 0'.6 
ft" 

~26.8 30.7 28.9 30.3 42.2 35.7 

1 983 1 984 1 985* 

1.2 1.5 1.3 

2.0 1.4 1.7 

'b.6 0.7 0.7 

34.8 35.1 34.0 
... 
Upgr. & Replac. 
of Exist. ,Facil. 16.8 21.2, 17.6 17.6, 17.2 16.4 19.5 22.2 24.2' -

1 

Exp. of F acil. ' 
34.5 J New Sites' 47.6 29.1 40.1 35.8 26.6 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 qn retooling and_plant conversions, among others • . \ 

SOURCE: ORlE,. Business Capital InvestlT1ent; IrltE!DtiClns Surveys, April 1978 ta April 1985 
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and'development. pollution 'abat~t ~ork environ~nt. 
- to purposes other than the aboVè!~ertaln trends over the 

11 % was devoted 

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 aIl tended to rise • 
. 

Table,4-6 provides similar information. Here, a different pattern is 

work. The expan~ion share of c~pital spending in the manufacturing at 

se~tdr is significantly lower when compared to the economy i~ general. It 
. 

ayerages 43% over the period versus 65.5% for the economy in general 
'\ 

(manufacturing plus non-manufacturing). Thé" share of up-gtading and 

replacement on the other hand is substantially higher for manufacturing. 

It averaged 36% as compared ta 19% for aIl sectorsA The same ois true for 
) , ,-

1 the other shares: research and development, pollution abatement and working 

environment spending is B% while investment for aIl other purposes is 13% 

of the total manufaC~ring 

exhibits different 

capital spendlng. Clearly, the manufacturing 

. sector structural- characteristics as compared to 

non-manufacturing. This result serves to reinforce our earUer 

conclusions. l 
Another interesting pattern clearly evident over ~ period 1977-19B6 

0, 

is that the share of expansion investment has been rapidly diminishing 

~ (from 54,9% in 1977 ta 24.8% in 1985), while the up-grading and replacement 
o 

share has been rising (from 27.4% ta 43.7%). The share of investment for 

aIl other purposes has also been rising (from 17.7% to 31.5%). 
,( 

This new 

evident;e is entirely consistent with that presented~ earliër, namely, ,that 

manufacturing investment has lagged in relation .to that of- other sectors; , 
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TABLE 4-6 
\ 

CAPITAL EXPENOITURE SHARES IN CANADIAN MANUFACTURING, SV PURPOSE: 1977-1985 
(Percentage Oistributièn of Total) 

~ 

1977 1978 1979 1980 1981 1982 1983· 1984 1985* 

\j 

Resrch • .& Oevel. 1.3 1.4 1.4 1 .3 "'.- 1 .3 2.2 4.4 6.4 4.2 

Pollo Abate. 6.5 4.9 
~ 

3.7 3.8 4.4 5.3 i:s- 1.9 1.8 

Work. Environ. 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 33.9 36.3 26.7 24.9 27.2 19.8 

~ 

Upgr. & Replac. 
of Exist. Facil. 27.4 31.0 36.3 31.4 33.5 36.7 38.8 44.9 43.7 

~ 

Exp. of Facil. l'''-J 
New Sites 21.8 11.6 12.9 18.1 14.1 15.3 6.3 3.9 5.0 

.Other \ B.B 11.6 11.4 1D.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 19B5 only are intentions as of April, 1985 

SOURCE: ORlE, Business Capital InvestJllent 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 equipme~t to plant 

expend~tures has been higher than that of other sectors ~ rising over the 

periode For example, the share of greenfield expansion has dropped from 

21 .8% in 1977 to 5.0% 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 fall 

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 

outlays are dominated by 

can- be accounted for by the fact that investment 
l'~ 

nfajor greenfield projet:ts of electricity and gas 
" 

utilities and of firms in th~ petroleum production,and distribution sector. 

For example, ·electric utilities typically de vote about two-thirds of their 

total capital spending to greenfield expansion projects while in the oil. 

and gas secto! the ratio is about 50% as described by 8yleveld (1981) for 

example. 

The above data reveal that there is a major structural change in 

progress in tDe Canadian manufacturing sector. New-site expansion proJects 

are declining in favaur ,of on-site expansion and modernization. Industry 

specialists attribute this switch in the orientation of fixed~investment ta 

two factors. 'The first of these is that spending on advanced equipment and 

the modernization of existing equipment maIre 1 t possible to achif:ve higher 
,t. ' , 

• production within the same or even smaller factory space. The aut~mobile 

and pulp and paper industries are a case in point. 'In 1980, the forest 

1 
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products industry in Canada devoted as much as 70% of its capital program 

to modernization and, /r,ep1acement of facili ties and less than 15% to 

expansion. The chemical industry on the other hand requiFes new sites in 
• 

search of burgeoning markets or to be closer to feedstock but neverthe1ess, 

prefers ta maintain an existing site 50 long as it is possible 'to expand 

capacity there by widening bottlenéëks in an often continuous production 

process. The second factor has to do with the spreading use of Ne 

(numerically controlled), and CNC (computer numerically controlled) 

equipment, the spread of computer-aided design and engineering, 

computer-aided flexible manufacturing systems and the 
" 

introduction of 

robots in the automobile and other industries as described for example by 

Byleveld (1981), ~cGraw-Hill (1982), Statistics Canada (1984), Canadian 

Manufacturers' Association (1982,1984), 5chnorbus (1985), Time (1980) and 

Busfness Week (1986 a,b). 

Table 4-7 provides a more detailed breakdown by major industry group 

of trends in the composttion of capital spending in the manufactu;ing 

sector. 8etween 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 rose from 40.9% 

to 67.5% of total spending20 The forest products industries and the 
" 

transportation equipment industries have the ~ighest share of non-expansion 

investments. 'Of interest is the very high proportion of "other" investment 

. , 

20 "Other" spending excludes spending on R&O, pollution abatement and 
work environment. It groups aIl other miscellaneous purposes of investment 
spending and includes spending on special tools like dies used in the 
automotive sector. 

o 
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TABLE 4-7 • 
CAPITAL EXPENDITURES IN CANADIAN MANUFACTURING, 8Y PURPOSE & INOUSTRY: 1977 & 1985 

1977 1985 

----------------------------------------------------~-------------~-

Industr] 

Food & 8everage 
,,-

Forest Products 

Primary Metals 

Chemicals 

Transportation Equipment. 

Other Manufacturing 

Total Manufacturing 

Capital* 
Expenditures 

172.1 

644.9 

563.0 

426.4 

343.9 

413.9 

2,564.2 

* In millions of current dollars 

% Share 
Expansion 

47.0 

37.3 

~3.0 

73.4 

40.0 

49.6 

;50.0 

% Share % Share 
Upgrading Other** 

48.3 0.0 

43.4 - 0.9 

13.6 12.2 

14.7 7.1 

20.2 35.4 

32.1 10.4 

32.9 8.0 

Capital 
Expenditures 

53.1 

1,066.7 

1 ,132.6 

420.9 

1,256.9 

1,035.5 

5,443.7 

** Represents capital spending for purposes other than expan~ion, upgrad!ng, R&O, Pollution 
Includes re-tooling & plant conversions. 

SOURCE: ORlE, Business Capital Investment Intentions Surveys, April 1978 and April 1985. 

" 

% Share 
Expansion 

33.3 

15.9 

38.9 

42.3 

8.6 

- 25.7 

24.6 

,.; 

% Share % Share
Upgrading Other** 

58.0 2.0 

64.4 16.5 
ri 
' ,i4.0 5.9 

44.9 3.6 

19.2 59.5 

46.9 11.7 

44.3 23.2 

Aba~ and Work Environment. 
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in the transportation equipment s~ctor (35.4% in 1977 and 69.5% in 1985). 

These are expenditures directly linkèd ta model change-over in the 

automobile industry and are incurred ta adapt production facilities ta the 
• 

production of new models. Table 4-8 translates these shares ta capital 

'expendit4re'figures to reveal the magnitude in current dollar terms of 

inves€ment for purposes other than expansion. Thus., the expansion share is 

relatively small and of , decreasing importance in recent years while the 

remaining expenditures--given their extremely high magnitude--could not 

possiblya11 be accounted by pure "replacements". C1early, a major 

ro ortion of is incurred for es other than ure 

expansion or pure replacement. 

In 1983, the Canadian Manufactureis' Association undertoo~ a special 

'survey o~ its members to gauge reactions ~o fiscal measures enacted in ~he. 

November, 1981 Budget. 394 firms participated in the survey. ,Their 

... 

responses are instructive of the shift in corporate investment objectives "1-
currently in process. The fol'îowing" quotations are from a letter of the 

CMA addressed ta the then Minister of Finance, the Honourrble Marc Lalande: 
() _\ .P§; 

~lf' 
"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 
machinery and equipment, while $2.5 billion was invested in buildings. 
From our· survey results, extended ta the total manufacturing sector, 
plans for -1985 show an even greater emphasis on machinery and 
equipment compar~d ta buildi~gs. The investment foc us is obviausly on 
productivity and new and improved products and proce~ses. 

-Gl€srly this is an important consideration when viewing the 
relationship between manufacturing capacity' utilization ,and 
investment. Indeed, it 1s because considerable manuf~cturing capacity 

'remains idle that investment in modern machinery becomes so very 
important. Manufacturers can only maintain existing jobs, and crea te 
new ones, if they are able to put in place best-practice, state-of-

~' 
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the-aft equipment to keep pace wi th competition thraughout the war Id. " 

To emphasize these points, subjective comments on the survey by CMA 

members included in the letter were the fallawing: 

-
1. "We àre like many other market sectars 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 reces5ionary periad, were ta 
increase prod~tivity." 

, 
2. "Capi tal investment in our business is made in arder ta keep pace 

Wl,. th competition thraughout the war Id. It must be made in arder 
ta improve productivity, enhance quality and maintain 
competitiveness. Capital investment i5 absolutely necessary if we 
are ta survive in the long-terme tt 

3. "We 're embarking on twa pro jects even thaugh we are currenti y 
aperating well below full capaci ty. Manufacturers cannat merely . 
wrj,ng their hands and worry about idle capacity. They must do 
whatever i5 necessary ta fill their plants and frequently this 
will mean new products and investment in ~dditional capital 
equipment. tt ~. 

\ 



- -
'_.JI' 

1 
~ Il 
~ 

t 
1 
1 

.. 
1 

i 
1 
f 
i 
1 
! 
! 
L. 

t 

, 

APPENDIX TQ CHAPTER FOUR 
. - . 

. CAPITAL STOCK MEASUREMENT: 
ASSUMPTIONS, METHODS AND 

ISSUES 
"" 

)-. 

.. 
--
. 

~ 

, .' 



154 

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 fi~m, industry and 
.. 

~~gate level. It is also used in growth models and is--used to estimate 

~hangeS in prod1ctivityo Further, it i5 used to measure both capacity 

t OI' tO t> d u ~ lza ~on ~ total capacity as weIl as being extensively used in the 

theory of investment. Most empirical formulations of the investment demand 

function rel y on al ternati ve versions of a" cppi tal stock ad justment" 

model. The quality, and perhaps the validity, of much of ou~ empirical and 

theoretical results must therefore depend on the quality'of our measures of 
r 

the real stock of capital. It is thus important that we critically examine 

the nature of the assumptions and measu~ement procedures which underlie our 
_l 

measures of real capital stpck. 
1 

Most countries in the world measure their stock of fixed capital 

1 as sets • In the United States and Canada, such measurements have been 

undertaken by public 

. t· t 2 ~nves ~ga ors • 

8S weIl as by a number of private 

responsible for sUGh measurement are the 

Bureau of Economie Analysi (BEA) in the United States and Statistics 

, 1 

2 private studies in the U.S.A. are Boddy and Gort (1973, 
1974); hristensen and Jorgenson (1973); Caen (19BO); Vreamer (1961); 
Denison (1957, 1974); Jack Faucett Associates Inc. (1973, 1975); Goldsmith 
(1962); Hickman (1965); Kendrick (1976 a,b) and Tice (1967). AlI of these 
studies utilize variants of the "perpetuaI inventory" method_. For brief 

. descriptions of thèm see Young and Musgrave __ ( 1980)"_ In Canada, Hood and 
Scott (1957 t and Li thwick ( 1963) have undertaken measurement of 0 •• 1 
stock. ' 
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Canada3• The most widel y used method of measurement of capital stock is 

known as the "perpetua'll inventory" method, developed by Goldsmith (1951). 

This is the method utilised by both BEA and Statistics Canada. 

The "perpetuaI inventory" method uses data on gross investment over a 

period of many years alang with ,estimates of service li]8s--the 
f; 

penod of 

years over which an asset is expected to yield productive services--to 

calculate the gross stock of capital. Gross stocks at the beginning of any 

year are obtained by cumulating gross investment in prior years and 

subtracting from this accumulation the gross investment in those assets 

that have completed' their useful lives and are deemed ta hav9 been 

discarded or withdrawn. Depreciation charges are derived by applying a 

depreciation rate to g~oss stock. Net investment is equal to the gross 

investment for the period minus the amount of depreciation for the periode 
r 

Net Eapital stock for a period is the difference between cumulated gross 

investme~ and cumulated depreciation on that gross investment. By 

.~ applying an investment goods priee index over the -period spanning the .... 
accumulation 'of gross investment o~.e deri ves a constant doll~r measure of 

4 both,gross and net capital stock. 

3 The BEA estimates are published periodically in the U.S. Department 
of Commerce Surve of Current Business. See Musgrave (1976), Grosse. 
Rottenberg and Wasson 1966 and BfA' . 1 967 ~ 1969). The Statistics Canada 
(1967) estimates can be 'found in Fixed Capital Flows and Stocks, 
Manufacturin Canada 1926-1960 - Methodolo and Stafistical Su lement 

two volumes, satalogue No. 13-522; Fixed Capital Flows and Stocks, 1926-
1.[Z!!, catalogue No. 13-568 and dnnual catalogues 13-211. For es'timates of 
Canada's capital stock utilizing alternative assumptions, see Koumanakos 
,( 1980) . _ 

,: , 

(l 

4 For detailed descriptions of the measurement process accarding to'~ 
the "perpetual inventory" metho2' see Young and Musgrave (1980) and
Statistics Canada Catalogues 1 3-211 and 1 3-522. , 

1( 
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As can be seen from the above description, the "perpetu!'il inventory" 

method does not take inventories of capital ~tock at the end of period t 

and" at the end of period t-1 ta- compare them as is the standard accounting 

, procedure for stocks of fini shed or unfinished goods. ~lassification, and 

valuation problems make this approach_Difficult, aside from the potentially 

high cost of conducting an~ual 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 precêeding year. The advantage 

of this procedure is that it never fails to yield estimates of capital 

stock, year after year. The disadvantage is that errors in the estimation 

of any particular year's increment in capital stock reverberate throughout 

the capital stock time series. In the abse_Gce of any periodic c~ecks, 

there is no way of knowing the extent to which our estimate of capital 
, 

stock may have deviated away from actual values. Alternatives to the 

"perpetuaI inventory" metho~ are an nuaI sûr veys of physical assets, surveys 

of bàok values and surveys of i~sured values. 
'\ 

Now, let us examine the variablès usèd or implied in the calculation 

of gross capital stock according to the "perpetual inventory" method. They 

include (a) hiptorical time serie~ of current dollar gross investment by 

type of ~nvestment (usually machinery and eq~ipment and buildings and 

structures); (b) priee indexes pertaining ta the types of investment; (c) 
~ 

data on the "average economic life" af capital goods, that is the length of 

time which, on ave~ageJ simi~r capital goads ~emain in useful economic 

service before discarding or scrapping occurs; Cd) an assumption.r~garding 

the retirement pattern of discarded capi~l - 900~S; <el an a$sumption 
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regarding the pattern in which capital goods~preciate; 
j"'-. .. 

(f) an as!umption 

regarding quality change in the stock of capital goods over time and (g) 

the method used in the valuation-of capital goods. 

.. 
2. Service Lives 

Data for the average length of time that a given type of asset remains 

in use in a given industry are crucial in the determination of the capital 
l" 

stock. Clearly, shorter service lives result in a smaller estimate of 

capital stock than longer service lives. Data on service lives used in the 

calculation of both the United states and Canadian capital stock data are 

mainly based on the U.S.A. Treasury Department's Bulletin "F" Tables, 

issued in 19425• These data have been·~ supplemented to a minor ' extent by 
I.l 

Depar'tment of A~riculture actuarial studies in the U.S.A. and by the data 

from the Department of Trade and 'Commerce in 
-6 

Canada • The Bulletin "Fil 
~ 

estimates,of average service lives are not based on a census or survey type 
il 

in~e5tigation. Rather, they reflect the Treasury Department's perception 
"'')..--c-- ~ 

5' ~ \ 
United States Department of Treasury (1942), Bulletin "F" Tables of 

U efui Lives of De reciable Pro ert, Washington, D.C., U.5. Government 
Printing Office. In 1962, -the Treasury Department issued revised 
guidelines which ailowed service live~ 30% ta 40% shorter than those used 
under Bulletin "F".. See U. S. Department of Treasury (1962) Depreciation: 
Guidelines and Rules, Publication No. 456, U.S. Government Printing Office. 

b 
6 See Department of Trade and Commerce (1949), A Study.of DepreciatioQ 

of Mach~ery a~d Eguipment Containing Estimates of Value of Domestit 
Disappearance and Ave~age Life Expectancy, Ottawa, Queen's Printer. This 
report provides ranges of lives and median lives for a large number of 
'capital goods in Canada. . ::. ~ 

.. 
) 

" , 
, ' 

, . 
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of service lives based on taxation data supplied to them by corporations. 

As Terborgh J1954, p. 15) reports, "not uncommonly the final determination 

has be~n the result simply of 'horse trading' between the taxpayer and the 

Treasury, often in deals involviQg issues other than depreciation Fates"7 

According to one assessment of the Treasury Oepartment's service life 

estimates, the- 1942 Bulletin "F" 
A) 

lives were longer than those used in 

practice whereas the 1962 revised guidelines were shorter than those used 

in praét.ice8• Ar 

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 ured to assess them9• In aedition, 
) ')0 

service lives may be influenced by economic, political or technological 

~factors. For example, during' wars or other~periods of high capacity 

utilization, capital goods may continue in'use beyond t~eir normal average 

lives. The average length of life may also chan~e bec\use of changes in v 

• -technology such as ~rocess . innova~l~~, 

composition of assets10 Ther~ fs littl~ 
~ 

~ changes over time i~ the 

" ~~t" h . t" 1nTprm~ lon on canges over 1me 

in th~ average • service lives of individu~l assets11 • Table 4A-1 presents 
(:, 

. 7 For an account of tHe history leading to the ~evelppment of t~se 
guidelin'es ~e Terborgh (1954) ": '\ 

~ Statistics Canada (1987),/Catalogue 13-522 p. 87. 
; (& 

9 ~ 
Japàn is the only OECO-member country to conduct. large-scale asset 

1 

surveys to establish service lives. Such surveys, however, are standarJ 
3~ct~ce in t:asterll Euro'pé. . 

10 Tenglad,' A. ~nd N! Wester lund (1976). 

1 ~ OEGO (-1983) provides sorne evidence of a shortening in recent years 
in the -average li fe 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

1 
presents one of'a number o~ 

alternative sets of assumptions derived from the Treasury Oepartment's 

Bulletin "F" in the United States. 

The tables show that the ..;:;d.;:;a.,;;.;ta=:--..;o:;;.;n~;.;;.=..,;;.;.;:;.;:;.;;.......;;l;;.:i::.;v;.;;e;.;;;s....;;;.u.;;.se.;;.d;;...._t_o~e..;;s_t;.;;;i __ m_at_e~o ...... r 

capital stock are not based on empirical'facts ~ to"the extent that theY 

are approximations of actual lives, they are based on actual 0Dnditions of 

the 19405 and 19505, whlch may not adeq\Jately reprBsen~ Canadial! reality .. '~n 

the '19705 and 19éiOs. Statistics Canada, offêrs the f.ol'lowing assessment of 

't '1' f t' t 12 1 S own serVlce 1 e 'es 1ma es : , 

" 
"Th,e weakest link ln the set of capital stock estimates '.' are thé 
estimates of '~verage economic lives' of the vario~s types of. capital 
goods·... The life data used in this report must be regarded as very 
imperfect ••• (and) must be regarded wi th skepticism." 

* Therefore, given that the size of the cap~tal stock de pends directly 
• 

on th'e 
, . 

serV1ce life assumptions, the same skepticism inevitably should 

carxy over ta the quallty of' our capital stock estimates. 
1 

Given this inadèqu.acy~ 't;he BEA and Statistics Canada have produced 

alternative estimates of capita! stock based on alternative assumptions ~ 
"< . 

regarding useful l , 13 1ves • Table 4A-3-~shoW5 the impact on ' the !ev~ of 

capital stock of the different ass~ptions. 
1 

It revea!s that a 1 % chqnge ~n 

the average service life is associated with roughly a 0.40 ta 0.45% . ' . 
capital stock, which measurEbs of 

f 
indicates that our in the level of 

12 Statistics Canada (1967), pp. S7 and B9. 

\ 13 See Grosse, Rottenberg and Wasson (1966), Musgra~e (1976r for the 
~~S.A. âhd Statistics Canada (1967). 

') 
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TABLE l4A-1 

ESTIMATES OF AVE~AGE SERVICE LIFE OF FIXEO CAPITAL GOOOS: 

Il 

- Industry 
, 

(2-digit-S.I .C.) 
1 
l' 

1> 

1. Food & Beverages 
2. Tobaeco Products 
3.-Rubber & Plastic Prods. .. 
4. Leather Products 
5. Textiles 
6. Knitting Mills 
7. -Clotlimg-
B. Wood 'Jilroducts 
9. Furniture & Fixtures 

10. Paper & Allied Products 
11. ~rinting & Publishing 
12. Primary Metals • 
13. Metal Fabrièating 
1 4. * Machinery 

MANUFACTWRING, CANADA 

(in year~) 

Plant 

Building Engineering 
Construction Structures 

50 55 
50 55 
50 65 
50 55 
45 50 
45 50 
30 
30 35 

~ 30 35 
50 55 
50 55 
45 50 
45 50 
45 50 

15. Trans~ortation Equipment, 40 45 
16. Eleefrical Products 40 45 
1 7. Non,-Metallic MineraIs 35- 40 
18. Petroleums & Goal 35 a 19. Chemicals & Chemical 50~ 
20. Miscellaneous Mfg. 30 

k 

>\ 
Equipment Capital 

Items 
Charged to 

Machim3ry Operating 
& Equip. Expenses 

2g 5 
15 5 
15 5 
15 ·5 

. 26 5 
26 5 
21 5 
26 5 
26 5 
22, 5 

J 30 5 
22 5 .., 21 5 
21 5 
30 5 
22 5 
26 5 
26 5 
22 5 

. 13 5 
" 

, 

.... 
Source: Statistics Canada (1967) Fixed Capital Flows and Stocks, 

Manutacturing, Canada, 1926-1960, Methodology and Statisticab 
Supplement, 2 volms., Catalog~e 13-522, Decasional, Ottawa. 

f 

", 
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TABLE 4A-2 

ESTIM~TES OF AVERAGE SERVICE LIFE OF FIXEO CAPITAL GOGOS: 
MANUFACTURING, U.S.A~* 

(in years) 

Major Industry 
(2-digit S.I.C.) Plant 

1. Food & Kindred Products 50 

2. Textiles & Products .50 

3. Leather & Products 50 

'" 4. Rubber Products 50 

5. Forest Products 50 

S. Paper, Pulp & pt:Q~cts 50 .-

7. Printing & Publishing 50 

8. Chemicals & Products 50 , 

9. Petroleum Refinery 50 
h 

10. Stor:e , Clay & Glass Prad. 50 

11 • Iron & Steel Praducts 50 
. 

12. Machinery 50 

13. Non-F errous Metais 50 

14. Transportation Equipment 50 
, 

15. Miscellaneous 50 

SOURCE: Statistic$ Canada (1Q57). 

- . ~ 

Equipment 

, 

15 

22 
, 

1'5 

12 

~ 20 

18 

1 14 

19 

15 

15 

17 

18 

22 

15 

18 

* Oeriv~d from Bulletin "F" and used by C~eamer et al. (1960). 
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Table 4A-3 

SENSITIVITY OF fIXED CAP ITAL. STOCK ESTIMATES TD DIFFERENT 
ASSUMPTIONS REGAROING AVERAGE SERVICE LIVtS: 

MANUFACTURING, MACHINERY & EQUIPMENT, 1960 

\ 

Average Service Life Capital Stock Measure Sensitivity 

L = Years In millions 1949 Dollats 

A1: L = 27.85 
'A2: L ='23.3 
A4: L = 18.8 
A5: L = 14.1 

8,100 
7,556 
6,763 
6~036 

dKjdL • L/K 

0.39 
0.51 
0.40 
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Source: Statistics Canada (1967), Fixed Capital Flows and Stocks, 
Occasipnal Catalogue 13 -522, Ottawa, pp. '108 & 132 • 

• 
level of capital stock are possibly .quite sensitive ta alternative 

aS,sumptions regarding serv ice lives. 
, . 

Table,4A-4 presènts similar results for the United states. ~ére the 

sensitivity of g;ross capital s'tock is ", 
change in the average service life. 

between 0.6 and 0.65% for each 1% 
~ 

Shorter service life assumptions 

reduce the size of the estimated capital stock while increasing the size of 

capi~al cansumption. 
4. 

Similar results have been produced for the United 

Kï~gdom by Hibbert et al. (4977). In Table 4A-5, we present findings by 

this' author regarding the 1 iml9act on estimates of capital stock and 
, 

consumRtion of a gradual shortening in the length of life °of assets over 

time. If the average length of li fa of ass!3ts has been shrlnking in the 

. , 

I( 

l' 
1 
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TABLE 4A-4 

\ 
, 

IMPACT ON CAPITAL 5TOÇK MEASURES OF DIFFERENT ASSUMPTIONS REGARDING 
LENGTH OF SERVICE LIVES: NON-RESIOENTIAL CAPITAL STOCK, 1970, U.S.A. • 

(Billions of U.S. Dollars) 

Service Life Gross Capital Net Capital Capital 
Assumptions Stock Stock Consumption 

Long Lives (1) 1,4B5 875 ' 68 
Standard Lives (2) 1,339 785 '71 
Short Lives (3) 1,235 719 , 74 

163 

Source: Musgrave, J • C. (1976) "Fixed Non-Residential Business and 
Residential Capital in the United States, 1925-1975", Survey of 
Current 8~ness, vol. 56, No. 4 (April). 

1. Long lives refers ta 100% of Bulletin "F" service lives. 

2. Standard lives refers ta 85% of Bulletin "F" seIvice lives. 

3. Short lives refers ta 75% of Bulletin "F" service lives . 

.. 

\ ~ 
\, . 

? ~ 
• 

______ ~! ___ b ____________________________________ ~r 

. - -~ -

", 
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TABLE 4A-5 ' 

IMPACT ON CAPITAL 'STOCK MEASURES OF CHANGE OVER TIME 
IN AVERAGE SERVICE LIVES: 

CHEMICAL AND ALLIED PRODUCTS INOUSTRY, U.K. 

1 

. Grass Net Capital 
Assumptians ~""\. "Capital Capital Cansumptian 

Service lives fall fram 
37 ta 30 years between (f -2.7%* -8.9% +19.5% 
1947 antl 1973 

-

Service live~ fall fram ~ 
~ 

,,37 ta 22 years between -6.5% -19.2% +43.710 
1947 and 1,973 -

, 

SOURCE: Hibbert et al. (1977) ... 

164 

*Percent changes r'8fer ta ~eductions (-) or in'creases ( +) over the 1973 
actual estimates of capital stock. 

• 
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post-war ~erio~ then there are significant implications for our meèsures of 

capital stock and tapital consumption. In "particular, Table 4A-S clearly 

suggests that failure to incorporate lower ~ervice lives in our 

calculations may produce substantial errors in our measures of gross and 

net capital stock and, especial~y, in our measures of capital c2rnsumption. 

\ ~ -3. Retirement Patterns 

~ .. .. 
Service lives refer ta aver~ges. Underlying the average service life 

of a given type or group of assets is a distr ibution of retirements knawn -

. 
. 
" 

as mortality - di"stribution. Far example, a piece of fixed capj.tal has;;X; . 
) - , 1 

average useful life of 10 years. What proportion of this type of aSêet is , .' 
retired at the 1 Ott! year/ what portion pdor to the 10th yea,r and what 

portion after? Our knowledge on the actual' ~~tirement patte~~s for 

different types of assets is rather seant. The principal émpirical studies 
'! , , , 

in this area are by Kurtz (1930), Winfrey and Kurtz. (1931), Winfrey (1935) 

and Russo and Cowles (19B1). Due ta lack of extens~ve empiiicai data an 

actual patterns~ a number ~f alternative assump~ions 

14 been emplâ~d to derive' estimates of capital .stock " 

\ l't 

of r1etirement haw 
\ 

Figure 4A-1 shows standard typical mortality and survival functions 

. underlying the various retir~ment p~tterns used in the 'estimqtion of 
W -c_ 7 

. /capital stàëk. The mortality functii:ms, in the first ·column,. show ra"tes of 

? 
"-ft 

14 See 'OECO (1983), Koumanakos (1980), Grosse, Rottenberg and Wasson 
(1 965) and Musgrave (1976). ~ 
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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 y~ar: they are essentially 

probability dens,ity functions with tlie area un der . each . curve e~ to 

unity. The survival functions, in the second column, show the proportion 

of the original members of the group of as sets which are still in service 

~ at each point during the lifetime of the longest-lived member of the group. 
( 

With the linear or straight-line pattern, assets are assumed to be 

disëarded at the same amou~t each year from the tirne of installation until 

twice the average service life (2L). The mortality function is a re~ 
( whose height--the rate of retirement or depr~iation (6)--is ~L where L is 

the average service life. The survival function shows that the surviving 

assets are reduced by a~onstant amount each year, equal to 50%/L of the 
.; 

original group of assets. With the alternative sudden exit ~attern, also 
1 ., 

knowr as o~-shay, as sets are assumed to bel retired aIl at once, 

specifically at the marnent they reach the average service l~fe far the type 

concerned. The survival function therefore shows that v aIl assets of a 
" 

g~ven "type remain in the stock until time L, at which point they are 

ret~ed simultaneously. With the exponential pattern, assets are~assumed 

to be di~carded at the same rate each ye~r from the time of installation 

ùn;l infinity. The mortality function is a geometric distribution, -, , 
'-

t§;" 

whe eby the rate of retirements is very large at first but declines at a 

dècr asing rate over time. Far the survival function, assets decline 

rapid y at first but this rate diminishes over time. 

W'th' the bell-shêped pattern, the retirement pattern of assets is 
" 

assumed\to be a bell-shaped density distribution with the mean at or close 
• 0 
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to the average service life (L). The best~nown of such functions are the 

Winfrey-c1ass functions. These are the only retirement distributions based 

on empirical data. Work on them was actually began in 1916 by Kurtz, who 

with Winfrey la~er published (in 1931) the origi~a1 13 emp~rically 

determined survivor curves. 8etween 1931 and 1935, Winfrey expanded dèta 
~ 

cblleçtion and added 111 propert~p curves to the 65 used in 1931. 

From these 176 curves, 18 standard curves emerged, and these now qear his , -
name. Figure 4A-2 shows the- standard Winfrey mortality functions, of which 

1 

six are skewea to the 1eft (L), sèven are symmetrical (5) and, five are , 

skewed ta the right (R).' the subscripts 0 to 6 refer to the degree of 

flatness of the curves. 
f 

The Winfrey S1 function, for example, gives a 

f1attish symmetrical curve with retirements spread over,the period ±95% of 

the average service life; the Winfrey S4 functibn is agai~ symme~ri~, btt 

'it is more peaked with retirements occurring around ±10% of the average 
. 

serv~ce life. 
, 

While Winfrey curves are empirical1y weIl based, many of the 
,> 

underlying data used in their construction were collected between 1916 and 

1935 and are now 50-70 yearsr old. AIso, almost a third of thè 176 asset 

types analyzed by Winfrey consistep-of railway equipment and structures, 

~\ 

and the list covered rel~tively few manufacturing 8ssets. Therefore, the' \ 
, -- .... , , , 

obOious question that emerges' is whether Winfr~y-type retirement 

distributions are still valid today in our changed environment. The only 
. 

attempt to empirically test whether the Winfrey-type curves are still valid 
- -

was undertaken by Russo and Cowles (1981). Employing the same methodology 
l- 6 

as Winfrey, they collected data From over 2,000 prope~ty accounts From 

1 
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which they chose 490 property types. These data coll~cted were for the 

period 1965-75. They found that the Winfrey-type curves remain and that·· 

from the more recent ,data they have collected, there is n6 need ta either 

modify or extend them. Sin~e the data the y 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 ~istributions are still 

V~d today ( However, no firm conclusion can be -drawn regarding assets -,

l~ke those used~in the manufacturing sector which were not sufficiently 

r.epresented in Winfrey 1 s sample. . 

--Other type of retiremen~ functions employed in capital stock 

measurement are modified versions of the straight-line and bell-shaped_ 
, 

curves~ One is the delayed linear pattern, whereby retirement is assumed, 
... 

to occur at a constant rate over sorne period shorter than 2L. Retirements 

start later and finish sooner th~in the simple linear case, sorne ±50% of 

L. Th~ other is the truncated beJl-shap:d d!stribt~ion, whereby assets arè 

retired anywhere between ±50% of L. 

The retirement pattern assumed in the estimati~n-of capital stock 

holds significant implications for the quality 
~~ L 

of measutes produced. 
'; 

In 

Canada, Sta~istics Canada employs the unsatisfactory sudden-exit assumption 
• 

in its Fixed Capital Flows and Stocks measures. 
-

In 'the U.S.A., symmetrical 

Winfrey functions are used. For residential building's, retirements are 
.. 

. - spread over . the period ±95% of the average se.tvice life; for aIl other 

-::.;:, .. 
,assets, ,retirements are,spread over the period +45% of the average service 

life. See for example, Musgrave (1976)15. Ta asc~Ftain' the extent ta 

J 

" 
15 For the assumptions used i~ other cauntries see OEèb (1983). 

, ~ 
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.. 
which capital stock data are sensitive ta different assumptions uséd for 

JO ( • 

retirement-of asssts, a number of studies have been do ne which employed 
. 

alternative assumptions of retirement patterns. Noteworthy among these are 
\ 1 ( 

thosé"'of Grosse, Rottenb,erg and Wasson (1966) in the U.S;A. and Koumanakos 

( (1980) in Canada. 

Koumanakos . (~ 980) of Statistics Canada produced alternative estimates 

of Canada's gros~ and net capital stock and capital consumption allowances\ . ~ "---
for the period 1926-80 employing alternative retireme"nt dist~ibuii.~,\--. 
assumptions. Table 4A-6 presents some of his .estimates for the entire 

economy in 1980 in real 1971 dollars. His results confirm the sensitivity 
t 

of cap~tal stock ~easur.es t9 the unde~lying assumptions employed. AIl 
,-", 

three series are significantly affectëd in differing,degrees. Estimates of 

-gross capital stock range from a , 
exponential retirement assumption to 

low of~ $231.4 billio~ using the 
1 

a )hi~h ) of $397.5 billion using the 

sudden-e~t assumption. Since ... Canada' s officiai capital stock estimates 

employ the sudden-exit assumption in their calculation, Table 4A-6 also 

expresse? the estimates derived from each of the alternative retirement 

. assumptions as a percent of those derived.from the sudden-éxit assumption. 

Similar results have been reported by Grosse, Rottenberg and Wasson (1966) 

f or the U. S • A • 

'Clearly, the capital stock data published officially by our 
"

statistical agencies a~e nat straight-forward survey data but simple , 

estimates, derived from' gross investment figures using nUmerous 

assumptions. Changing the underlyi~g assumptians ~esults in quite 
. 

signifieant differenees in the values of caPital~ 

... 

Therefore, capital 

) 

" 
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TABLE 4A-6 

IMPACT ON CAPITAL STOCK OF DIFFERENT ASSUMED RETIREMENT 
DISTRIBUTION PATTERNS: TOTAL CANADIAN MANUFACTURING AND 

.NON-MANUFACTURING, 1980 
(Millions of Real 1971 Dollars) 

, ' 

Retirement Mid-Year M~d-Year Capital 
Assumptions Gross Stock Net Stock" Consumption 
--~ 

straight-line () 35B,060.4 29,2,811.9 11 ,586.1 
(% of Sudden'exit) (90) (113 ) (871 

Exponential 231,360.4 202,951 .6 15,984.8 
(% of fudden exit) .. (58) (78.5) - (120.5) 

Bell-shaped 382,338.5 316,909.1 10,398.1 
(% of Sudden exit) (96) \ -( 123) (78) 

Sud den Ex:i.t* 397,457.4 \ 258,484.7·- 13,264.1 
(% of Sudden exi~) (100) . \ -( 1 00) ( 100) 

~ 

Truncated Bell-Shaped 388,706.9 1301,752.8 11,094.5 
(% of Sudden exit) (98) \ (117) (84) 

SOURCE: Koumanakos (1980). 

J 

172 

# 

• ,.. 

• 

\ 

*TAe retirement assumption; employed ~n Canada for th~ 
estimation purposes ~s the' "sudden exit", see statistics 
Capi~ Flows and St6cks, Catalogue 13-211, Annual. 

capi tal ~ock ._ 
Canada, -t fxed . 
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stock data should be viewed as rough estimates, and extreme caution is in 
~ 

order when we begin employing these data in econometric models of 

investment behaviour, of capacity utilization or pr~ducti~ity change. No' 
l 

one, perhaps, is more· awpre of this than the statisticians themse!ves. 

Aware of the weaknesses inherent.in the capital stock estimates Koumanakos ' 

et al. (1984) reports that a joint pannel of experts drawn 'from Statistics 

Canada, tHe Economic Council of Canada, the Department of f:inance and the 
"-

Ban~ of Canada has been formed to examine alternative and more reliable 
f 
-

methodologies for mëasuri~g capital stock. Among the alternatives being 

considered is a quinquennial capital stock survey, similar to deêennial 

censuses. " 

4 . Valuation of Capital Stock Measures 

There are three approaches to t~e valuation of capital stock: (a) in 

physical te,rms suc" a~ weight or horsepower; (b) in capacity terms suctr'as 

output prod~c~able ct any given point in ~ime; and (c) in value ter ms such 

as the amount of e~penditure'incurred in acquiring real capital and putting" 
1 

it in ,place. 
\ 

required-~as in any aggregation What • 
~s proplem--is a 

J 

standard unit of measuring the heterogeneous pieces of capital goods--

various types ':If macl:linery" equipment, structures and buildings--composing 

S the economyts capital stock. TraditionaTly, the third approach has been 

preferred, that of measùring ~apital stock in value terms. 

Inherent in this ty~e of aggregation are a numbei of methodological 

"~ \ 
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) 
problems. First, how are quantities'- to . be valued? At historical 

. c 

(origin~) current or ,constant priees? Second, how does one account for 

quality change over time in each type of capital goods? Thirp, how does 

one treat the introduction of new types of capital goods? '" Fourth, how does 

one treat the pricing and classific.ation of' ~nfr~qŒently purchased or 

'custom.-made capital goods? Fi fth, how does one account for 
1 

composition of capital goods-during the period? 
• 

<-
changes in the 

f 0 

Regarding the first problem, it is preferred to val4e capital stock at 
(' 

constant or current year priees rather than historical cost, because 

aggregating histotical costs, in an inflationary environment, involves 

heterogeneous priees which violates otr requirement for stand~rd units of 

measurement. Regarding the second problem, it is widely acknowledged that 

the.quality and engineering spec~fication of most types of capital goods 

changes over time. Quality'changes are usuèlly though not always refleçted 

in priee changes •. Ta the extent that quality change is reflected in priee 

change, Denison (1957) has 5ugges~ed ta account only for the quality change 

which is reflected ln the priee change. y Howe'!j!r, to the extent that J 

, 
., quality change is not· reflected in priee change serious omissions may 

result. Gordon ( 1 971 ) .. .. - , for . ~xample has shawn that by i9noring "cost 

unassociated" quality change results in a signifieant overstatement of' 

priee -inflati"Jn and concomitant significant understatement of growth in 
'-1:) 

real capital stock. ,.. 
elated issue is the treatment of-new types of capital good$, e.g. 

optics, etc. Differentiating a new capital-'gaod 

fro improvem~nt,i~ -an existing capital good can be quite difficult. 
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One problem particùlar to new produ~ts is determining. whicr product they 

are replacing, which portion of the market for that ~ype o~ product they 
/ , 

are acquiring and the pricing of the new product. Frequently, ne~ products 

appear on the. market at a high,price; bu!. as the y gain acceptance and are 

mass-produced their priee falls utlile 
4 

theïr quality lmproves. To "the 
, 

ex te nt that new capital goods account for a large shar,e of inves~or 

outlays, the problem assumes wider significance. 

The four th proqlem is hôw to,price inf~equently purchased, custom~made 

,capital goods, such as ships, aircr~ft and engi~e~ring str~ctures. In such ~ 

cases the usual praetice has been to" represent the pr iee of such' items by a 
\ \ () 

weighted avera~e of the cost of the materials and labour u~ed to produce 
, ~ ~ 

, ~ ~ 

them~ ~~th adjusteq far changes in productivitr, after making judgments ,.'" 

with respect ta what represents quality chan Je and what represents a new , 

product. Concerning the fifth problem which invol~es changes over time in 

the composition of capital goods, if firms shi ft thair purcha:ses of capital 
Il 

goods from low-priced types-to high-priced substitutes, the measured priee 

index will rkêord an iocre~se in prices'wRen in fact no change in) priees' 
. . . r 

has occurred in ~he'absence of an adjustment of weights. 

The implications of the above troubleso~ difficulties is that even in 

the presen,Fe of a val id 
\ 

conceptual framework of capital measurement, 

methodological and practical proolems ~ay impede the construction o~. 

unbias;d measures of capital stock. Worse still, in the absence of any 

rneasurab~e 'data, we have n'o ,way of knowin,g the magnitude of the possible 
, 

blases o~ ~e acc~~acy of our estimates of the economy's capital stock. 
1 

( , . 

.. " 

. 
• 

, 

" . 

t 
..-. 

. " 



\ F 

f 

( ~ 

-~-

a 
J, . .\ 

\ 
, . 

, r r 

J 

, .. 
CHAPTER FIVE 

THE )-EMEIiGING VIEW OF ~ 
"REPLACEMENT INVESTMENT": · 

~ 

STRUCTURALINVESTMENT " 
\ AND ADAPTATION 
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;1 • Introduction 

In the precedi,ng three 

arl'alyzed the J1iterature on 

\ 
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chapters, we have reviewed and critically 

"r~lacement investment" and examined the 

pertinent empirical and statistical evidence. Our assessment is that the 

conventional concept~9n used in, the theory and econometrics of repl?cement 
" 

investment since Jorgenson (1965, 19(4), that'is, the rate of replacement 

f" investment is a constant proportion of capital stock and equal to the rate 

~of depreciation (PRH), is clearly unsatisfactory. Many objections have 

been raised on both theoretical and empirical grounds to this view by, for 
~ 

examp~e, Feldstein and Foot (1971), Feldstein (1974), Feldstein' and 

Rothschild (1974), Eisner (1972, 1978), Nickell (1975, 1978), Rowleyand 

Trivedi (1975) and Helliwell (1976). Inspite of the numerous objections to 
(1 

this approach, no comprehensive alternative formulation has yet emerged. 

The few a~tempts_ that were made, notably by Feldste~ and Foot (1971), 

Eisner (1972) and Cowing and Smith (1977) did not go very far. In this 

chapter, we attempt ta develop suCh an alternative perspective of the , 

replacement process. , 
The view we propose is broader in scope and more accurate th an the 

" 

conventional approach which partitions gross capital investment into· 

expansion and replacement components, the latter an outcome of the PRH. We 

reject the notion that the "other half of gross lr,vestmènt" is necessarily 

replacement investment. We have found, as reported in Chapter Four, that 
-

replacement expenditures are generally not capitalized by firms, but , 
charged to operating accounts in the·form of "repair expenditures." To the 
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i ' \ 
extent that such expenditures are in fact replacements, and"not capitalized 

for accounting purposes, it leaves the "other half of gross (capital) 

investment" ~nex~lained! Ta fill the void, we ~ropose the insertion of a 

new ceategory of, capital investment, namely structural investmènt. . V . 
Structural investment can be 

: 
... defined as fixed capital investment 

expenditures induced bl the Jirm's r' need ta adaet ta changes in the 

comeosition of demand (output-mix), eroduction technolo9l and relative 

priees for factor inpùts, the level of \otal demand remainingAconstant. 

~nlike replacement investment~ which iS\ non-capital repair 

expenditures ta maintain the prodUctive efficiency of fixed capital stock 

intact and therefore in the short-run, a matter of "technical necessity", 
, 

structural investment, like expansion investment, is a behavioural variable', 

conditioned by economic factors. In fact, structural investment often acts 
.\; 

to sup~lant or supersede the necessity for replacement investment •. Jn the 

o real world, firms are not constrained by some extraneously imposed rule ), , . 
t 

'that obliges them to invest in the mainternance of t~eir capital stock. 
-0 

Ours is not a command economy. Fi~ms are free to choose whether they want 

~o maintajfl intact their stock of physical assets through repair 
. 

expenditures. -Obviously, even the decision ta maintain the existing stock 

of capital is an economic decision, at least in the long-run, and therefore 

linked to the decision to commit str~ctural investment. 

. Our view builds on bath the "static" and "dynamic" approaches ta 

replacement found in the literature. Rather th an treating bath types of 

"replacement" as equivalents, we differentiate between the two. "Static" 
" 

replacement, expehditures intended ta maintain the stock of capital intact, 
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. . 
is cgnfined ta· its conventional role, that' is ta "like-for-like 

replacement", ~md is defined as non-capitalized repair expenditures, or 

replacement investment if we still ct'loose ta use the same terme "Dynarnic" 

~ replacement on the other hand, assumes a new identity as structural . 

investment. Since structural investment entails change in the structure of 

production (bath capital-output and capital-input speCi~city), it bears 
~ \ 

little resemblance to replacement- in the traditional sense, where the line 

of activity and the technology being used by the firm remain éonstant. To 

avoid confusing the two and ta foster' a more accurate and meaningful 

understanding of the latter, the term structural investment is introduced. 

The existence of structural investment should pose no difficulty to those 
-'\: 

who accept the notion of "structural unemployment." If labour succumbs to 

" unemplôyment.due to changes in the composition of demand and technological 

change, why should not the other ractor in the firm's production function? 

'If retraining and relocation of labour help reduce structural unemployment, 1 

why should not structural investment in plant and equipment help restore 

the utilizatio~ and economic productivity of real capital? Clearly, the 

two nqtions are analogous. 

The components that make up the the ory of structural investment are 

five-foid. The first of these is the ~ concept of capi tal-ou,tput 

specificity, as elaborated by Matziorinis (1985). Here the composition of 
\ 

~pital stock is functionally li~ked to t~e composition of demande Changes 

. in the structure of final demand induce changes in the structure of 

capital. Therefore, the rate of investment expenditure 1s not only a \ 

function of levei of demand (the accelerator theoIY), but 

, 
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also a function of change in the composition of dema~d, the level of total 

output remaining constânt,. 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 structural 

investment. 

Second, product and process innovations (a joint outcome o~ 

technological change and economic necessity) are frequent. Combined with 

changes in the competitive environment in which 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, 

modernized or refitted for alternative uses than replaced. The minimal 

extent of replacement in the real wOJld does not 

of the term "r!:!placement" ta describe the "other . 
What is more common in practice is that firms 

justify the continued use 

half of gross i~estment." 
incur expendi~re5 on the 

maintenance and repair of "existing assets. Through a continuous policy for 

maintenance and repair, firms ensure that the productive capacity of their 

stoék of fixed as sets remains intact until such time as changes in 

technology, changes in product line, changes in corporate objectives or 

changes. in economic conditions warrant adjustments. All!}ost plways" .the 
J ' 

that of structural form ta,Ken by the se adjustments in capital stock is 
/~\I. t 

inves-t'ment. 

Third, each product is defined by its own p~oduct life cycle. From 

the time of introduction, many products undergo a logistic (S-shaped) 

pattern of growth. A maturity 'phase usually foflows the initial growth 

c-j 

phase. Once the maturity phase has béen reached, further growth in sales ' 
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will depend bo what the firm does. If the firm recycles the pr'oduct by 

improving its quality, style and packaging or if the firm finds new uses 
\ 

for the product and develops new markets, sales will grow. te it reinvests 4 • 

in more advanced and eff~cient production 

maintain sales in the face of stiff 

machinery, it will be able to 

competition that pJbvails at the 

maturity stage of the product's life cycle. If-the firm does none of the . 
above, sales df the product are likely to stagnate and perhaps decline. 

New products wil~ eventually bring displacement from the market and initial 

produc~fon facilities will likewise be displaced. Unless the same firm 

finds a new product to replace the earlier one Dr another firm acquires the 
Il' 

equipment, sorne 0(. the fixed capital equipment will be abandoned and 

scrapped. ND replacement can occur here. If on the other hand, the same ' 

or another firm can find an alternative use for the idle eguipment, 

inuestment funds w~ll f~~st have to be committe~ to up-grade, refit and 

adapt the plant to~an alternative use. Exp.end{tures ~or this purpose can 

be classified as structural investment. C~nsequently, the product life 

cycle by generally setting an upper constraint on the life~f the product, 

aiso sets an upper constraint on the useful life of assets. 
1 

But by the 

same tàken, efforts by fitms to extend the product life cycle gives rise to 

a flow of structural investment outlays. 1 - / 

Fourth, whether a firm will invest in the extension of its-product's 

life cycle through product development and structural tnvestment in t~e ~-
/ 

of -its produ7tion grading" re-tooling, re-fitting and modernization 
( -

matter of corporate ·policy. facilities is Investment oecisi?ns of 
- - 1 

also a 
. 

this nature do not lend thèmselves to the type of marginalist capital-

.,' 
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techniques ., common standard t textbooks., , Due tQ the 

, 

4ncertainties~ta~lèd and the bre~k in ttie cont,inuity Qf the firm 1s '::.. ... . .' 
producti'è:'n, these investment q,cisions are, ,of a strategie nature. the 
• 
firm's options are (a) tu abandon production entirely;" (b) to restructure . , 
production thro~gh ~off.-shpr.e: production of parts and domestic assemblyand 

. 
marketing of <the produc~;, and (c) to invest in product deve lopment and, 

simultaneously, in structural invest~e~t to moder~ize and adapt production 

facilitiés to produce ~e-cycled products. Tnese in~estment strategies Nave . 
defensive and offensive elements. W~ile change in the structure of demand 

will cer~ainly affect the relative profitability and utllisation' of the 

capital stock, the change in this stock that is induced will depend on both 
"', 

the cha~ge in the structure ~ of demand and' the fIrms 1 willingness and 

abili ty ta' adapt by jgncurring the necessary capi tal ou,~lays., 

" Fifth, the rate of growth in aggregate production in an economy is 
. f 

- obviously a function of the individual rates of growth for constituent~· 

industries. As any economy has both expanding and mature industries, the 
Q 

degree of adaptation and rate of structural investment· in the mature 

industries will influence the economy's over~ll rate of growth and standard 
, 

of living. Unfortunately, adaptation and structur?l change have 

historically proven difficult processes t~ manage effectively. 
1 

In ,this chapter we develop· a framew~rk to explain the natu~d 
',~ J 

determinants otvthe nother half of gross' investment," namely structural 

investment, and we supply convincing empirical supportlforJour position. 
",.J.,~r 

", 
, .J 

Section 2 examines the role and the extênt of output heterogeneity and· 

product life cycles in conditioning structural investment i~ the context of 
"1 

.', 
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(', 
capital-output specificity. Section~examines th~ link:- between ~Pital 
heter~gen~ity a~d output hlterogeneitY.an~, thefr re~~ionshiP'to struètural 

Î' " , 

investment. Se!tion 4, building on ~ simple stock-adjustment,investment 
, .' , . 

funcÙon~ Ïllustrates _ mathe/naticalà.y the relatio~ between > structtJral 

investment an? change- i~ th.e structure of demand in the context of capital.

output specifici~.~ 'Section 5 provides strong e~pirical support for the 

propos~ion of st~tural investment. Section 6 comp~etes' the presentati~n 
by con~idering the role of corporate policy in the process ta undertake 

structura~ investment outlays. 
~ , 

'. 

J • /' 
2. ~ Output Heterogeneity and Product Life Cycles . , ' 

Sinca the'Keynesian re~olution and the development of national' incarne 

accounting, the' preoccupation of the economic profession has been 
~ -

- 0 

aggregative analysis of èconomic behaviour· and modelling. Concepts such as 

"total dutput" , "gross capital stock" , "aggregate slJpply function" and 
......,. investment~·have 11' 

"gross capital becème standard ,instruments in the 

economist's kit of conceptual tools. Though ' useful fo~ many purposes, 

these concepts have served ta detract "attention away from the equally' 
"-

important issues concerning the· underlying structure and composition of 
~ 

t~tal ou~~ut,- capi ta,l' sto.ck and gross inve,s:~en;; Al t~~:~ ~y:èry e~onomist 

wlll agree that "total output" land "capl y sto~~1t arfi. ln fact generic 

concepts defining an aggregation of heterogeneous units, they will attest 
y 

ta the important raIe that chan~e in their compo~-ition plays in the 

.. 

, ' 

" 
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economy. Unfortunately, not much .â!ffort has been devotecf in recent years 

to the structural compositiGn of output and capital and its relatiônship to 
", r ~ 

\ ' 

the ,flow of capital investment. In this section U1f!\, eXqmine the 
• 

implications of the composition of output 'on capital investment, while in 

the following section U1e e~amine the same with respect to the composition 
~ 

of "'Capital. r· -• 
It is our vieUl that the composition ~f total demànd for the econàmy'~ 

o\Jtput matters, at -least ~ far as the volume and composition of capital 

investment are concerned. Our vieUl i5 based·on the simple proposition that 

a changing structure of,demand induces changes in the desired composition 

of capital--the ,c~nc,ep~' O~ital-o~tPut specificity, Matziorinis (1g8~)-
which in turn affects the composition and volume of gross fixed capital ... , ~ 

formation. Change in the composition of demand would imp~y first, a 

re~uction in desired r~placement investments as the capital stock used to 
- . { , 

'produce the declining or "sunset" products lS no longer in demand; and 
. . 

second, an increase ln desireà'expansion investment as new tYP8S of capital 
Id 

goods are required to produce the neUler products. Third, to the extent 

that the economically obsolete stoc~, of capital is still physica~ly capable 
J 

of r :çendering production services, change in the composition of. demand 

implies that firms will, to the extent it is tech'lically feasible, redeploy 

IIluch physiciü assets to new functions such as the ·~production ~f the tYPfi! of' 
, "'-

products now being favQured by the market. Redeploying older capital goods 

ta new functions, hOUlever, . .' is ~ a castless process. Flrms wlll have ta 
J. 

the modernization, up-grading, re-tooling .... and commit acditional funds for 
/~ 

refittin$ of ~e older equipment to their ne~ uses, and,consequently will 

.. 
L 

f 
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e~tend their economically useful" life into the future. This .type of 
( 

investm7nt Spending, the autcame of the firm's adaptive respànse ta a 

h " . . t nel" ther o"e 'c anglng economlC enNlrOnmen, can characterized as expansion 

nor as rep~acement'" (r~pair) 'inve'stment. 
\ 

, 
not being spent ta açd to existing 

T 0 the extent that the funCls are ' 

~ "t capaCl y, it i5 not expansion 

investment. To the extent that the up-graded as sets are used ta produce a 
, 

different' line of products, thèy are not replacement either. The 

distinction with replacement (repair) investment is further acce~tuated by 

the fact that investment autlays incurred for tha modernization, refitting 

-or upgrading of a plant are not expensed in practice--as is the case with 

repair expenditures--but they are, in fact, capibalized. This flow of 
I~-' 

çap1tal spending can best be depicted by the terms "renewal", "adaptation" 

or "structural investment. Il Here we use the latter term in ordèr to 
1 

Z differentiate it from replacement investment, which we have already 

identified as being non-capital repair expenditures incurred to maintain . 
the operating efficiency of the existing ~tock of durable physic~l assets. 

Ta the extent that total output has, in fact, undergone structural . ~ 

change in recent' years, and ta the ex te nt that f can provide sorne 

explanation of how and ~hY<the composition.; out t ch~ng~s over time, 

then we'have the basis for a simple theory of structu al investment. In 
1 , 

the next few w pages we supply a possible theory of output change,--the 

concept of the Product Life Cycle (PLC)--Whi~ we link t~ ,structural 

investment, an~ we f~nish evidence for Canada showi~g that 'total output 

has undergone considerable change during the post-war periode 

<.It is a weIl e~tablished fact of emp\rical research, as shawn early on 

~' 

/ 
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by Kuznets (1930) and Burns (1934) a~ore.recentIY by Lee (1971) !nd van 

Ouijn (198~), that the growth path of total output in~the economy differs 
1 

signif~antly from the pattern of growth at the industry level. While the 

• , long-term growth path in ~otal output exhibits a rising linear trend for 
( 

. the econorrry as a who le , at the industry level, long-term growth paths in 
'!} . 

output exhibit ,a logistic (S,-shaped) pattern, with high rates of growth in 
'" . rJ.· 

th; sarly years of an industry's dev~lopment but with diminishing rat~s of 

growth as th~ industry approaches its maturity phase. 
. Q 

Kuznets (1 930) 

suggeste~ that the long-term economic development path of a nation is not 
~ t 

characterized by a linear expansion of all industries (as we implicitly 

assume in modern growth models}, but by a succession of leading sectots • 
• 

1 

As Rosenberg (1982) states: 

, 1 

\ lIKuzne~t argued that high agg1:egative egrowth rates in i!strial 
economi s' have refiected continuous shifts in product and industry 
~. 1 rapidly growing industriej eventually experience a slowdown 
in growth as the cost-reducing impact of technical innovation 
diminishes. Furthermore, because of the typically low long~rm 
income and priee elasticity of demand for old consumer goods, further 
cost-reducing innGvations in these industries will have a relatively 
small ~ggregative impact. Therefore, continued rapid growt~ requires 
the development of new prÇlducts and new indJJstries. Il (1982, pp. 4-5). 

~t is an equally weIl established fact that most products undergo a 
. 

logistic, S~shaped, pattern of' develop~nt from the time of their 

int~oduction until ~urity, a phenamenon .which was elabor~ted by Dean . 
(1950). .It has sinEe found 9 primary role in the marketing literature and 

\ -
the~theory of international trade. 

Let us then provide a brief review of the- literature on the PLè 
" 

concept and the S-shaped pattern of growth. -The review which follows is 
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1arge1y based on Levitt (1965), Gist (1971), Wipd (1982). Lee (1971) and 

to Tarde 

(1983). The idea of an S-shaped patter~' of growth can be trated 
~ '-

(1903) . who formu1ated a thlee-s ta'ge model (slow advance, 

van Ouijn 

• 
accelerated and decelerating pro'gress) through which every innovation, 

whether a new product, an idea or a belief must pass. Prescot t (192f) 

applied the idea to forecasti~g-the demand for a~tomobiles. Kuznets (1930) 

and~Burns (1934) applied it to business-cycle research and tested the 
l "-l 

growth retardation hypo~nesis. In recent times, Dea", (1950) was the first 

to take and refine t~ iQea and app1y it ta the theory of marketing. He is 

credited wi U:\ coining the term lIproduct li fe cycle." He distinguished . 
three stag~s in a product' s life cycle (introduction, rapid expansion and , 

maturity) and argued that th~ length of this cycle' is condi'tioned by the 

rate of technical change, the r.ate of market acceptance and. the ease of 
1. ,,~~ 

competitive entry. SLlbsequ~ntly, the concept of the PLC was fl:Jrther 

explored by F6rrester ('1959), Patton (1959) and Mickruitz (1959) untii it 
. ~. 

acquired a central place in the modern theory of marketing, ~sfrevealed for 

f ' 

\ 

example by Levitt (1965), Gist (1971) and Wi~d (1982}. The PLC concept has l 

. a1so been successfully applied in the theory of international traQe and 

investment, in arder· to explain the pattern of. t~ade of manufactured 

produ~ This particular applic3~ion originated with Vernon .(1966) who 

used it to exp1ain the weIl k~own Leonti~f Paradbx. Othe~ con~ributors to 

this literature have been .• Wèlls (1968), Hirsh (1967), Claudon (1977) and .. 
Vernon (1970). 

In contrast ·to Oean's three-stage model, the standard mprketing 
; '\ 

literature now distinguishes four phases ~n a product life crcle, although 

,. 
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five-phase 'tTlodeIs are also used. See Figures 
'. 

5-1 and 5-2.:-' Accô~ing ta 
t 

Levitt (1965), the 'four stages are, fOi example, characterized in the. 

follf1GÎi~g way: 

1 ' 

1 • Introduction. 
1 

naw . product ,is first orought ta .q . " 
Th,is is when a 

market, before t,here is a"proven demand for it, and often before 
. 

.' , 

it has been Jully provén techr1ièally. Sales of the' product ar,e ~ ~. 

2. to grow rapidly and eXPênds from year ta .. '. '\, 
Growth. Demand begins 

year often at an exponential rate.' The market- penet;ation of th~ 

product expands suôstantially. \ 

3. Maturit1. Demand levels off and for th,e most part grows only at 
, 

the rates of. replacement and new family formation. " 

4. Decline. The proouct begins):o 10se cQcQ,sumer appeal, sal.es of the 

product begin ta decline. 

The path taken by . the 'product life cycle bey_~nd the maturity stagè have 

considerable diversity. These ôepend on- ~"strategic responses taken by 
, 

fïrms when faced with increased--competition at the maturity stage., Through. 

prod~ct and process improvements, a fi;m' 1ight' fo: example, succè~d in 

extending "th. maturi~y .phaoe and p~n~ing . a m~jtr !eeline in sales. 

Alternatively by product differentiation, apphcatl.on (to new needs or 
\ "")r, 

developmerit bf new markets, a firm migr.t even succee.d in extending the 
~. f 

growth phase. Th~.mar~eting literature is full bf such rival strategies to 
. 

amend a pl'oduct 's life'" ·cycle. Tre U. S. A. , ny Ion industry 1s __ ~n e~cellé(Jt 

illustration of actuàl prodoct life extension or "stretchi~ç;l". 
a 

Figure 5-~ 

... . 
" 

-
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reproduces the growth of the nylon industry during the period from 1942 ta 

1 962 and shows ohow the product' cycle was extended by changes in the 

composition of output and thus contributed ta the persistent growth of the 

industry. Figure 5-4 shows various possible permutations of life-cycle 

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 patiern of the PLC model. Some of the products for 
~ 

which the PLC model wa~ found ta be representative are automobiles (Kovac 

and Dague, 1972), sales of foods, cosmetics and refrigerators in the United 

Kingdom, (Cunningham, 1969), tea and rum../'~'Albach, 1965), and black and 

white television sets (Patton, 1959). The PLC model has been found ta 

apply to iodustrial products as wel~ Cunningham (1969) found that trends 

of automobile components, chemicals, and general engineering products in 

the U.K. are represented fairly accurately by the general PLC model, while 

Frederixson (1969) found that 41% of 27 new industrial ~hemical products --followed the general PLC Qattern. In addition, these and other studies 

~ound evidence of' modified S-sh8Jed PLC functions. Buzzell,(1966) for 

~ example, ~ound the model t~ be consistent wtth actual trends in processed 

food p;~duct!? NJ food products pass through a period of slow growth l' 

followed by a stage of rapid growth. Sales of 
iP • 

"mature" l products however, 

~ did not. necessarily follow the predicted pattern~, Three patterns were 

observed: (a) the expeçteq stable maturity; (b) a gr~th maturity due to 

,/ 

,,0 
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"IGDRE 5-3 

AN EXAMPLE OF PROOUCr UFE S'mETOtlNG: mE CASE OF mE NYLON INDUSTRY 
Innovation of new products pœtpones th. tlme of total maturity 

Source: Jordan P. Yale, "The Stratqy of Nylon'. Crowth: Crea. New Markets," Modmt Tntiln 
~1IZi,." (Febnwy 1964,) p. 33. Copyright ~ 1962 by Jordan P. Yale. Reproduced by permiuion. 
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sorne changes in fRarket conditions, and (c) innollative maturity, wh,.ioh is 

due to sorne product ,innovation or differentiation by the producers. 

\ 
The S-shaped pattern of growth that Kuzne-ts (1930) and Burns (1 934 ) 

found to be representative of Iong-term growth patterns at the industry 
~ 

levei can be ap,prox imated by a logistic function or a 
, 

Gompertz curve, 

'" illustrated in Figures 5-5 and 5-6. The loglstic funetion was'" first 

popularized by Pearl and Reed (1920) in the 1920s and applied to a varietr 

of biologieal phenomena, population and othlr growth situations sueH(ps the 

spread of epidemies and rumors. The equation of the logistie funetion is: 

Q = 
1 

-bt 
1 + Cle 

\ 

(o,b>O) 

. j 

. where Q is output,& and b are fixed parametérs and t is a time index. The 

Gompertz eurve is similar A to' the logistie function sinèe i t is an 

asymptotic growth curve with decreasing rates of growth past the inflection 

point. However, it differs From the latter in that it is non-symmetrical 
\ 

with respect ta its inflection point, which is reachèd earlier. The 

equation of the Compertz eurve is: 

bt 
Q = Cl e 

~ 

( Q > 0, b < 1) 

b Using these functions which imply a continually decreasing rate of 
-

growth, Kuznets (1930) and Burns (1934) tested the hypothesis that o~tput 

a? the' industryu level grows at a decreasing rate (growth retardation 

hyp~thesis). 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 oônfirmation of his S-shaped logistic and Gompertz growth 

patterns. Burns considered 104 continuous production series in the U.S.A • 
• 

'far the periLd from 1870 ta 1929 and found that 92 of these series 

exhibited a decre~sing rate of growth. Kuznets suggested three basic 

factors as accounting far the retardation of growth: (a) population growth, 

(b) changes in demand and (c) technological changes including improvements 
. 

in bus~ness organization. Burns (1934) also inserted the following 

qualifications: (1) the rule of retardation may not hold in the late life 

cycle stage~ of some industries; (2) in the introduction phase, growth may 

accelerate rather than abate; (3) the rule of retardation does not hold 

throug~out far the secular trends even of established industries, though it 

does hold for their primary trends (movements of langer duration than 

secular trends); (4) an industry may be invigoxated or rejuvenated as a 

resuit of a structural change, such that the rùle of retardation may only 

hold for the periods prior to and following the structural change. 

Clear l y, the raIe of technological and market change in al terin,g- the 
• 

composition of output ancr tne structure of markets has been rece~tly 

ignored. Incorporating the se factors in the "replacement" demand function 

leads ta a different understanding of the process and farces whith 

condition the composition and volume of capital spénding at the maturity 

phase of an i,ndustry' 5 life cycle, and compels us ta re-assess the validity 

of the proportional replacement hypothesis (PRH). 
-

The view that emerges from our re-exa~i~tion of the literature 1s the 

following: 

1~~Firms do not incu~ capital expeoditures to replace worn assets by 
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exact replicas of these assets, bec8use non-capital repair expenditures--

which include replacements of parts--ensure that the operating efficiency " 

of ~the ,)f3xisting stock of capital goods remains intact, perhaps for an 

indefinite 

2. 1l hnological and market change are the ru le rather than the , 
~I 

process innovations, change in consumer 
) 

exception. Product innovations, 

tastes and references, change in prices of factor input, changes in 

business organization and market structure continually take place. The 
\ 

main threat ta the economically usefu~ life of assets does not come from 

phys ieal decay of as sets (input or output decay) but from market change. 

While repair expenditures act ta postpone the physical ability of assets ta 

supply production services, they cannat offset 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 sa much physical 

decay as it is obsolescence. It is the 1055 in\~n asset's economic ability 
, 

ta contribute ta profit that , determines the timing of the asset's 

retirement, and not sa much the 1055 in its physical ability. 

3. In their attempt ta enhance the profitability of assets and assure 

their long-term sur~ival, firms will find it necessary not ta invest in 

replicas of the existing assets ("like-for-like" replacement) but ta invest 

in new types The form that such investments generaJly take 15 

re-tooling, itting, upgrading, modernization, automation, 

,computerizati of production. Such investments, however, 

have thé e"ffect of' altering any one or more of the following: production 

function, capital-input. specificity, source and type of f.eedstock and 

• 

, 
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materials, capital-~tput ratio, production proce.is, product line and plant 

location, to name only a few. In short, "obsolescence tt investments re5ult 

in'alterations of the structure of production for the purpose of enhancing 

the profitability of the firm by reducing casts of prodùctian, ~y shifting 
v ~ ~ 

the autput-mix away from low value-added ta high value-ad~ed praducts, by 

shifting away from high-cost factor ipputs ta law-cast inputs (labour, raw 

materials and energy ~ • This' type of investmept i5 motivated and 

conditianed by forces different from those which condition expansion 

investment and repair (replacement) investment. Since the op~rant word is 

structural change, it is preferable that we identify it as a separate 

category of investment and accord it the importance which it deserves, 
r" 

namely~tructural investment. 

4. In the introduction and expansion phase "of a product ' s or 

industry's life cycle, the investment demand is conditioned by the change 

in output, the accelerator prînciple. In these stages, firms engage in 

expansion investment. Once the product or industry attain the maturity 

stage of their development, the market becomes saturated and competition 

intensifies. AlI the more 50 as the innovation spreads internationally and 

more low-cast cauntrie5 embark on, the prôduction of the praduct. At this 

stage, the continued profi'tability of firms becomes dependent not on c-

r \ 

further expansion of production, or maintehance of production capacity, but 

on s~ructural change. Only by investing in productivity enhancement and 

product develapment can the firm or industry succeed ~o defend itself fram 

the rising tide of law-cast imitators that enter the market. _ 

5. Whether firms ehoose to defend their market position thrDugh 
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aggressive or defensive structural investments aiso depends on Ct~e firmis 

perception and strategy. Not aIl firms in an industry will choose ta 

reinvest i~structural up-grading necessa~y ta defend or enhance their_ 

position. For many reasons, ,some valid and others not sa valid, many firms 
( . 

will choose ta abandon the producti~n of the produtt and along with it, 

If no other firm can find a pr~ductive 'u\e for-this their capital goods. . 
equipment, they oecome scrap and are retired from the capital stock. Thus, 

o 

the amplitude of structural investment is likely to be smaller than that of 

expansion investment for the following reasons: (p) plant and engineering 

~tructures will require less modification than equipment, (b) some 

equipment can be refitted and re-deployed while others cannat, and (c) not 

aIl firms in the industry will decide ta commit themsel~es ta a strategy of 

structural investment. 

The emerging view on "replacement -investment" summarized here is 

entirely consistent with the views expressed by Einarsen (1938), Bain 

(1939), Terb.orgh (1945, 1949), Dean (1951) and 5chu~peter (1942). Far 

example, both Einarsen and Terborgh were reluctant ta use the term 

"replacement" ta descriee what they perceived took place in practice. 

Einarsen chose to use the term "reinvestment" because he did not find much 

&vidence of "like-for-like" replacement in practice and also found that not 

aIl firms chose ta reinvest in their assets. Terborgh (1949) on the other 

hand retained the term "te'placement" but went out of his way to explain 

that':'t did not imply "like-for-like" replacement. Bain. (1939) did not 

atte~pt ta describe replacement investment in practice, but was correct in 
-=-

painting out that replacement was not a technically determined parameter, 

-----
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but a variable endogenous to economic forces. He examined the- various .. ... 

factors that influence replacement investment and concluded that the most 

important factor is technological change. Dean (1951) provided a 

meaningful classification of investments and identified four major 

categories of investment activity: (a) expansion, (b) replacement, (c) 
, 

product and (d) str~tegic investments. Regarding replacement investment, 

he identified two sub-categories: (i) "like-for-like" replacement, where 

the underlying assumption is that the firm ls committed ta the continuance 
"'-

of the same line of activity and (ii) "obsolescence" replacement, where the 

firm modifies the production process, the product line or both. "B;P-8 ---;-_ 

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 

Ion the role of innovation and structura! change as th~ engifie which propels 
o 

growth in capitalist economies~ For example, he argued the following: 

'" 
"The essential point to grasp is that in dealing llIith capitalism we 
are dealing with an evolutionary proc8ss; ,It may seem strange that 
anyone can fail to see so obvious a fact which moreove~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 cornes from the neW consumers goods, the 
new methods of production or transportation, the new markets, the new -
forms of industrial nrganization that capitalist enterprise creates • 
••• the contents of the labo~er's bUd~' t, say from 1760 to 1940, did 
n~t simply grow on unchanging li s, but unaerwent a process of 
qualitative change. Similarly, the 'story of the productive ap
paratus of a typical farm, from the beginnings of crop rotation,
plowing and f~ttening ta the mechanized thing of taday - linking up 
elevators and railroads - ls a history of--revolutions. 50 i5 the 
history of the produ~tive -apparatus of the iron and steel industry -: •• 
or the industryof power production ••• or the history of transport-
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ation f,rom themailcoachtotheairplaf.le • The opening up of new / 
markets, foreign or domestic, and the organizational development from 
craft shop and factory to such concer~s as U.S. steel, illustrate the 
same"process of industrial mutation - if l may use that biological 
term - that incessantly revolutionizes the economicstructure from 
within, incessantly creating a new one. This process of Creative 
Destruction is the essential fact about capitalism." (1942, pp. 82-
84). 

Schumpeter went on to describe the kind of analysis which would be more 

appropriate ta the real world of economics. It lS reproduced here because 

it is a partiaularly fitting critique of Jorgenson's neo-classical theory 

of ~timal capital accumulation and his theory of replqcement: 

. 
" the problem that is usualJ. y ,!Jeing v~sualized 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 capttalist reality as distinguished from its 
textbook picture, it is not [price] competition which counts but the 
competition from the new commodity, the new technology, the new source 
of supply, the new type of organization (the largest-scale u~it of 
control for insta~ce) - competition which commands a decisive cost or 
quality advantage and which strikes nat 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, mo~ern formulation of replacement as a technical 

constant, some function of capital stock, ignores a .significant side o~ 

reality, that of evalutianary structural change. The view suggested in 

this thesis makes a real attempt ta capture this structural change which is 

inherent in our ecanomies. To the extent that we accept that such change 

does indeed take- place, then it is only reasonable to expect that fLrms 
~ 

will en1age in sa me restructuring of their capital 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 possible. 8ased on biological models of ' 

behaviour and Markov processes, they have succeeded in developing coherent 

and powerful models Df competitive firm dynamic~under conditions of 

growth, uncertainty and te~hnological change. 
ri 

Now, let us examine some empirical evidence of structura~nge in. 

the composition of output in Canada. Figûres 5-7 ta 5-10 and Tables 5-1 ta 

5-5 provide a tentative picture on the chan~e in the composition in Canada 

over the period 1951-1985. They provide strong empirical c00firmation of 
.i 

the fact that total output has undergone substantial structural change over 

the periode They also reve'al th~t growth patterns ?t the industry level do 
• 

in fact exhibit a decreasing rate of growth, consistent with the 5-shaped 

growth functions used by Kuznets and Burns ta study the growth retardation 

hyp~thesis in' the 1 930s. 8efore we turn ta a'detailed di~cussion of the 

data, however, 'eertain qualificatiops are in arder. First, we do not claim 
CJ 

that the evidence furnished here constitutes direct and sufficient proof'of 
.-

our proposition that output change is generated by product life cycles. 

Rather, we su~gest that the overall pattern is consistent with our 

hypothesis and that it merits further investigation. Second, the data 
~ 

presented here--industrial production indexes and output shares at the one 
-

o and two-digit 5.I.C. levels--are not in the form which would be most 
~ 

,appropriate for the inves~gation of individual product and industry growth 

patterns. As van Ouijn'(1983, pp. 28-30) suggests, a more appropriate 

framework would be (a) ta use longer time series th an the ones presented 
~ 

here (1951-1985); (b) ta employ a much higher degree of disaggregation ... 

which does not combine in the same series a variety of different products; 

, 
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(c) to~employ consumption data rather than- production data and (d) to 

, 4convert such data to per capita tefms. He states the following: 

"National production figures therE%fore give no insight into tf\~ 
development of national consumption. Life cycle patt~ns, in~ludin~~ 
decline phase, would most likely be found far nationa! per capite 
consu~ption; only in a few cas:s are they ~o be found for ~ional 
production. ) 

[The] visibility of decline obv~ously depends an, the industry' 
delineation used. At the 2-digit SIC-level most industries will 
appear ta be growing at( aIl times. Yet within such industries 
substitution processes will be going on, such as have beèn 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 tha commonly used 2-digit SIC-Ievel, or total in9ustrial 
production, a constant Fate of growth over the ent~re knowh life of 
the ~nit measured will not be the outcome. We may not be able ta 
~foretell what happens past the maturity stage, but retardation of 
growth following the intrODuction of a product, production process, or 
innovat.ion in ,general, is inev i table. " (1983, p. 29 and p. 32). t 

, The textile industry in Canada (5:05 SIC) is a- good example.of the 

problem of industr: delineation and aggregation level. It is '{ompos~d of-

two maj~r product areas: ~cotton yarn and cloth 

man-made. fibre, yarn anq clot~(~:05:183 SIC). 

mills (5:05:181 SIC) and 

Al th,ough' the index of .. 
industrial production for the whole industry suggests modest growth during 

the 1971-1983 period, an examinàtion of the two separate product segments 

reveals, as illustrated in Figure 5-7, that production of natural fibre 

textjles hqs declined while production of the more modern artificial fab.ic 
! 

\ 

textiles has been expanding over the period, resulting in moderate outpu~ 

growth at the 2-digit SIC industry ~evel. Clearly, to attempt a sound 

empirical analysis of the growth retardation hypothesis for Canada is 
l . 

bey and the scope of this thesis. AlI we seek to provide i5 theoretical and . 
.... ' 

_0 ) 
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1 

empirical support for our argu'ment that change in the output-mix of the 

economy is associated with a ,flow of câpital investment.~ 
A cursory look at total production as measured ~y GNP or GDP in Canada 

during the post-war period suggests that total 04tput has been growing more 
'ê 

or less evenly during the,post-war periode Once we decompose total output 

1 into its three broad components, primary, seCànd~nd tertiary sectors, 
l 

we can easily observe that growth in each sector has not taken place at the 

" 1 same rate. ~igure 5-8, for example, shows th9t the relative contribution 

of the service sect or to total output has expanded from 46.6% in t951 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 

declined from 29.5% in 1951 to 21.3% in 1984. Clearly, these figures 
1 

attest to the magnitude of the structural transformation taking place in 
1 

Canada during the post-war period.', Ta the ex te nt that the service sector 

is less capital intènsive than the primary and secondar~ sectars, it 

suggests a decreasing demand for capital goods but an increasing,demand for 

labour. 8eeson and Bryan~), for example, confirm that output growth 

li 

In the delineation of the sect ors we follow the U.S.A. 
classification system in that utilities are classified under Services 
instead of Manufacturing, see Beeson and Bryan (1986) and Shelp \ 1981). 
The- Prir;ary Sector includes Agriculture, Fishing, Forestry, Mining and 
Const~uction. 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 has greatly exceeded that of the primary and 

secondary sectors and resulted in proportionately greater gains in 

employment in the labour-intensive service sector as compared '. ~o the more 

capital-intensive primary and manufacturing sectors. Therefore, given that 

each sect or is defined by its own capital-output specificity and éapital-

output requirements, a shift of total output toward les~capital intensive 

ceteris Baribus, 
\ 

goods can affect, the total levelof'capital investment in 
# 

the economy. f' .. 
When the output of the .:;ervice sector is taken separatelY and broken 

down ta 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 off public administration rose from ~.4% ta 6.9% 

respectively~ See Appendix G far the se and other data used ta construct 

Figures 5-8 ta 5-10. The share of the remaining three service industries, 

i.e., t~ade, ~inance, \commercial and personàl services rose from 29.6% in-

1951 t/46. 5% in 1984. The industry group chiefly responsible far" this 

growth is community, business and personal services, ~s can be seen in 

Figure 5·9. Whilf~he wholesale. and retail trade sector grew from 10.9% to 
" . 

1'2.5%, of total output in the 1951.84' period, and the finance, insurance and 

real estate grew from 8.9% ta 13.5%, the corresponding shares 
~ 
far the 

community, business and personal services -sector have grown from 9.7% in 

1951 ta 20.5% in 1984. Growth in this sector of,services has been sq rapid 

that it has lang- surpassed the primary sector (agric~lture, fishing, mining 

and construction) as a cOn'&ributor to GNP'. In fact, as Figure 5-10 

indicates, the value of output being generated by community, business and 
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, 
. personal ser.vices has 'reached the same level as the - value of total 

manufacturing output in Canada in the early 1980s. Ta the extent that the 
l- ' 

capi tal-outpeJt ratio in the communi t y ,~ businefs and persona~ services 

sector is significantly lower to that of the manufacturlng sector, . 
significant implications for our understanding of capital investment are 

conta'ined here. > r 

Tables 5-1 and 5-2 depict industry growth patterns at the two-digit 

5: I. C. level of the Canadian manufacturing sector. They show the average 

annual growth rates in the index of industrial production for each industry 
,1 

during the period 1951-85. The data produced here are drawn from the 

Statistics Canada publications Gross Oomestic Product by Industry (61-213) 

and Capacity· Utilization Rates in Canadian Manufacturing (31-003). As 

pointed out earlier, it would have been more desirable to examine such 

~tterns at a more detailed level of indus trial clas:ffication and over a 

longer span of time. Smoothing of data by computing 3 to 4. year moving 

averages and adjustment for population change would have also been 

desirable. Nonetheléss, the data pro vide strong support for the growth 
,~ ç , .., 

retardation hy~othesis,' regardless of how we slice the data (five year vs. 
1 

ten year intervals). Table 5-1 for example, indicates that in 9 out of 20 

industries, growth rates have been exhibiting a continuously dimin~shing 

rate of growth. They are tabac co products, leather products, primary metal 

products, fabricated metal products, non-électrical machinery, 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 dimin~shing ever since. They are food 

) 
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,'Two 
Digit, 
SIC 

5:01 
-5:02 
5:03 
5:04 
5:05 
5:06 
5:07 
5:08 
5:(J9 
5:10 
5:11 
5:12 
5:13-
5:14 
5: 15 
5:16 
5:17 
5:18 
5:19 
5:io 

... 
TABLE 5-1 

d .~ AVERAGE ANNUAL G~WTH RATES I~NDUSTRIAL PRODUCTION 
IN CANAOIAN MANUFACTURlNG: T~EAR PERlOOS, 1951-1985 

t~ 
r" -!: 

Annual % Annual -% Annual % Annual % 
i Growth 'Growth ,.Growth Growth 

Manufacturing Industry 1951-61 1961-71 '1971-81 1981-85 
#, 

Food & 8everage ProEucts 5.2 5.6 2.3 0.6 
Tobacco Products 12.1 3.7 1 • 5 ~ -2.0 
Rubber & Plastic Products 1.9 15.7 6.2 5.0 
Leather Products 4.2 1 .1 1.0 ~.4 
Textile Products . 3.4 9.3 3.6 '1 -0.1 
Knitting Mill Products 7.1 10.2 1.6 -1.0* 
Clothing Products 3.0 -, 3.5 2.3 .0.1* 

.Wood Produc~ , 2.5 5.6 4.6 3.5 
Furniture & Fixtures , 5.7 7.1 4.1 -1.0 
Paper & Allied Products , 2.9 5.8 2.6 1.5 
Printing & Publishing 5.8 ' 4.3 7.4 2.7 
Primary Metal Products 6.9 1.9 1 .1 
Fabriçated Metal-Products 8.5 3.1 -3.2 
Non-Electrical Machinery 11.9 10.7 . 2.0 
Transportation Equipment 0.0· lZ1 .3 3,8 9.0 

'-

Electrical Products 7.4 10.9 4.0 -0.2 
Non-Metallie Mineral Products 7.9 6.9 2.0 0.0 
Petroleum & Coal Products 11.7 6.1 4.1 -3.6 
Chemicals & Ch~mical Products 10.7 10.5 5.6 '!' 2~7 

'Miscellaneous Products 10.4 7.4 3.3 -2.0 
..:;. li 

* For 1981-1984. 
. , 

• 
P€rcent 
Growth 
1961-85 

'" 
u 95.2 

44.2 
401~3 

11.8 
161.1 
128.1 
67.1 

159.5. 
131.0 
109.9 
175.1 
110.3 
110.9 
316.2 
484.1 
190.2 
102.2 

94.8 < 

254.7 
112.2 

Source: Urquhort, M.C. (1983) Historieal Statisties of Canada., 2nd Edition, Statisties Canada, Ottawa 
Statistics Canada (1983) ~ros~ DQ~estic ProdûCt ~ Industry, Catalogue 61-213, Annual, Ottawa 
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Two 
Digit 
SIC- . 

5:01 
5:02 
5:03 
5:04 
5:05 
5:06 
5:Q7 
5:08 
5:09 
5:10 
5:11 
5:12 
5:13 
5:14 
5:15 
5:16 
5:17 
5:18 
5:19 
5:20 

If 

AVERAGE ANNUAL GROWTH RATES IN INDUSTRIAl PRODUCTION 
IN CAN~DIAN MANUFACTURING: FlUE YEAR PERlODS, 1951-85 

Annual % Annual % Annual % Annual % 
Growth Growth Growth Growth 

Manufacturing Industry 
" 0 

1951-61 1961-66 1966-71 1971-76 

Food ~ geverage ProductJ 5.2 5.6 4.3 2.7 
Tobacco P:roducts 12.1' 4.0 2.9 2.6 
Ruober & Plastic Products 1 .9 --16.4 8.2 7.6 
leather Products 4.2 2.1 0.2 1.3 
Textile Products 3.4 8.3 7.3 2.8 
Knitting Mill Produçts 7. ,. 7.6 9.3 1 .1 
Clothing Products' 3.0 4.5 2.0 5.3 
Wood Products 2.5 6.4 3.6 7 ~ IL- -------
~urniture & Fixtures 5.7 11 .7 1.6 4.9 
Paper & Allied ProductsJ 2.9 7.4 3.0 2.4 
Printing & Publishing 5.8 4.4 3.5 7.S -

' Primary Metal Products 9.7 2.8 0.8 
Fabricated Metal Products 13.2 2.2 4.0 
Non-Electrical Machinery 16.6 3.9 B.1 

--' Transportation Equipment 0.0 20.7 10.7 9.8 
Electrical Products 7.4 16.5 2.9 3.7 
Non-Metallic MineraJ Products 7.9 9.0 ,3.3 4.2 
Petroleum & Coal Products 11.7 5.6 5.2 5.3 

,.Chemicals & Chemical Products 10.7 11 .5 6.0 5.0 
Miscellaneous Products 1.0.4 8.6 4.3 5.0' 

* For 1981-1984. 

" 
Annuel % Percent 
Growth Browth 
1976-81 1981-85 

1.6 0.6 
0.3 -2.0 . 
3.5 5.0 
0.8 -2.2 
3.9 -0.1 
2.0 ':1.0* 

-O.S 0.1* 
-"6 3.6 

2.6 -1.0 
2.4 1.5 
5.2 2.7 
2.8 1 .1 
1.8 -3.2 
9.4 ·2.0 

-1.5 9.0 
3.6 --0.2 

-0.2 0.0 
2.4 -3.6 
5.0 2.7 
1.3 -2.0 

Source: Urquhort, ~.C. (1983) Historical Statistics of Canada, 2nd Edition, Statistics CaRada, Ottawa 
5tatistics Canada (1983) Gross Domestic ProdüCt ~ Industr , Catalogue 61-213, Annual, Ottawa 
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and beverages, rubber and plastic products, textiles, knitting mill 

products, cl~thing, wood products, furniture~and fixtures, paper and-~llied 

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 can be explained. Printing and publishing 

is one of the~youngest industries whose growth may have peaked only in the 

19705, later than the other industries. Transportation equipment is 

dominated by the automobile industry. While growth seems to have peaked in 

the 1960s, the current revival in the 19805 may very well be due ta thS\ 

attempts by the firms to extend their product life-cycles by introducing 

radically new models (front-wheel drive, 
~ , 

lighter weight, improved 

efficiency, Euro~3n stYling,' Japanese quality) a~d by investing massively 

in the restructuring of their production facilitie~ Sections 5 and 6 of 

this chapter detail the attem~ts carried out in _~s industry ta enhance 
, . 

profitability. and growth through structural investment. 

Table 5-3 ranks manufacturing industries by growth in each of the 

three 10~year periods of post war histary, 1951-61, 1961-7', 1971-81 as 

well as the current period, 1981-85. Of the five leading growth industries 

of the 1950s only chemicals and chèmical products remained on the list of 

the top f.ive. The other four have' been declining steadily in importance. 

For example, tobacco products, the leading growth industry of the 1950s 

dropped'to 18th place in the 1960s, 19th in the 1970s. Non-metallic 

mineraIs dropped from'5th in the 1950s ta 12th in the 1960s ta 16th in the 

1980s. The pattern of decline has been aisa similar'for petroleum and coal, 

products and miscellaneous products ~dustrias. 8y contrast, of ,the five 

. -
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- ___________________ ~T<~ • .,.. .... .,. ___ ~ 

" 

~ 

1951-61 

Tobacco Product~ 121.2 
Petroleum & Coal 117.5 
Ohendeals & Chernieal 106.8 
"iscellaneous Prod. 103.5 
Non-"etallic Pred. 79.1 
Electrlcal Products 74.1 
Knittlng "ill Prod. '10.8 
Printing & Publishing 57.6 
Furniture & Fixtures r 57.4 
Food & Beverages 51 ~6 
leather Products 41.5 
Textile ProdJcts 34.1 
Clothing Produets 30.0 
Paper & Allied 29.1 
lIIood Proô.Jcts ' 24.7 
Rubber " Plastics 18.6 
Transport. Equip. -0.6 

~ TABLE 5-3 

RANKING OF lEADING GROWTH INDUSTRIES IN ÇANAOIAN 
. - l'IANUF ACTURING: 1951-85 

1961-71 1971-81 

Transport Equl~t 212.5 Non-Eleetrieal ~ch. 
Rubber , Plastics. 157.1 Printing & Publlshing 
Non-Electrical Mach. 118.B Rubber & Plastics 
Elaetrlcal Products 1 100.7 Chem1cals & Chernieal 
Chemdcals & Chemical 104.9 Wood Products 
Knitting 1'1\1115 102.4 Petroleum & Coal 
Textiles 92.7 Furniture & Fixtures 
Fabricated ~tals 84.5 Electrical Products 
"iscellaneous Prad. 73.6 Transport Equipment 
Furniture & Fixtures 71.2 Textiles PrDducts 
Pril!~ry Jlletals 68.9 "iscellaneous Prod. 
Non-~tallie "in. 68.6 Fabricated /IIetaIs 
Petroleum & Coal 61.3 Paper & Allied 
Paper " Allied 57.J Clothing Products 
Wood Products 55.8 Food & Beverage 
Food & Beverages 55.5 Non-~tallic Plin. 
Printlng & Publishing 43.3 Primary ~tals 
Tobacco Products 31.0 Knitting Plill Prod. 
Clothing Products 34.9 Tobaeco Products 
Leather Products 11.1 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 

Source: UrQUhort, ".C. (1983) Historieai Statisties of Canada. 2nd Edition. Statistics Canada, Ottawa 
Statisties êanada (198:') ~ Oomestic prodÜët .!2.x. Industry. Catalogue 61-213. Anrual. Ottawa 

fil' 

1981-85 

Transport Equipment 
Rubber & Plastics 
IIlood Products 
Chemlcals 
Printing 
Paper & Ailled 
Primary Pletals 
Food & Beverages 
Clothing 
Non-Pletallie Pred. 
Textiles 

, Eleetrical ProdJcts 
Knit ting Plills 
Furniture & Fixt. 
Pliseellaneous 
Non-Elect. l'Iach. 
TObacco Products 
Leather Products 
Fabricated ~tals 
Petroleum & Coai 

l'V 
~ 

VI 

36.0 
20.2 
14.4 
10.8 
10.8 
6.1 
4.6 
2.4 
0.3 
0.0 

-0.4 
-0.7 
-3.2 
-4.0 
-8.0 
-8.0 
-8.1 
-9.6 

-12.7 
-14.5 

\ 
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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 19605, 19705 or 19805, 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 1 

gràwing and 25 slowest growing (three-digit SIC level) industries in Canada 

during the 1971-1983 period, as measured by the GDP index. 20 of the, 25 

slowest growth industries have actually experienced an absolute decline in -' , 

the value of their output since 1971. Ali except two belong either ta the 
) 

primary (5IC:04) or the secandary (5IC:05) sectors. B~ 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, yet again we find that a larger number of 

manufacturing industries (17 out of 25) belong ta the slow-growth group as 

compared to the fast-growth group (13 out of 25). 

The picture which eme~es from this evidence is that industries in the 

economy do ~ot exhibit constant growth patterns through time. One finds 

that over time, industries tend ta exhibit a diminishing rate of growth, 
-

while at any point in time one finds both growing and decfining industries. 

Clearly, expansion and replacement investment as conceived in our textbooks 
- - l 

are incompatible wfth diminishing or negative industrial growth patterns. 

To the e~tent that firms continue ta incur capital expenditures in these 

industries--and the data show they'do--then~t follows that the purpose of 

this flow of capital spending must be for a reason othe~ than expansion or 

( 
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SIC 

10 
07 
05 
04 
07 
09 
07 
10 
09 
05 
09 
05 
05 
05 
05 
05 
05 
09 
05 
07 
10 
08 
05 
05 
05 
05 

TABLE 5-4 

HIGH GROWTH INDUSTRIES IN 'CANADA: 
1971-1983 

( GDP, 1 971 = 100) 

INDUSTRY 

Services ta Business Management 
Air Transport 
Plasti~ Fabricating 
Coal Mines 
Telephone Communications Systems 
Insurance 
Electr ic Power 
Amusement & Recreation Services 
Banking 
Soaps & Cleaning Products 
Finance 
Motor Vehicles 
Commercial Printing & Typesetting 
Sawmills, Planing,& Shingles 
Pharmaceuticals 
Miscellaneous·Chemicals 
Communications Equipment 
Securities 
Publishing 
Gas Distribution 
Advertising 
RetaiL & Wholesale Trade 
Non-electrical Machinerv & Equipment 
Man-made Textiles 
Scientific & Professional __ Instruments 
Aircraft and Aircraft Parts 

GDP INDEX 1 983 

'"282.1 
276.7 
236.6 
222.9 -
221.5 
201. a 
198.8 
196.2 
1.93.4 
1 ~3. 3 
183. B 
170.5 
169.8 
168.6 
167.6 
166.5 
160.4 
100.0 
158.9 
156.1 
151.5 
150.7 
150.1 
149.3 
148.5 
143.5 
J 

, . 
Source: Statistics Canada (19S3) Gross Dbmestic Product ~ Industry, 

Catalogue 61-213, Annual, Ottawa. 
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04 
04 
04 
05 
04 
05 
05 
05 
05 
05 
05 
05 
04 
05 
10 
05 
05 
05 
10, 
04 
05 
05 • 05 
05 
05 

0 

Source: 

, , 
-' , 

TABLE 5-5 

DECLINING AND LOW GROWTH INDUSTRIES IN CANADA: 
1971-1983 

(GDP, 1971 = 100) 

INDUSTRY GOP INDEX 1983 

Asbestos Mines 40.3 
Iron Mines 1 49.5 
Metal Mines 70.2 
Concrete Products 73.5 
Other Metal Mines 74.2 
Electrical Wire & Cable 79.7 
Shipbuilding & Repair 83.0 
Bakery Products 83.9 
Petroleum Refining 84.3 
Steel &"Pipe Tube 87.2 
Cement ,:< 88.2 
Truck Body & Trailers 88.2 

1 

Non-Metal Mines 90.5 
Miscellaneous Metal Fabricating 91.5 
Elementary & Secondary Schools 93.5 
Iron F oundries 94.8 
Co~ton, Yarn & Cloth Mills 95.2 
Ready Mix Concrete 

, 
95.5 

Laundries & Cleaners 99.3 
Gold Mines 99.3 
Iron & Steel 104.2 
Metal Stamping & Pressing 105.8 

, Smelting & Refining 106.6 
Veneer & Plywood 106.7 
Tobacco Products 100.9 

/ 

5~~S Canada (1983) Gross Domestic Product !:!.l Industry, 
Ca a 61-213, Annual , -ot't'awa • 

,.. 
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replacement, perhaps structural investment. 

3. Capital Heterogeneity and Capital-Output Specificity 

In Chap'ter 4, we presented evidence on the morphologieal 

characteristics of capital in Canada. It is evident that the production 

fUF1etions in 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 (KILt ratios 

1 across industries, and equally wide variability in te att'endant ratios of 

equipment ta plant and building to str,uctures. We reject" the notion, of 
, 

capital,homogeneity implieej in the conventional theory of capital and 
\) 

investme~t. One meaningful approach is 
t 

to substitute the more,realistic 

aSSl,lmPtio~ of 

investigaeJ.o[1 

c~pital heterogeneity as the 
o ... 

underlying hypothesis- in our 

of: "replacement" investment. 
o 

Our approach is, not new. Walras (1926) long ago stressed the 

heterogensity of capital ("~es capit~,ux proprement dits"). .. In recent 

years, Lachmann (1947,1956, 1977) vigorously maintained that the 

composition pf capital is of the essence in the theory âf investment. .~ 

, - ~~ . 
liA theory of inve~(Ilent based on the assumption of a' homogeneous and 
quantifiâble capital stock is bound to ignore important features of 
reality. Owing to its very character it can only deal) with 
quantitative capital change, inv~5tment and disinvestment. It cannat 
deal with changes in the composition of the stock •.• By contrast, our 
conception of capital is that of a complex structure ,which is 
functionally differentiated in that the various capital resources of 
which it is composed have different functions... AlI thisOhas 
implications for the theory of investment. We cannot explain how 

• 
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either existing resources are being replaced, wheth~r by their 
replicas or otherwise, or what kind of new capital gaods is being 
created, without having first of aIl learnt haw existing capital is 
being used. The shape in which new ~apital·good? 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 ta adopt 
a morphological approach to the prablems of capital, which must 
supersede purel y quaP1ti tati ve "reasoning F or the quantitative concept 
of a hamogeneous stock we have. to substitute the concept of a 
functionally differentiated Capital tructure." (Lachmann, 1956, pp. 
6-10). 

Our maintained hypothesis i5 that capital goods, like consumer goods, 

are primarily built to perform specifie functions. Thus the function of a 

generator is to supply electrical power; the function of a lift truck is ta 

move materials within a plant; the function of a stamping press is to mold 

a sheet of metai into a specific form; the function of a weiding machine-is 

to attach two or more pieces o~ metal together; the funGtion of a lathe is 

to eut a piece of materiai into a desired shape; the function of a 

photocopier is ta reprod~ce two-dimensional images from one sheet ta 

another, and so on. Mùch machinery and equipment is built ta perform 

either a unique or a very limited range of functions. The substitutability 

of capital gaods in different functions 15 extremely limited. This is th~ 

funetional specificity of capital • 
.. 

A glance at standard te~tbooks fqr students of engineering and 

production management t as far example O~ens (1969), reveals that equipment·· 

is generally classified into two categories: (a) g~neral-purpose equipment 

and (b) special-purpose equipment, depending on the variety of work that 

can be performed by the machine; and into four categories, depend:jpg on the 

amount of attention required by the operator: (a) manually-operated 
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equipment; (b) semi-automatic LquiPment;(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 

material), the milling machine (used for shaping and dressing material), 

• the drill press (used for making holes in solid materials), the grinder 

(~sed for~ cleaning castings, welds, or any other type of work) and the 

shaper (used to finish fIat surfaces of small objects). The advantage of. 
r 

general-purpose machines is that they can produ'ce a variety of . products by 

a variety of operations. They lend themselves-well to the pr9duction of 

customized products. A second advantage is that a change in product design' 

or the introduction of a Inew product does not necessitate a change in 

equipment although they may require changes" in tools, dies or attachments. 
, ' 

The cost of general-purpose equipment" i5 low because the equipment is 

standardized and available in stock by 
1 

capi tal goods manufacturers. The 

total investment is low because this type of equipment is easily adaptable 

ta var ious t ype5 of work and can be easil y used ta capaci t y • Repair costs 

are also low because parts are d often interchangeab~e 

between equipment. The major disadvantage equipment is 

that they are slow and uneconomical in the quanti ties. 

Special-purpose equip_ment, on used for any 

wark other than that for which For example, a machine 

might be especially designed, ta peel pears, c~J 
\ . 

peaches in half, remove, 

grapes from stems or t~st a can for leaks. Such machines are ordinarily 

most economical in large volume production, and are used in mass-production 

l 
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industries. Special-purpose machinesirre 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 
'" • '- . 

of the machine ta hold the material or .. IS mounted on the table, top 

workpiece in position while the wqrk is being performed. A tool is used in 

the mach'ine 
• 1 • 

to supply the cuttIng edge, drill point or grinder which 

performs the work. A die is a metal block which is made wi th the pattern 

or contour of the part ta be eut. Dies are used'to eut or farm identical 
\ 

parts. Special-purpose equipment are inflexible because they are built ~o 

perform specifie functions. Their resale val~e is 10111 and they easily 

becomè obsolete in the event of a major change in ,product design ~r ~he -, 

introduction of a new product. 

Manually-operated equipment require constant operator involvement from 

starti~g the machine, plaeing the material in position, guiding the ta al to 

perform the required operation and unloading the machine. Examples of 

manually operated machin~s are dril~ presses, lathes, milling machines, 

typesétting machines, .sewing machines, lift trlllcks, earthmoving and 

agricul tural machines and trucks. In the office, manually operated 

machines .include typewriters, computing machines, photocopiers and 
~ r 

swl'tchboard telephone équipment. JYlanually-operated. equipment cannot 
,1 

produce without their operator. The quality of the work depends very much 
1'1 1 

on the skill and experience of the operator. They require careful planning 

, ".'- in- U/ork Flow and supervision. 
) 

Manually-operated machines are being 
/ 

Cénstnntly replaced by equipment requiring less workar attention. The 

chang~ increases the volume of production,' decreases the need for sk~*led 



· -

221 

c 

'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 attention only in loading, 
, 

star.ting and unloa~ing it for each successive cycle. The machine may 

deposit the processed material in a pile which is removed at the 

convenience of the worker. Limit switches~ay be installed ta shut off a 

machine and stop'the flow of work when the processed material in a bin, 

tank or happer reaches a predetermined level. C~ntrqls of this kind reduce 

the a~?unt of worker attention and make the machine semi-automatic. One ~ 

worker can operate two or mQre of these machines and thus economize on the 

labour input. 

Fully-automatic equipment operate contiriuously 
1 

through successive 

cycles. They do not stop when they have finished wi th one cycle of 
C J 

operations or one bptch of material but rather continue with the processing 

of nther uni ts • Material is ~ntroduced continuausly by the machine and 

extra parts are available when required at any phase of the operation. In 

sorne machines" the material (such as paper or cloth) is introduced as 

continuous stock, for example, paper for wrapping bread and wire for making 

nails. In other machines, the materials are placed in a magazine from 

, which they are automatically fed into the machine. The magazine may be 

refilled while the machine is in operation. Examples are automatic 

stokers, coffee grinders, and flour mills. 

Many machines that formerly required warker control are now made full y 

automatic by means of control by magnetic tape. Numerical~y-contro11~d 

(Ne) machines àre-many times as productive as operator-controlled machines, 
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and scrap los ses are reduced because the tape does not make mfstakes. The 

~ tape also makes possible ,the,control of .many machines which p~rform various 

- operations on a production line. When' several fully NC-machines are 
, • 

connected with conveyors which automatically transport the material from 

one place to another, the factor y resembles a single huge machine with 

highly complicated and fully integrated parts. Worker attention may be 

limit~d to supervision, inspection, 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 automatic 

self-correction of any machine at any point in the processing. Automation 

usually includes the five following elements: (a) material is automatically 

~oved from one working station'to another; (b) it is automatically fed-tnto 

the machine; (c) the processing is performed automatically by equipmen~ in 

accordance to a predet~mined sequence or schedule; (d) the materials are 

automatically discharged from machine; (e) the machine inspects the product , . 
or the conditions under which the operation is performed and corrects 

i~self if any adjustment becomes necessary. Clearly, the prod4ctien of 

many products does not read'lly lend itself to automation. However where it .. 
is applied, the consequ~ces of automation are _fat reaching~ Plant 

locatien~ becomes less dependent on labour availability and becomes more 

dependent on proximity te source~ of raw materials, service industries, 

markets or power. The working hours (capital utilization) can be greatly 

expande~ _Less flqor space is required 

closer together while- the number of 

because machines can be placed 

direct workers is reducjd~ More 
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skilled warkers are 'required ta supervise and maintain the system. -A major 

disadvantage with automation is that it is less flexible. Only' onaJ<ind 

of part or product can be made and changes in product design require major 
" • 

modifications in the production lins. Changes in markets and competition 

may require that some designs be altered, sorne products dropped and new 

ones added. These factors limit the savings to be made from automation. 

Drucker (1974) has provided a very useful classification of production 
Il) 

systems into four major classes, namely, unique product production, rigid 

mass-production, flexible mass-production and process or "flow" production. 

Each system is characterized by its own production function, cost function" 

capacity utilization requirement, labour requirement and functional 

specificity of capital. An understanding of such systems which 
~ 

characterize production processes in different industries is essential for 
. " 

the proper specification-of investme.pt functions. 

Unique-product production is the oldest production system known to 
1';" 
~ 

man. Examples of this type of production are illustrated in Table 5-6, and , ,. 
.. ___ ~~?~U~~ housing const_~uc~i?n,_~ngineering construction, plant construction, 

production of custom-made capital equipment such as turbines, boilers, 

blast furnaces, pulp and paper making machines, heavy industrial equipment 

in general; aerospace (airplanes, satellites,- space vehicles) , 

shipbuilding, intègrated iron and steel making and many tyPP of services 

like. personal services 
)Ir -

(restaurants, hairdressers, health clubs), 

-commercial services (management consulting, engineering, a~counting, legal, 

marketing, advertising services) and community services (education, health 
1 

care) • Unique-product production is organized around stages and uses 
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TABLE 5-6 

INDUSTRIAL PRODUCTION S~STEMS 

, 
-

). 

Unique- - MASS-PRODUCTION Continuous'-
-

Product Process 
Production Rigid Flexible Production 

Housing Building Clothing Oil Refining 
Materials 

---

ShipbuildiFlg Auto Parts Furniture Glass 
" ' 

Satellites Micro Chips 1 Automobiles eement 

Aerospace Fast Food Appliances Chemicals 
Services: ~ , 

Legal Household Aluminum 
Accounting 
Marketing Electronics Alumina 
Engineering 'f.' 

Advertising Computers Nickel' 
-

eus tom-Made Sh09S Pulp & Paper 
Equipment 

Agricultural Beer 
Turbines Implement!;; -

Soaps and 
Steei - Merchandising Detergents 

Restaurants .-
,. 

------------~----~-~ -
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, 
general pur pose equipment to produce non-standardized products. Tt 

requires large~amounts of skilled labour, o~n bOrd~riQg on craftmar'iship. 

Because of the relatively low capital requirements, production can fall to 
• • 

very low leveis and still break even. Table 5-7 summarizes the attributes 

of each major production system in Orucker's classification. 

Continuous-Process or Flow Production is the opposite of unique-product 

pr~uction. Here production is highly ïntegrated, automated and highly 

capital intensive. 

oil refinery. Other 

The classical example of this type of production is the 

examples include the smelting o~ alumina, aluminum, 

and nickel, cemen~, glass, petrochemicals, soaps, pulp and paper, beer and 

milk. Continuous-process production typically takes placè 24 hours a day, 

7 days a week. Shut-down and start-up costs are enormous. ~e production 

process is highly technical and capital intensive. Labour requirements are 

low but .highlY~skilled and specialized personnel are required to run the 

system. ' The advantage of coritinuous process production is that it provides 

substantial economies of scale. The disadvantages however, are that ,it .' requires a high level of capacity utilization to be profitable and that it 

has no flexibillty in product design and specification changes or in the 

production of new products: Consider an oil refinery for example. The end , 

products that a refinery will produce out of crude oil are determined by , 
the process it uses. It can prôduce only the oil distillates for which it 

was built and only produces these distillates. in definite proportions. If 

new distillates have to t'e added or if the proportion of the various 

distillat es is to be significantly changed, major capital expenditures are 

required. 

, 

), 
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TABL~ 5-7 (. 

ATTRIBUTES OF MAJOR TYPES OF INDUSTRIAL PRODUCTION SYSTEMS 

." 
~. 

Attributes 

Type of Prodùct 

Type of Equipment 

, 1 

Type of Parts/Materiàls 

Type of Labour 

Quantity of Labour/Capital 

Process Flexibility 
(versatility) 

Capital Integration 

Volume Requirement 
v 

Unique Product 
Production 

(Job Lot Production) 

Nen-Standardized 

Mass Production 
(Line Production) 

Rigid Flexible 
l, 

Standardized Variable. 
5tandardized 

Process 
(Flow) 

Production 

Variable 
5tandardized 

General Pur pose Special Special Purpose Special Purpose 
Standardized Tools 

Non-standardized 

Highly Skilled 

High 

High 

Low 

Low 

LO~I 

Low 

High 
~ 

High 

Standardized Either 
. 
5emi-Skilled Skilled 

Medium Low 

Low Low 

High High 

Medium" High ... 
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Rigid mass-production employs a highly integrated;automated and 

capital intensive proces~d it produces large quantities of a uniform, 

standardized output. It requires high skill in the technical design and 
..... 

maintenance of the process but very' little skilled labour is r~uLred in 

its.operation. Like continuous-process production, it relies heavily on 

sp~cial-purpose equipment, spe~ifically designed to perform the specifie 

functions required of the process., The essence of mass-production lies in 

the standardization of output. By producing and selling ~he same type of 
, , . 

output, you tan afford to design and install highly specialized equipment 

which will ibring down the final cost of the product to a minimum. This is 
v:"" '\ 

\ 

what Henry Ford meant when he said that "the customer can have a car in any 
, 

color as long as it's black". If the manufacturer were to try to appeal to, 

various tastes and segments of the market simultaneously, he would never be 

able to 'produce large enough quantities to make the use of special-purpose 

equipment ~ofitable; and without the use of special ~quipment, he 'could 

not affor~ to bring the priee low enough to create a major market for his 

product. By the same token, the highly specialized and integrated 
" . 

production process turns out to be its major disadvantage. The process is 

not flexible enoug~or the production of diverse products. 

Flexible ma~production seeks to take advantage of economies of scale 

by assembling, the final product from mass-produced, standardized 

components. Without compromising the economies of mass production, it 

enables a divers~ty of end products which can be tailored to meet a diverse 

range of customer neëds. What Henry Ford did for rigid mass production, 

Alfred P. Sloan of General Motors did for flexible mass production. Sloan 

• 
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introduced diversity through different modeis (Chevrolet, Pontiac, 
, 

Oldsmobile, 8uick and Cadillac), different colours, body styles, seat 
, 

fabrics and accessories. Vet aIL GM' cars use the same fram~s; the same 
l 

engines, cha~sis, brakes, electricai systems and carburators sa then can be 
. 

produced From the same assembly line. 

For most mass-prodùction processes, the preferred prirîcipl~ 'is 

flexible mass-production. Until recently, however, mechanization and , 

flexible mass production were very hard t~ combine, because the tools 
( 

appropriat~ to mass production are inherently inflexible. The arrivaI of 
1 

the computer, however, has started changing this. With the introduction of 
~ 

~icro-computers, capable of being insta1ted on individual machine ~ools, 

standard numerically-controlled (NC) equip~ent are being replaced by 
. 

computer-numerically controlled (CNC) equipment, wbich can adjust their 

function more quickly and at less cost. 

any change in product specification 

In tradi tional mass-productiont 
) 

or process requires stopping the 
, f 

process for days or weeks at'a time. Change requires aitering the machine , 
set~up, cleaning tools, changing dies, changing the position of work 

stations, adjusting the rhythm and speed of the roduction p~ocess. With 
j 

CNC equipment, ~his change takes only 
! 
urs or days. The computer < 

can make changes quickly sa that the Flow of roduction is n~t disrupted. 

More recently, the introduction of comp~terfiaided design (CAO), computer
H 

aided engineering ",CAE) and computer-~ide manufactudng (CAM) in the 
7 

~ ! 

context of computer-i~tegrated manufqctu ing systems (CIM) is greatly 
, ! 

enh~~cing the flexibility of mass drod ~tion systems, while improving 

\ product quality and reducing cost 

f f 
1 l 

Gunn (1981, 1982), Time 
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(1980). J Saturday Night (1983) and Business We"Bk (1986b) provlde 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 va rio us 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 

" special-purpose equipment. Out of the four major production systems, three 

(rigid and flexible mass-production and process production) rely on 
. 

special-purpose capital goods. Therefore, if we accept that capital 

beterogenei ty and functional specifici ty are the rule' rathelr th an t.he "\.. -- . 
exception in a~y economy, it then follows that the composition 'of capital 

is intimately linked to the: ~ûlilposi tion of the economy' s delT19nd for output, 

the capital-output specificity hypothesis. Consequently, a 

composition of demand will generate a change in the ~sired 
change in the 

( .. f 
compos~t~on 0 

capital. As firms attempt to adapt their existing structure of capital to 

the one favoured by trends in market demand, there will be a need to invest 

in the modernization, revamping, refitting and transformation of their 

existing faciliti~s. In short, change in the comp~sition of de~and will 

induce structur~l inves)ment spending. 

-. 
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4. Capital-Output Specificity and Structural Investment 

Capital goods exhibit functional 
\ 

specificity; that is, they are 

designed and built to perform specific functions. This reflects the .. 
association of particular types of output with particular types of capital 

goods, as clarified in Matziorinis (1986). We ~an thus express the 

relationship between the composition of an econom'(' s c"Pi tal stock and the 
<> 

composition of its output by the notion of capital-output specificity. The 

consequences of such specificity are evident if we observe the 

compositional changes in both aggregates that stem from responses to 
> 

,changes in demand, relative levels of factor priees, technology, the 

regulatory environment and our principal econo~ic institutions. Investment 

expenditures and related activities permit competitive firms to evolve and 
. 

the y clBarly must be partially determined by compositional factors. This 

evolutionary perspective is compl~x if dealt with adequately but the impact 

o{ compositi6nal shifts in output on investment can'~ be illustrated by a 

simple modification of common n~oclassical models of capital accumulation, 

slIch as the stock-adjustment formulation presented in' Branson (1979, pp. 

224-227) • 

Unéer competitive conditions with 1 parametric prices and production 

possibilities described oyâ well-behaved Cobb-Oouglas function 

a = AK- L 1-., 
_4 

a re~resentative firm can be assumed to m~mize profits 50 

, 
-~ ._\'1 ~"~':. ,!:>-.J .... ~~_., -' ... -~~. 

") 
,. > ·,1 
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where p is the s-elling priee of output, c or q (r + d) is the rentaI priee 

of eapi tal, .f is an interest rate, 5 is the physical rate of capital 

depreciation, Q is the level ~of output, K is an index of capital, q is the 

acquisi tion priee of the capital good, and both A and 
p 

",:.. L...-' ' '''0 ' 

a. are fixed 

... '~..cJ,-oroçUG:tion. coefficients .. 
.' ~/'1 ' 

By invoking an analagy prineiple, this 
CI ~"-o .'" r1 

";;?? ;;;uilibr~üm condition has often been 
.""' c..- '. 

used 

functions. Thê ~nipulation yields 

o' 
o 

K = 0( (pic) Q 

for aggregate magnitudes and 

whereby capital is pr~p;rtion~l ta output but the factor of ~portionality 
r 

depends on the relative priee (piC}. )mplicit in t!1Îs simple theory i5 the 

assumption that S t the ratio of replacement investment ta capit.al stock, 

is a fixed constant. 

Among other problems with the theory, it lacks dynamic content. This 

can be add~d in several different ways. One of these represents the, 
- . ---- -

outcome of the theory as 'des.i,red capital' and then expresses the firm' s ' .' 

(or economy' 5) expansion investment as determined by the change in this 

desired capital; namely 

\ 
0(6[ (p!c)Q] ~ ~Q t::.(p/c) + O(,(p/c) 6Q 

'\ 

Thus gross investment, l, i5 approximated by 

l ::: >0(1 D.{p/c} + ot
2 

t::. Q + 
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wi th other ~gredients omi tted as of a lower order of magnitude. From this 

basis, it is tempting to recognize gross investment expenditures for two 

separate capital goods by adding a further subscript: 

I. = OC l' ~(p/c.) + ()(2' ~O. + $',K. 
,11 1 1 1 1 1 

_ for i = 1, 2 

where capital-output specificity provides the justification for the 

Here output Q. is produced by using 
1 l 

K. and no 
1 

su.bscript given to J Qi. 

other cap ital good. Suppose, for simplicity, it is meaningful ta u~ , 
aggregate magnitudes formed by simple sums of the {IiS and 'the -1 0i~ '. Let 

these be denoted I, for (I1 + I 2 ), and 0, for (Q1 + O2 ). 

l = l;OC1 . ~(p/c.) + ~~2' ÂQ. + '46. K. 
11 1111111 

Consider the second sum of this mathematical expression of aggregate 

investment: 

This can be re-expressed by a numbe~ of 'decomposition formulae' (or shift

and-share formulae) but it is easier ta assume; compositional shift tbat , 

leaves total output unchanged so 

Then the second sum is 

which is positive or negative depending on the relative- size a of the 

-
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~ (toefficients, 0( 21' and 0< 22' as well as on the composi tional shi ft 

af~ecting ÂQ1' Whereas the aq:::eleration impact of ~ in the first model 

with only one capital good is clearly zero, it hàs to be a~gmented by 

r 

compositional impacts as saon as we enlarge the model ta include additional 

capital goods. These impacts occur ,even when ÂQ is identicall y zero sa 

seems inadequate ta represent the difference between gross investment and 

"replacement investment" + in this model as "expansion" 

investment. Such terminology distorts the treatment of these phenomena 

when we acknowledge multiple capital goods and the attendant canstraints of 
• 

capital-output specificity. 

5. Structural Inv~stment: Some Strong Empirical Support 

..... ~ ~----=;-----~. , 
Before we examine more evidence in faveur of our hypothesis of 

structural investment, let us review our deffnition of structural 

i\vestment. First, structural investment has nothing ta do with expansion 

or maintenance -of production capacity--where the ~nderlying assumption is 

that the firm is committed ta the same line of activity. Where the firm 

adds ~Q its production capacity, the expenditures incurred are clearly 
f 

expansion investment. Where the firm maintains production capacity, it 
. 

does sa' in large part by ,replacing companents of major pieces of capital 

equipment. ~hese expenditures are -expensed and therefore do not appear in 
) 

f 

capital inve~tment figures. This leaves us'with a major segment of capital 

investment spending which does not belong ta either category. In some 
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industries, for example the U.S. iron and steel and automob~ndu~tries, 

it makes up the majority ·of capital investmen.t outlays. 

structu+al investm~nt refe~s to capital expenditures intended for a 
\ "" 

variety of purposes, other than expansion or maintenance of production 

capacity. structural investment is intBnd~d (a) ta adjust or modify the 

firm's production eapacity ta produce a different praduct or output-mix; 

(b) to adjust or modify the firm's production process ta utilize a 

'different mix of factor inputs (capital, labour, raw materials, energy) so 

as to enhance produetivity and lower unit costs of production and (c) ta 

improve the~ of the work environment, the quality of the :output, and 

reduce pollution emissions (air, water and sound). Ch'anges "in the 

composition of demand, product and process technology., 'priees cif facter 
- , 

inputs, the social-regulatory environment and the competitive environment 
) 

1<-,.. 

of the firm (whether domestic or international) continuously pose a threat 
,_ f 

ta the profitability and the long-term ability ta survive of the firme To 
~\ 

adapt ta its changing environrnent, the firm i5 pressured ta find J!learrs~ ta 
. - ~ 

ênhance its n~t revenue by substituting among pr~ducts--and\to reduee its 

costs of ~oduetion by SUbstituting-Tn~:U;:f factors wlth lower cost. 

This process of adaptation, generally though not always, entails a flow of 

capital investment outlays. TblfPY appear under a variety of labels 

including upgrading, modernizati~n, modifications, retrofitting, upgraping 

and replacement, pollution abatement, productivity enhancement and 

rationalization. What all these terms have in commDn is change in the 
-

structu~e· of production tD enhance profitability and ensure the long-term 
,~ 

viability of the firme Hence, we have groupeçf them under the heading of 

1 

.. j 
) 

1 / 

\ 

~ 
1 

1 
, 1 

1 
! 
Î 

1 
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structural investment. 

let us turn ta sorne of the evidence. Table 5-8 provides data on 

replacement and modernization in major United states f manufacturing 

industries for .1985. 73% of total manufacturing investment'br $111.8 

billion we~e devoted to some form of structural investment. 
1: 

The share of 

such expenditures is over 85% in a number of industries, such as Iron and 

steel, nonferrous metals z nonelectrical machinery, autos, trucks and parts, 

fabricated metals, rubber and plastics and textiles. In the automobile and 

Iron and steel sectors, the share of structural investment is as high as 

98% and 97% of total capital outl~ys. It is interesting to note that in 

many cases, high structural investment outlays occur despite absolute 

decreases in production capaci ty (iron and ste-el, electric machinery, 

petroleum) or low rates of capacixy utilization (iron and steel, electric 

machinery, nonelectricai machinery, chemicals and petroleum). Aiso high 

shares of struct~ral investment are generally positively corre~ated with 
1 

high ratios of equipment ta plant ôutlays. Since much replacement , 
investment takes the form of minor replacements and .therefore is expensed, 

~ ~ 

highly unlikely that a1l of these expenditures for replacement and 

"like-for-like" replacement purposes. It 1s most 
.) 

therefore, that they have been incurred for some form of 

structural investment, thereby providing strang direct evidence in support 
r~ 

of our hypothesis. ' \ 

Table 3-1, -suggests that structural investment outlays have averaged 

over~O% 'of capital _ spending in the U.S.A. since 1950, with this share 

rising signi ficantly since 1980 to weIl over 60% of real/"manufacturing 
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Iron & Steel 
Nonferrous Metais 
Electrie Maehinery 
Nonelectrical Machinery 
Autos, Trucks & Parts 

. Aerospace 
Otner Transp. Eq~ipment 
Fabricated Metals 
InstrumSnts 
Stone,' Clay, Glass 
Other Durables 

Total Durables 

Chemicais 
Paper & Pulp 
Rubber & Plastic 
Petroleum 
Food & Be\Jerages 
Textiles 
Other Nondurables 

Total Nondurables 

AlI ManuJaeturing 

* As of Oecember, 1985 

~ ... 
.-~~~-~ 

TABLE 5-8 

REPLACEMENT & MODERNIZATION EXPENOITURES & OTHER DATA: 
U.S. MANUFACTURING, 19B5 

Investment Repl. & Modern. Repl. & l!Iodern. Capaeity 
Expenditure Share Expenditures Expansion 
$ Billions % $ Billions % 

4.10 97 3.98 -1'.83 
1.88 91 1. 71 +7.46 

15.57 65 10.12 -0.90 
15.97 87 13.89 +1'4.14 
14.45 98 14.16 0.00 

3.46 78 • 2~ 70 ,< 

1.38 ...l_ +5.80 
3.56 86 3.06 1-1.15 
3.72 75 2.79 -1.15 
3.40 7B 2.65- +1.56 
7.03 59 4.15 

73.14 81 59.24 

16.45 72 11.84 +1.93 
8.53 64 5.46 +3.12 
3.83 91 3.49 +0.55 

26.68 60 .1' 16.00 -1,.43 
10.29 70 7.20 +4.40 
1.78 85 1.51 +2.38 

12.45 44 5.48 
~ 

80.01 64 51.20 

153.15 73 1 T1 .80 +5.09 

r 

Capaeity 
Utilization 

Rate* 

60.2 
98.3 
76.1 

·67.0 
96.1 
84.6 

68.8 
75.9 
87.0 
76.1 

78.3 

72.2 
90.7 
8a.5 
87.4 
87.3 
84.8 
88.0 

77.8 

77.2 

Source: MFGraw-Hill (1986) Historieal Capital Spending! Related~, (Economie Dept.), New York 

o 

. 

1 
Equipment 
\JS. Plant 

Share 
r 
( 

94 
95 
77 
84 
93 
75 

86 
65 
87 
87 

84 

84 
86 
91 
54 
80 
74 
73 

72 

77 

fi.) 

eN 
0\ 
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capital outlays. Again, it is highly unlikely that such significant 
~ 

expenditures have been devoted for purp replacement purposes. Data spanning 

, "'. /). 
~ shorter perl.od but w,ith greater dl~tail are available for Canada. Table 

3-2 and Figure 5-11 provide a breakdown by major purpose of capital 
- " 

spending in 6 the manufacturing s~ctor of Canada over the 1977-1985 periop 

(as compared with manufacturing and no~-manufacturing combined in Table 

4-5). structural investment in Canadian manufacturing has averaged 50% in 

1977 -1981 and has been rising since 1981, (surpassing 70% in 1985. The 

èxpansion shal'e has been decreasing over the same period from about 50% of 
--

total spending to about 30%. The drop in expansion has been most 

pronounced in new-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 

~tructural inves~nt by p~rpose is also shawn in Figure 5-11, and in 

Tables 4-6, 4-7 a~ 4-8. The replacement and upgrading component has risen 

from under 30% in 1977 to over ~5% in 1985 (out of total manufacturing 

investment) while the "other" investment component has risen from under 20% 

to over 30% over tne same periode As can be seen in Table 4-6", "other" 

investment includes capital spending in research and development, pollution 

abatement and working environment_ but also includes an unspecified 

component which has risen from 8.S% of total spending to 23.4%. Much of 

this represents spending on special tooling for madel change-avers in the 

automobile industry and plant conversions. Table 4-7 shows the breakdown 

_Df these re-~oling and conversion expenditures by major industry. Ma~or 

," 
~ beneficiaries have been the automotive sector, followed by the forest 

products and primat y metals sectors. Clearly we have .... additional 

CI 

• 
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FIGURE 5-11 

CAPITAL INVESTMENT EXPENDITURE SHARES, BY PURPOSE: 

CANADA, 1977-1985 
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evidence of structural investment outlays. At 70% of total manufacturing 

investment in both Canada and the U.S.A., they certainly de serve more 

attention. l 
l 

For further support of the hypothesis of structural investment, let us 

examine long-term capital spending patterns in two important industries of 

the U.S.A. economy, namely, the motor vehicle and iron and steel industries 

during 1957-1985. 80th provide convincing evidence of structural 

investment. . 
Tabl~ ,5-9 and Figures 5-12 and 5-13 provide data on capital 

investment, output, capacity and other variables for the automobile 

" industry. Why these --data are sa interesting is because the automobile 

industry ie weIl known for its frequent model changes and consequent re-

tooling expenses for plant and equipment. 

composition of output generates a positive 
'1 

They reveal ,how change in the 

level o~i~vestment outlays. .. 
'~eplacement and modernization" spending has averaged 74% over this period, 

u 

with the level of real spending on str~ctural investment exhibiting a 

rising trend, particu~arly since 1976. Firms in the.autqmobile sector have 

been significantly increasing their outlays for struotural purposes despite 

low capaci~y-utilization rates and very modest'increases in capacity. It 
" 

appears that structural inves~ment outlays are a key deter~inant in 

subsequently raising sales and capacity utilization. This can be seen 

since 1976. Despite falling rates of capacity utilization and negative 

profits, firms in the automobile industry maspively invested in structural 

changes. Intuitively, it is not hard te - see why the introduction of new 

car models with new styling, improved fuel e~fici~cYI better road handling 

" 

. ' 
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1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 

: 1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

0<\
f 

Total* 
Investment 

$811. 

2.08 
1.4B 
1.65 
1.94 
1.80 
1.88 
2.34 
3.15 
3.Sl 
3.88 
3.42 
3.06 
3.33 
3.23 
2.49 
3.00 
3.71 
3.B5 
2.57 
2.'=1 
3.94 
4.50 
4.71 
4.69 
4.70 
3.44 
3.!J5 
4.50 
5:59 .. 

, 

Expansion Rapl. " l'lod. 
Share Share 

S S 

30 10' 
14 :86 
11 89 
15 85 
10 so-
1 93 

11 89 
21 79 
51 49 
49 51 
65 35 
43 57 
54 46 
27 13 
18 ai 
14 86 
45 55 
31 ,63 
46 '54 
42 58 
40 60 
35 65 
24 76, 
13 87 

9 91 
2 9B .. 
3 97 

14 86 
2 98 

*In billion3 of 1972 constant U.S. Dollars. 

'. 
/ 

,./ 
." ~v -

Table 5-9 

INVESllIENT. ruTPUl & CAPACITY, U.S.A. 
l'IlTeR VEHICLE ItnlSTRY: 1951-1985 

-------

Expansion Repl. " l'lod. Total Total Capacity Plant Equipment 
Investment* rnvesbnent* Output Capacity Utilization Share Share 

$Bil. SSU. "1111ons 1967=100 S S S 

J 0.62 1.46 1,2 75 76 NIA NIA .. 
0~21 1.21 5.1 71 18 NIA NIA ' \ 

0.18 1.47 6.7 78 68 17 83 
0.29 1.65 7.9 8-1 eo B 92 
0.18 1.62 6.7 62 86 20 BD 
0.13 1.75 8.2 83 8B 21 79 
0.26 2.08 9.1 85 89 22 78 
0.66 2.49 9.3 87 95 19 81 
1.95- 1.S8 11.1 93 96 21 79 
1.90 1.98 10.4 96 90 24 16 
2.22 1.20 9.0 100· 89 19 81 
1.32 '-74 10.6 102 91 25 75 
1.80 l.Sl 10.2 lOS 8S 24 ,76' , 
0.87 2.36 8.3 112 87 18 82 
0.45 2.04 10.7 113 97 12 8B 
0.42 2 .. 58 11.3 119 109 22 76 
1.67 2.04 12.7 124 90 16 B4 
1.42 2.43 10.1 126 55 25 75 
1.18 1.39 9.0 131 72 25 75 
1.10 1.51 11.5 136 91 17 83 
1.58 2.36 12.7 147 90 ' 18 82 
1.58 2.93 12.9 148 83 16 84 
1.13 3.58 11.5 150, 74 35 65 
0.61 4.08 8.0 152' 61 15 85 
0.42 4.28 7.9 152 61 21 79 
0.07 3.37 7.0 152 57 9 91 
0.09, 2.96 9.2 152 B4 6 94 

'0.63 3.B7 10.9 160 81 13 86 
0.11 5.48 160 96 7 93 

h 

Source: Oepartment of Commerce 8ureau of Economie AnalY~SÜrVey ~ Curtent Business. Sept. 1981, pp. 26-41. 
McGraw-Hill. Department of Economies, HistoIica apital Speoding! Related Data, June 1986. 
l'Iator Vehicle PlanufactuIers' Association (1985), Facts !!!!! Figures '85, Detroit. 
trlotor Vehic1e Planufacturers' Association (1986), Economie IndicatoIs: lb!!. ~ Vehicle's !!2!! 1!!!b!t!L:2.:. 
Economy, Detroit. 
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FIGURE 5-12 

t:APITAL INVESTMENT EXPENDITURES IN U. S. AUTOMOBILE 
INDUSTRY: 1957-1985 ' 

, 

Capital-Expenditure~ 
In Real 1972 Dollars 

... 

. . . ... . . .. . .. . 
• • . . ". . .... l ...... 

Total Investment 

Structural Invest
ment 

Expansion Investmen1 

57 SI S. GO " Q " , .. '5. 6T It ,. 1t' l' 1~ 13 7'4 75, '16 71 'l~ ~ iO CI f:t n ot RS Time 

Source: Department of Commerce, BEA, Surve~ of Current Busines~, Sept. 19à1 
McGraw-Hill, Dept. of Economies, H1storical Capital Spending & Related Data, 

June, 1986 

N 
po .... 

<# 



.,. i 

" -
FIGURE 5-13 

l , 

STRUCTURAL ,INVESTMENT AND CAPACITY UTILIZATION RATE: ~; 

Structural 
Capital Expenditures 
In Real 1972 Dollars 
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and improved quality, shoul~-subsequently raise the ~evel of sales and 

consequently the rate of capacity utilization. Ouring the six-year period 

1980-85, U.S. automobile producers spent $21 billion (in 1972 dollars) on 

re-structuring their production processes. Ouring this period the 'share of 

"replacement and modernization" -averaged 93% of total capital spending, 
,\ 

. JI 
while the share of equipment outlays averaged 88%. Total capacity 

increased by only 5.3% during this six-year 'periode Analysis of the 
1-' 

changes that have occurred recently by, for example, the Motor Vehicle 
. 

\:;J 

Manufacturers' Association (1985, 1986) reveals that there has been an 

ynpr~ceden~7d·rise in new mode~ introductions, a massive shift 'from rear

wheel-drive to front-wheel-drive, substantial reductions in car sizes and 

weight, substantial improvernent in fuel efficiency and quality~, as 

evidenced by vehicle owner satisfaction ratings and extension of automobile 
'" 

warranties. There has also b~._ massive re-tooling in new computer 

numerically-controlled (CNC) machine tools, robotization (in paint shops 

é'\nd welding), 'statistical process control (SPC) and just-in-time (JIT) 

/ inventory methods2• An examination of the Annual Reports of the "8ig Four" 
~ 

automakers, as weil as industry journals, will impress the reader of the 

extent and nature'of this massive restructuring of the production process. 
~ 

Table 5-10 provides additional eVide~om G.M. Canada Ltd., for which 

national segmented figures are available. Despite a drop in earnings and 

even losses in,1981 and 1982, G.M. Canada mounted a massive i~estment 

o 
& 

2 For a description of these new technologies see Scientific American 
(1982) and Economic-' Council of Canada (1986). The latter publication 
includes many examples of the application of these technologies in Canada 
by Chrysler, G.M. and Ford. 

" 
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TABLE 5-10 

~ SALES, IN~ & CAPITAL INVEST~NT: 
GENERAL MOTORS OF CANADA, 1976-1985 

~' - , 

.1!lli - , .1[ll 
~ .1[!1! ~81 

lklit Sales 852,896 842,785 699,797 677,285 

cNet Sales 
"'llUOns - of S 5,t98.8 6,115.4 7,721.1 9,409.8 9,451.3 10,416.1 

" Net Income 
1'11111ons of S 159.8 180.6 203.0 246.8 . 55.0 . (10.3) 

Plant & Equipment 
Expendi tures -:, 38.7 116.5 86.2 177.2 468.5 784.4 

[""1 

Special TooJ.s 
Expenditures 122.3 183.0 74.8 141.8 290.6 316.2 

Total Investment 
Expenditures. 161.0 . 299.5 161.0 319.0 760.1 ! 1,064.6 

• '"\ ~ 

Source: General l'lotdrs of Canada Limited, Aonual B~r~. 1981-85. 
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564,704 801,779 

9,570.5 13,805.4 

(71. 7) 675.6 

201.6 155.0 

122.6 187.1 

324.2 342~ 1 

825,599 

16,297.7 

8BO.8 

184.8 

82.7 

267.5 

.\ 
',\ . 

841,446 

18,993.3 

713.0 

541.0 

133.4 

674.4 
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program to re-tool and modernize its facilities. S~ific examples of 

automotive structural investments are given in Table 5-13 at the end of 

this section. 

Tables 5-11 and 5-12 and Figure 5-14 provide similar data for the U.S. 

iron and steel industry. Whilë 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 posed by-European 

and J~panese producers and the dramatic increase in the priee of gasoline) 

through massive re-tooling and structural investmeQt, the U.S. iron and 

steel industry is as example of an industry that failed to adapt quickly 

enough to changes in its market environment. Capital ~ending in this 

sector was substantially less than the automobile sector ove~1 957-1985 

4 periode As a result t the iron and steel industry failed to introduce the 

type of newer technologies which provided the competitive advantage to 

off-shore producers, such as electri~al steel making and continuo~s casting 

technologies • As a result, iron and steel output has been falling since 

.1980, steel-making capacity has been diminishing, there have been dozens of 

plant closings and massive layoffs while the rate of capacity utilization 

has reached historical lows. Yet ev en here, U.S. steel makers are now 

making sorne efforts to adapt ta the ,competitive challenge. Structural 

investmenr"outlays ~ve risen since 1975 relative to previous periods. 

U.S. steel producers are currenlly in the process of expanding.the mor~ 
'\ 

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 whi~e j 

the percent of steel cast by continuo us , casting methods has risen from 
o 

\ , 
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TABLE 5-11 ~ ... 

INVESTMENT, OUTPUT &·CAPACITY. U.S.A. 
IRON & STEEL INDUSTRY: 1957-1965 

\, , 

" Total* Expansion Repl. & l'lod. Expansion Repl. & l'lod. Total Total Capacity Plant Equipment 
Year Investment Share Share Investment Investment Output C!!Eaeit;t Utllization ~ Share 

,~ $ 1972 Tons 1967= 
Billions ~ ~ S Bil. S Bi1. Millions 100 % % ~ 

1957 2.00 60 40 1.20 0.80 112.7 79 68 
1956 1.48 55 45 0.61 0.67 85.3 83 73 
1959 1.12 39 61 0.44 0.68 93.4 86 96 21 79 
1960 1.84 19 81 0.35 1.49 99.3 86 50 22 7B 
1961 1.20 16 B4 0.19 1.01 98.0 B7 83 lB 8~ 1962 1.01 18 82 0.18 0.63 96.3 88 75 21 7 J 
1963 1.19 JO 70 0.36 0.63 109.3 BB 15 65 
1964 1.90 40 60 0.76 1.14 127.1 90 13 87 
1965 2.09 30 70 0.63 1.46 131.5 94 13 87 
1966 2.20 24 76 0.53 1.67 134.1 9S" 12 BB 
1967 ..r 2.36 29 71 0.6B 1.68 127.2 100 10 90 
196B 2.39 49 51 1.17 1.22 131.5 103 11 89 
1969 2.10 64 36 1.34 0.76 141.3 107 12 88 
1970 1.76 69 31 1.21 '0.55 131.5 lOS 10 90' 

:0- 1971 1.32 46 54 0.61 0.71 120.4 110 12 88 
1972 1.06 37 63 0.39 0.67 133.2 110 14 86 
1973 1 ~19 32 6B 0.38 0.81 15O.B 111 95 11 ' 89 
1974 1.65 74 26 1.22 0.43 145.5 114 82 11 89 
1975 2.28 31 69 0.71 1.57 116.6 115 62.5 11 89 
1976 2.1B 34 66 0.74 1.44 128.0 111 70.5 13 87 
1977 1.00 29 71 0.55 1.35 125.3 115 71 12 88 
1978 - 1.56 24 76 0.37 1.19 137.0 116 88 11 89 
1979 1.68 26 74 ' 0.44 1.24 117 1.J3 11 89 
1980 1.69 33 67 0.'56 1.13 111.8 117 82.6 8 92 
1981 1.67 32 6B 0.53 1.14 120.8 121 71.5 8 92 " 
1982 1.67 15 85 0.25 1.42 74.6 121 43 18 82 
1983 1.36 14 86 0.19 1.17 84.6 120 54.3 13 87 -}; 

~; 

1984 1.42 16 .... 84 0.23 1.19 92.5 109 61.9 14 86 ~ 

1965 1.58 j 'J7 U.lh l .:>~ 68.3 lU7 &0.2 fi 94 
~l 

72.9 
• .,,}>~ t 

* In billions of 1972 constant U.S. dollars. .. ~ 

SOOOCE: Oepartment of COIIIIIerc;e. BEA. Survey gf Current ,!')usiness. Sept. 1981, pp. 26-41. N 
.J::-

PlcGraw-Hlp Departlnent of Economies. Historlcal Cc;:ital Spendlng ! Related ~. June. 1986. Cl 

American Iron Il • Steel Institute ,(19851 ~ Statlstics Report, IJ/ashingtOA, O.c.. 
) . ,\ ' .. 

""~~ 
~'" ~",,' 



;-'1"' ~ , 
1 

\ 

\ 
\ 

. \ 

1 

i"-

) ~ 

f1t 
\' 

9-

Table 5-12 

PRODUCTION, INC~E & INVES~NT STATISTICS. 
U.5. IflON & :fEEL lNOUSTRY: 

1976- 985 

• 
Gross 

: Steel Steel 'ft of IqJClrt Net Capital Fixed Average 
Year \ Prod.Jction Capabi li ty Capability Share Income Expe.ndltures Assets Enployment 

Mil. Tons lIIil. Tons % % l'Iil. $ "'IUions S Thousands 

1976 126.0 156.3 60.9 14.1 ,. 454.1 
1971 ~ 125.3 160.0 78.4 1'7.8 452.4 
1978 137.0 157.9 as.é 18.1 ~ 449.2 
1979 136.3 155.3 c 87.8 15.2 80s 2,469 36,000 453.2 
1980 111.8 153.7 72.8 16.3 681 2,651 37,717 398.8 
1981 120.8 154.3 78.3 18.9 1,653 t 2,371 38,971 390.9 
1982 14.6 154.0 48.4 21.B. (3.384) 2.258 38,518 289.4 
1983 84.6 150.6 56.2 20.5 (2,231 ) 1,850 34,283 242.7 
1984 92.5 135.3 68.4 26.4 (31) 1,203 35,190 ..c.o 
~985 88.3 133.6 66.1 25.2 (1,743) 1,688 35.469 8.2 
1986 72.9 

*Output/Man-heur œ 

Source: American I~on & Steel Institute (1985) ~ Statistical ~I Washington, O.C. 
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'ft':er U.S. Ptoduction 
,By Tye of F~rnace By Type Cast 

00_ !!œ l!!i!Eb. Œngots Continuous 
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1 

18.3 62.5 19.2 89.3 10.6 
16.0 61.8 22.2 87.3 12.5 
15.6 60.9 23.5 84.6 15.2 
14.0 61.1 24.9 82.9 16.9 
11.7 60.4 27.9 79.5 20.3 
11.1 60.6 28.3 78.2 21.6 

8.2 60.7 31.1 70.9 29.0 
7.0 61.5 31.5 67.8 32.1 
9.0 57.1 33.9 60.3 39.6 
7.3 58.8 33~9 '55.5 44.4 
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FIGURE 5-1"4-' 

CAPITAL EXPENDITURES IN THE U.S. IRON & STEEL INDUS~Y: 
1957-1985 
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10.6% ta 44.4% over the same' periode In the meantime, productivity has 

also been rising. The message is clear: U.S. iron and steel makers either 

.cemmi t themselves to massive structural .invest~nts te lower costs and 

improve quali ty or tliey will continue losing share ~ the demestic and 

" world steel market. It is through cap'ital re-structuring that the U.S. 

steel industry. can survive and prosper in the long-l'un and this entails 

structural investment eutlays. 
-

Table 5-14 pro vides some specifie examples of structural investment. 

It con tains summaries taken from the press and indus~r:y journals in Canada 

of capital investment projects, whose purpose is to . modi,fy or alter the 

production process, and in most cases, also change the quality or the 
, 

nature of the product. Aside Tram the Canadian aytomoti ve sector (which 
~/., 

paralle ls trends in the U. 5 • A .) th e Cjnadian pulp and paper, textile, shQ.e 

manufacturing and petroleum refin(ng industrie; hav; been excellent 
" '" 

examples of structural inv~stment activlty. Examine, for example, sorne of-

the capital spending projects in the pulp and paper industry. There have 

been two major developments in this sector. First, pulp and paper makeps 

'have been converting their newsprint mills ta thermomechanical (TMP) and 

chemi-thermo-mechanical (CTMP)- pulpirg 
.

processes, away from theQ more 

expensive traditional groundwood pulping process. Second, many I/lewsprint 

mills have been con\1erted ta the production of di fferent types of I?aper, 
,.; 

for example, 
, 

super-calendered paper. l' Ta quote one industl'Y analyst, Jim 
j 

Rowland, publisher of the Canadi!n Papel' Analyst: 

"The appeal of the pl'oduct [ super-calendered paperJ 
matel'ials as advertising flyets, newspaper inserts 
guides- is that outdatecr' newsprint machines can easily 

-used 'in such 
and television 
be upgraded ~o 
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praduce the super-calendered paper. 

Indeed, anyane with a newer newsprint mill will probably just want ta 
keep it up-to-date and praduce newsprint, but someone with an oider, 
or smaller, mill that is going to~ need massive reworking anyway is 
likely, nowadays, ta consider ,the tonversion ta specialty grades." 
(Montreal Gazette, Oecember 1 ~, 1984)., 

Other gaod examples include Dominion Te~tile, IBM and a number of oil ,. 
compa~ies. IBM for example, spent $100 million in 1984-85 ta convert its 

Bromont plant fram electric' typewriter assembly (a field that IBM has been 

abandaning to shift to more profitab~e areas) ta production of multilayered 

ceramic components (MLC). A number of ail companies (Imperial ail, 

Ul tramaI' , Gulf Oil, Petro'sar and Petromont) have incurred capital l ' 

expenditures to modify t~r output mix and expand the'versatility of their 
,..-

ail refineries in ~sponse ta changes in the composition of market demand 

and relative feedstack priees. 

The conclusion that emerges fram the foregaing evidence is firm. The 

structural investment Jhypothesis canno~ be rejected and de~erves further 

invel?tigation. 

~ 
6. Structural Investment as a ,Strategie Option 

( 

Change in the ~rm's market environment; such as product and,ptocess 

innovation, change in consumer tastes and preferences, shif,ts in the 

domestic and international structure of compat~ttve"advantage, change in 
./ .-

the priees of factor inputs (labour, energy, raw materials), change in the 
'\ 

structure ~f industrial organlzation, organizat~onal and man~gerial, 
/ 

/ 

1 1 • 

1 
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STRUCTURAL INVESTMENT CAPITAL SPENDING PROJECTS, 
CANADA: SOME SPECIFIC EXAMPLES 
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AUTOMOBILE INDUSTRY 
~ 

CHRY~ER CANADA LTD. Spent $400 million in 1983 to ~verhaul its Windsor 
plant. It gutted the 55-year old car assembly plant and built a higQly 
autemated 16 km-long assembly line where shifts of 3,000 workers, aided by 

o 125 robots turn out 912 front-wheel _ wagons per day. Montreal Gazette, 
February 25, 1984. 

GENERAL MOTOas CANADA LTO. - Spent $36.6 million in 1984'to~convert Ste
Th~rêse "plant from production of Chevrolet Monzas, Oldsmobile Starfires and 
8uick Skyhawks to Cutlass Supreme and Grand Prix models. Montreal Gazette, 
April 11, 1985 • 

. ~ 
- Spent $1 billion p-grade and modernize Oshawa truck assembly and 

parts stamping p~t. $2 million where spent for ~odernization of the 
stamping plant into high-t ~hnology operation; $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 illion at the St-Catherines engine plant te 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. 

is co sidering investing between $600 - $7QO million at Ste
car as sem ly plant. The plant is to be converted from productiçn 

r-wheel-drl cars te front-wheel-drive cars with a much higher 
of automation. The models considered are the Chevrolet Celebrity, 

Pontiac 6000, Oldsmobile Sierra and 8uick Century. Montreal Gazette, 
November g, 1986, August 8, 1986 and Globe and Mail, November, 1986. 

~ 
- Spent $18 million at Ste-Th~rèse plant ta increase the line speeds _ 

from 42.5 to 46 jobs per hour. This adjustment will allow plant ta expand 
production ta 736 cars a day from 680. ~M,;;.o;..;.nt.;;.;r;;..;e;,;;a;.;:l:....;;.G.:;,a;;;;ze=..;t;;..;t;.;;;.e, April 11, 1985. 

~ 
FORD OF CANADA LTo. Spent $115 million to retool and convert ïts 3D-year 
old Oakville Assembly plant for production of frQnt-wheel dr~ve Ford Tempo 
and Mercury Topaz .cars. Ford News Release, August._j 1, 1981. 

i' 
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- Spent $1~0 million during 1984 to modernize paint facilities at st
Thom~~ assembly 
30, ~8S. 

plant and Oakville truok plant. Ford News Release, April 

Spent $1PO million du ring 1985-86 
retooling. Ford-News Release, May 13, 1986. 

PULP AND PAPER INOUSTRY 

at--Essex 
/ 

J 

Engine plant for 

'OOMTAR INC. - Spent $85 million to convert newsprint mill in Dolbeau, Que. 
ta thermo-mechanical pulping in 1985-86. Oolbeau rr.ill will substitute 
thermo-mechanical pulp in place of mechanical groundwood and chemical 
pulps. Thermo-mechanical pracess makes more efficient use of wood fibre; 
project aimed at "securing the mill 's long-term viability'~ by ensur~ng 
competitiveness. Montreal Gazette, JUne 7, 1985. . 

- Spent $90 million in 1984 ta convert newsprint mill at Do~a~na, 
Quebec ta thermo-mechanical pulping. Montreal Gazette, June 7, 198~,,\ 

• KRUGER INC. ."" 5pent $167 million in 1985-86 Jaf modernizatian and 
up-grading 'Of 49-year old 80water Nfd. plant. MiTI 'was purçJ1ased from 
8~tish owners who instead of re-investing in expensive modernization of 
the plant opted ta re-invest in beefing-up U.S. operations. Montreal 
Gazette, September 19, 1984. , 

, 1 

REEO INC. - Spent $260 miltion in 1983-86 to modernize and up-grade Quebec 
City newsprint mill, fnéluding a 100,000 ton increase in capacity. 
Capacity increase is "almost a by-product of original $199 million plan 

.,' begun 3 years aga 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 alang with the modernization, so we decided to 
expand the plan". Out of total sum, $105 million went for modernization; 
$45 mill,ion for quali ty improvement -""easures and $10 million for work 
conditions, ta improve work stations, locker rooms and cafeterias. 
Montreal Gazette, 1984. 

CASCADES INC. - REXFOR INQ. - Spent $100 million ta reopen ITT-Rayanier 
mill at Port Cartier, Que. which was closed in 1979. Funds used to 
convert mi-ll to produce a new product, bleached chemi-thermochemical pulp, 
which requires less wood fibre than conventional pulp. ~ 1Vlontreal Gazette, 
Nove'mber 14, 1,985. / . 

• 
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CONSOLIDATED BATHURST ,INC. - Spent $62 million to convert Trois-Rivières 
newsprint mill ta production of directory paper. Pulp and Paper ,Magazine 
of Canada, March 1, 1980. 

CANADIAN INTERNATIONAL PAPER Co. - Spent $15.1 million on boardmill 
pr9duction improvements and miscellaneous environmental control projects in 
La, Tuque, Que. and $3.8 million on production machine modernization and 
faci~ity modifications in irois-Rivières (total $19.5 million). Cana di an 
Pulp and Paper Institwte, May, 1980. 

~, 

MacMILLAN 8l0EOEL lTO. - Spent $197 million on modernization and re
novation projects at Powell River, 8.C. Canadian Pulp and Paper Institute, 
May, 1980. 

HAYONIER CANADA LTO. - Spent $400 million during 1980-85 on expansion 
pr6gram at its Port-Alice and Woodfibre Mills, B.C. The emphasis of the 
project is energy efficiency thraugh modernization. Modern Power and 
Engineering, February, 1980. 

ABITIBI-PRICE INC. ,Spent, $60 million 
linerboard mill at Stephenville, Nfd. to a 
Mail,' November 23, 1979. -
OTHER INDUSTRIES 

in 1979-80 to canvert the 
newsprint mill~ Globe and 

DOMINION TEXTILE INC. Spent $15 million to madernize Long-Sauit, Ont. 
yarn. plant near Cornwall, Ont. in 1985-86 and $17.5 millj.on 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 ta transfer and consdlidate apparel fabric 
printing operations fram Magog finishing plant to more modern facility et 
Beauharnois. "Market conditions today are such that apparel manufacturers 
are requiring wider, fabrics and a quality of colour reproduction which make 
cappe! roll engraving and roller printing cbsolete... the new technology ~ 
calls for rotary screen printiny and high temperature colour steaming which 
the Magog finishing plal'1lt- (built in 1880) cou Id not accomodate." Montreal 
Gazette, April 28, 1984. 

'\, 

INTERNATIONAL 8USINESS MACHINES - Speot $100 million in 1984-85 ta convert 
Bromont, Que. plant from electr~c typ~writer assembly ta production of 

/ 
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~ultilayered ceramic electronic (MlC) components. ,Since 1972 the IBM 
Bromont plant has gone through 4 refittings: a} ceramic'substrates; b) 
electronic typewriter assembIy; c} single-layer circuit production and d) 
multi-layer circuit production. Financial Post, June 4, 19B4. , 

C~ INC. - Spent $20 million over 1985-87 ta modernize and upgrade raw 
m~erials handling, , manufacturing and storage facilities at its Beloeil, 
Que. plant. Emulsion ~xplosives ta replace nitro-glycerine based 
explosives. Montreal Gazette, November 27, 1984. 

CANRON INC. - Spent $11.6 milli~ in Hamilton, Ont. steel plant to 
substitute electric furnaces ta Iower production costs and remain 
comp~titive. Financial Post, June 4, 1984. 1" .. 
IMPERIAL OIL LTO. - Spent $59 million 
water, air and noise pollution control 
($9 million), process eff iciency ( $1 0 
million) and $9 million on miscellaneous 

at Dartmouth, N.S. refin~ .. -
($18 million), energy conservation 
million), crude flexibility'($13 
projects. Oilweek, June 9, 1980. 

- Spent $60 million in 1980-81 at Montreal refinery on modifications. 
Ta reduce production of heavy f,JleÏ5 oils and asphalt and increase gasoline 
and diesel output and $12 million on air and water quality control. 
Oilwee~, June 9, 1980. 

ULTRAMAR' CANADA LTO. - Spent $150 million at its St-Romauld, Que. 
refinery in an effort to reduce "production of residual fuels. Heavy 
Construction News, May 26, 1 9aO. • 

GULF\CANADA PROOUCTS Co. - S~~ $40 million on modifiçation program at 
the Clarkson, Ont. ' lube plant. Oilweek, June 9, 1980. 

\ 
PETROSAR LTO. and SUNCOR INC. - Spent $500 million to upgrade production 
at their ail refineries at Sarnia in an at~mpt ta deal with overproduction 
of residual fuels. Heàvy Construction News, May 26, 1980. 

PETROMONT INC. - Spe~t $20 million at Varennes plant for modifi~ations 
wktch wili expand the plant!s flexibility in choosing between natural gas 
liquids and petroleum-based feedstocks, according to market forces. This 
will allow the plant to lower i ts costs of production and: become 
comp·etitive. Montreal Gazette,. August 27, 198~. #" 
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innovations, change in the('legal, social and institutional environment as 

well as change in c'onsumer and managerial attitudes are constant 

characteristics of capitalist, market or free-enterprise economies. In . 
order to secure an adequate rate of profit (and indeed its long term 

4 
survival), the firm engages in an on-going process of adaptation, either by 

actively seeking out and i~itiating this or by responding to change in its , , 
market environment. As we have seen, one o~he primary pathways in this 

proce5s of adaptation i5 structural investment. That the firm will 

automat!cally respond ' in sorne predictable fashion to this change is not 
{ ~ 

certaIn, however. 'Given sorne change in its market environment, whether a 

fi~m will undertake structural investment i5 also a function of its , 
willingnes5 and its ability to dp so. Structural investment is thus not 

inevi table. 

, Let us consider three examples from th~ U.S. e~nomY, namely, the 
, 

computer indûstry, th,e 

Ove!" the last fifteen 

automobile industry and the iron and steel industry. 
\. ''1 

~ years major chaQges have ~een.taking place in the 

world 
, 

economy: ,techno 1ogica1 chang,e , product and process innovations, 

shifts in the structure of international comparative advantage and change 
~-

in th~ international pattern of production and trade. Europe and South-

East A?ia (Japan, South Korea, Hong Kong, Singapore and Taiwan) hav~ 

emerged as major contenders in shared markets fOI each of ,these-three 

J important industries of the t1.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 re5ponded to this challenge? '~The\ computer indu5try, as 

.. 
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personified by IBM for example, has engaged in a series of offensive 

responses, designed to pre-empt~ jr0reign 

competitive- edge over its ma~. Its 

il 

producers from acquiring a 

response was ta introduce new 
" 

products (personal computers, printers, main-frame comp~ters, interactive 

systems, and multi-layered ceramic components) while getting out of the 

production of other products which were deemed le~s profitable and 

pote~ti~lly obsolete (such as typewriters). It ihv~s~ed' in automation of 

its production processes in order to l~wer cast and impro~e . quality. The 

Bromont (Quebec) plant, as 
~ 

shown in Table 5-13 for example, has undergone 
, 

four refittings since 1972. Sy aggressively respondi~ ta change,ln its 

market envirbnment IBM -succeeded in maintaining a high rata of , 

profitability and, sa far, in securing its long-term viability. The 

impor~t-share of main frame and micro computers has remained low despite :t ' 
aggressive competition from off-shore produced ~lones. Unlike man y other , 

firms in t~e U .• S.A., IBM successfully resisted the choices of relocati.f:lg 
\ 

productièn facilities to South-East Asia and of outsourcing the production 

of certain components to low c6st off-shore producers. As a result, the ... 
U.5. economy, has been spared from the erosion of some production 

facilities, employment, income and tax revenues ta off-s~ore countries that 
\ 

shoes, textiles and has been sa common in (such -as other industries 

co~sumer electronics). ~. 
1~ stark contrast stands the U.S. iron and steel industry. A mainstay 

ù" 

of the U.S. 'economy for over a century, the steel industryemerged 

dominant afte,:!: the Second Worlçf War and remain~d unchallenged through the 

19505 and 1 9605. 
, 

Beginning with ~he early 19705, it begun facing stiff .. 

(' u ( 
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competition from steel makers in Europe and Japan, and in more recent years 

from those in South Arriea, Spain, Brazil and South Korea. While aIl 

foreign produeers were increasingly relying on the more efficient 

electrieal steelmaking proeess and continùous casting technologies, the 

u.s. in~ustr~ failed to improve its production proeesses with the result 

that imported steel became superior in quality and of lower cost. Foreign-

made steel penetrated deeply into CU.S. mar~ts, undercutting the 

profitability of domestic steel producers and threatening their very . 
. , 
survival. 

( '-" , 
U.S. steel production has dropped from 136.3 million tons in 

1979 to 72.9 million in 1986. Employrnent has dropped from 453.2 to 181.0 

thousand in 1986. Net income lilas negat.tve since 1,982, wi th multi-billion' 

dgllar losses occurring in a few years. Dozens of steel plants were 

p~nently closed. It is ironic' that the firrn which has been most , 
dramatically affected by this onslaught, U.S. Steel, was -the one ~ich 

decided to invest $6 billion in a takeover 6f Marathon Oil in 1982. Had 

its management the foresight to assess the ex te nt of the threat of foreign 

competition and the comrnitment to reinvest in modernizing its facilities .. 
and cutting its costs, it may not have ended up in ~his present 

• 
predicament. Clearly, the lack of willingness or abil~y on the part of 

integrated U.~ste~l fiFms to respond to the change in the environment has 

res~lted in losses to the industry, layoffs, ~eduction in incorne, tax 

revenue and a qiminution of production capacity. Not only has fore\gn-made 

steel displaced domestically-made st~el from the market ~ut fDreig~. 

0/ » 
.. production facilities have also Clisplaced U.S. product-ion facilities. 

Wl"lile the U.S. steel industry has nQlIl embarked in the process of 
~ 

f Il .,. 

{ 
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restructuring its real capital, (for example, contin~ous-~ast stee+ in~1~86 
accounteu for 54.1% of tolal steel as compared to 16.9% in 1979) the 

.. 
respanse has been tao 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 19705, it was slow to respond ta the competitive challenge being 

mounted by European and Japanese automobile makers. As a rèsult in the 

early 19805, it lost market share ta imported cars which were of better , 
quality, lower cast and mére fuel efficient. Chrysler Corporation's very 

survival was at stake in 1980. Despite their slow response, the major 
~ 

three automobile producers (G.M., Ford a~d Chrysler) rnsnaged to salvage 

bath their p~ofitability and long-terrn. viability by massively reinvesting .. 
in new product and process technologies. IWithout major 

investments which made possible the introduction, of new models of improved 

quality, fuel efficiency and competitive priee, a large ~roportion of U.S •• 

'automobile production capacity, employment and incarnes would have gone ta 

foreign producets. 
i 

Clearly, trnese three cases reveal the willingness and ability èf firrns 
" , 

to respond ta change in ma environments varies and depends on 

entrepreneurial perceptions and a,ttitude i the ty.pes of which are discussed 

by Peters . and ,Waterman (1982) and Reich (1983). Some firms respond to 

change morè- quickly than others. Those that do respond quickly exper~nce 

a higher prafitability and gro~, while athers face the pro~pect of lower 

profitabi!ity and eventu~l decline. Clearly, as we have said, struotural 
.. -

investment is not an automatic response' to market forces but a.strategic , , -

., 

.. 

., 
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option, and a matter of corporate policy. 
;'4) 

In mature industries facing constant or slowly growing markets, the 
. 

flow of structural investment is more di fficul t to model econometricall y .. 
than the flow of expansion investment in young industri~ facing growing 

~ 

markets. This relative di ffieul t y, however, 
1 

should not de tract from the 
~ 

importance of structural investment. As we have shown earlier, structural 

change is an on-going challenge, therefore the notion that firms undertake 

structural investment in arder -to adapt to their environment should not be 

tao difficolt ta accept. Furthermore, as a. large component of capital 
, 

expenditures Qf firms is , nei ther induced by expansion nor replacement 
, , 

considerations, structural investment remains a~ 'po~sible exp1anation for 

the inducement of fi;rms ta carry out capital spendil'1g when output is 

stationaFy,pr declining, 0," when p!ofits are low or negative and capacity 

utilization beloW' nor,mal 18\1'81s. 
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1 • Summary and Conclusion 

\ . 

The etandabd-textbook view of investment is that it is made up bf two 

distinct and well-defined components; namely expansion (net) investment and 

replacement investmen~. Expansion investment implies an addit~ol) to_~the 
.. 

existing stock of capital and ~ often expressed as a-function of change in 

the level of' output in the ,economy. Replacement investment implies 
,~ 1 

~expenditures aimed at.the maintenance of the production capacity of capital 
" .. 

stock. It is often,expressed as sorne functlon'of the existing levelof 

capi tal stock' alone • "This thesis has-' focused on the nature and 
... 
determinants of the l~tter component: replacement investment. 

Replacement investment, important as it may be, has ,not received the 

same attention in the literature'i expansion investment. Economists have 

p:rodu,ce~ast volume of li terature on the nature and determfnants of

expansionary investment activity. However very little research has gone 

into exploration of the nature and' de~nant~ of replacement investment. 

The Iittle work that has gone ~his subject is reviewed and critically 
r' 

,1.. - -

~' 

dis~u5sed· in Chapters.(Two and Three above. As this review makes apparent, ('-' 

there are significant conceptual and empiricai issues that make 

investigation into the nature and determinants of replaceme~t activity 

extremely difficult. What are theSe issues? 

\ 'At the empirical level, there are no objective, directly measurable 
, 

data on Feplacement investment. Apparently, statisticai agencies have 

found it 
•• 0 

conceptuall y and empirically--to measure difficult--both 

replacement investment. The reporting firms for statistical $urveys have 
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::, a1so found it difficult to make a clear conceptual and operational 

, distinction between net and replacement investment. At the conceptual ' 

level, there is no clear and uniform definitîon'of replacement investment. 

Different investigators have used the same term to descri~e different types 
• . 

of investment activities, which led to confusion ,and ambiguity. 
" 

ElsentiaLby, by the term replacement investment,' investigators have defined -. 
two types of investment activity, namely, "like-for-like" repl,acement and 

~ ~ 1 
"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 
r'-:-

due ta weàr and tear l/'l production. Implied in this view are the fol1owing , 

necessary éondl.tions: / 
t. 

i) the firm's motivation is to màinta!n its Flow of capital ,services 

(capacity) intAict and not to add to productive capacity., nor to 
• , 

change the . specification of capita1-i~put serVices ,or the 

specification of the finished output; 

( 
/ 

li) the asset being replaced is retired from service and presumably ., 

scrapped; 

-iii) the firm maintains the same line of activity, i.é., the 
~ 

capital-output specificity remains/constant. 

Feldstein and Rothschild (1974) have used .the 
--? 

terms" "output decay" and 

"input decay" to describe the nature of Lleterioration in the firm' s assets. 

"OjJtput decay" ·1,s defined as the reduction on th~ asset' s capacity ta yield 
'. 

production other variables such as maintenance, repair and 
::;-

, -

, . 
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decay" is defineQ as the 

~ drop in ~he productivity of aM asset due to an ins~ease in the maintenance, 
1 

repair and operating cost of :keeping the asset 'in use, capital services 
1 

~. . 
ramaining constant. According to Feldsteirrand Rothschild (1974) it is the . 

1 

combined effect of both ~'output" and "input" decay which leads to <!the 

asset's replacement. 

dual of dep~eciation, 

Jorgenson (1965, 1974) defines replacement as the 

wtïé're depre:iation i~ defined solely as "output 

.. decay", Le., the de cline in t~e efficiency of the assei to yield capftal 

services, due to wear and tear. 

"Dynamic" r placement is defined more loosely. It involves the 

acquisition of ew capital goods in'order to maintain the firm's production 
Il 

capacity However, ~niike the like-for-like replacement view, no 

further assumptions are made here. The new-~apital g008S may bear no \ 
, 

t 
* resemblancelto the oid ones; the r=api tal goods being "replacied" may not be 

\ 
retired from service and, even more, th~ new capital goods may be used tù 

produce products wQich ~re differept from those being produced by the ol~ 

çapital goods. Finally, the new capital goods may also serve té expand 
, 

production capacity, although this is strictly a' by-product of the 

replacement decision. This is the sense in which investigators such as 

Einarsen (1938 a, b; 1946), Terborgh (1949, 1954) a,"!d, in part, Dean (1 951 ) 

have employed - the term "replacement". To these autnqrs, replacement . 
investment iwsynonymous to " -"reinvestment", "reequipment", "displace,[llsnt", 

~-

_ "up-gradoing", and "modernization". 
. 

Of the two conceptions of replacem~nt, it is the former that has 

dominat'ed theoretical develbpment and empirical research in this area in 

é, 

",\4" 
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recent years. It has received the most complete enUrlfiation by Jorgenson. . 
1 

(1965, 1974) and his associates in the context of the neoclassical theory 

of investment. He postulated the very restrictive viêw that replacement 

investment is a constant function of capital stock where "tn8 constant is 

equal to the rate of depreciation of fixed capital stock in the ecanomy. 

This view has come ta be kno~n as the pruporti~nal replacement hypothesis 

This view, however. has received a great deal of criticisrn from a 
> 

number of investigatars, for example, Feldstein and F~ot g~~'reldstein 
~- ' 

, - , ~ 
(1974) , F eldstein and Rothschild ~J 1'74) , Eisner (1972, "1978), Nickell 

(1975,1978), Rowleyand Trivedi (19~5) and Helliwell (19J6). Although 

~seful in ~ny empirical applications, t~ has been chillenged on both ~ 

theoretical and empirical levels. The chief abjectibn~ however, with 
1 

Jorgenson's PRH is "that it views replacement strictly in mechanistic termso 

and does not allow for the influence of any other 
.' economic variable except 

? ., 
depreciation. As such, Jorgensan's PRH hardly constitutes an "eionomic" 

, / 

theory of replacement. , 

/~he purpose of this present thesis is to take stock lof where we stand 

in our understanding Df replacement and ta investigate the available 

empirical evidence for clues on the actual nature and determinants of this 
'. 

significant component of !]rass fixed capita!" formation. Our approach has 
l' 

consisted of examining the available evidence at two levaIs: (a) the 

theoretical and empirical work' in the are a and (b) the availablë 
, 

statisticàl data including qualitative reports of firms, trade journals and 

indust·ry practitioners. Our analysis has led us" ta two important findings. 

First, most replacement investment, at"least in Canada, takes the form 

! 

1 
1 
1 
~ 
K 
~ 
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«,. 

"of replacements of minor parts 
, 

and ~epair "and overhaul of major parts. ( < 

1 

-1ThOU9h considered as investment by the reporting firms and Statistics 

'Canada in i~s Private ~nd Public Investment 5~rvey~ these expenditures are • 

• actually charged to operating account (expensed) and are not ca~italized 

for,·book purposes. These ~itures, called "repair expenditures'!, are 

different from "routine maintenance and repair expenditures" which are also 

charged to operating accounts. They are defined by Statisti'cs Canada 

(1984) as "non-capitalized. outlays made to maintain the operating 

efficiency of thé existing s'tock of durable physical assets". As Figures 
, 

4-7, 4-10 and 4-11 demonstrate, repair investment accounts for about 25% of 

total investment in Canada tOday,' 35% of total manufacturing investment and 

about 50% of capital investment in the Ganadian manufacturing Bector (~ee 

also AppeQdix C). In 1984 for example, non-capitalized repai~ expenditures 

were oveF $5 billion'compared to capitalized investmenè expenditures of 

$8.6 billion. These expenditures are defined in the same sense in which 

"like-for-like" replacement is defined. . The only .,3iffére~-è\ is that, 

unlike our c;~ventionah tiew where the whole of the ~set is replaced, what 

happens in practice is that~irms r~place major components as the y wear 

o~t, without necessarily replaëing 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 exoenditure but as an 

operating expense , -----, is a matter of accounti~g and tax treatment and not 
• 

necessarily of economic theory. But that repair 

capitalized for accountin~or tax purposes does not 

, 
eXP1nditures are not 

, 

necessarily imply that 

\ 
\ 
\ 

o 
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1 

.. 
,they should not be consid~red as investment for economic putpQses. This 

1(' 
~s not seem ta be a hindrance ta Statistics Canaqa which, for over 40 

years, has collected figures on repair expenditures and -'treated them ~s 

,investment~in its Private and Public Investment Survey., 
} 

That these repair expenditures are actually replacement- investment can 

also be seen From the evidence in FigurE!s~ 4-7,4-8, 4-10 and 4-11. A;'~ 
Figure 4-7 reveals, repi3ir ,outlays have been a stable comp'onent of total 

investment over the 35-year ,'periàd. Repair investment expenditures have 

been rising gradually in absolate terms (real 1971 dollars). but dimi~ishing 

as a share of total investment activity. Although the share of repair 
, 

investment ~nvestment has been decreasing in 'relation ta total in ,the , 
J 

economy as a whole. it has remained relatively stable in the ma~p~acturing 
., ~.t"" >. 

sector at aboub one. third of total investment 
'",'1 

(see Figures 4-10:and 4-14)1 

~igures 4-7 and 4-11 for repair' investment ~ 
.1 

The patterns depicted in 
j, 

to what reinarkably close theory would expect ta find for replacement 
::; 

investment. Since data on "replacement"/' lnvestment are ,!;lot -collected 
'-?-

anywhere in North America, the data depicted in these figures are rare 
,~ 

empirical confirmation of. replacement investment, provided of course; that 

_ we accept "the fact that (a) replacing a component crf a machine is 

replacement in thè same sense as repla~~~g the en tire machine and (b) that 

the apcounting treatment of replacement (expensing vs. capitalization) in 

pracUce may differ substantially frDln what economic theory would suggest. 
~ 

rjpair investment conforms 
'~'( l,) 

nvestment and indeed even 

Ulhlle theoretical ta our notions of 

with Jorgenson' 5 replacement PRH, repair 

. investment has been far From a constant proportion of capital stock, at .. 

... 
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" ' 

provide strong empirical confirmation for the findiÂgs of Feldstein and 
'. 

Foot (1971) aWld Eisner (1972). }hey reveal that the annual rate. Elf change 

in repair expenditures has varied èonsiderably, although within a range of 

10%, and ,that the rate of change is positiv,ely correlated to the rate of 

capital investment and gross national product (GNP). This chang1 in both 

is impress,e evidence in support of the view tha~ replacement inve~tment 

is an economic variable and endogeneous to the economic process. _ Further .. 
" 

empirical research is necessary ta uncaver the economic determinants of 

J'epair ir.lVestment," given that repair investment and "like-for-like ll 

. 
Deplacement investment are essentially the same and therefore measurable. 
- \ 

The second major finding of this thesis is that replacement investment . 

in the other ense of is in faet neither re lacement 

. t t \ . 1nves men nor expans~on nvestment t!Jut a new cateÇlory ~f investment 

activity. We fropose the term structural investment. 

Structural investment is defined ïere as fixed cap~tal investment 

spending induced by the firm's need \ to adapt to (a) change in the 

composition of demand (output-mix); (b) change in production technology, 

and (e) changk in relative factor prieEs. 
-

We have seen that most "dynamic" 

re~acements are mo~ivated by considerations other than the mere 

maintenance of the production efficiency of fixed capital stock. Although 

"dynarqic" replacements are in sorne general sense replacements, this is 

where the similarity ends. The "replaced" equipment are not necessarily 

retired from service. They are more often displaced rather than replaced. 
~ 

The production technolo~y and, hence"the capital-input specificity doe~ 
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.change and so does the output being produced. Change in· the composit10~ of / 
.J ) 

market demand induces a change in the capitahoutput. specificity of firms; 
. . • 1 ~ 

whHe changes in both production. technology and ,priees of factor inputs . 
induce changes in the capital-input spec~ficity. When firms change either 

their capital-outpùt specificity or ,their ~apital-input specificity, the 

capital expenditures - entailed bear np resemblance ta replacement (re~air) , . 
expenditures. In replacement investment, as ~o~vention~#"d~;ned, 
specificitles remain co~stant. structural investment can also be cleàrly 

distinguished from expansion investment. Expansion investment responds to 

the change in output with the two specifioities remàining constant. The 

firm h~~e adds to production capacfty bU~ the production process and the 

composi~ion of output remain constant. When technical change occurs or 

compositional .shift~ affect de~a~ f'or ei~he'r con~um~tio~ or capital goods, . 

the situation is more complicated but the inadequacy of the conventional 

distinction between expansion and replacement persists and we must seèrch 

for a structural alternative. 
Il: 

l'The term structural investm~nt dep1cts more accurately the nature of 

investment spe~ding undertaken bv a firm when it modernizes, upgrades, 

retools, converts, 'or refits a plant. , - Here, the structure of production 

cha\.geS either on the output side or the input side. When a firm instals 

new equipment to save on a more expensive labour, energy or .aw material 

inpït,' the firm's primary motivation in doing 50 is neither the maintenance 

nor\he expansioQ of its capacity. It is to adapt to the changing, economic 

envi onment by lowering unit costs of pr?~.~tion and enhance the short-term 
~. 

prof tability and long-term survival of the fi~. When a firm instals new 
1'> 

\ 

\ 
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equipment ta produce 'a new-to-the-firm differen~ ve;sion,of ~n 
r 
exist~ng prodU/::t, its primaItY motivatio is 'not ta maintain nor expand 

'. 

production câpacity for a given product, but to enhance its revenue and 

profitability. By adapting to change in consumer tastes and preferencès 
, 

, and new product innovations, the firm aim~ ~t ensuring its long-term 

profitability and viability in a changing world. In Sect-ions 4-7 and 5-5, 
$ -

\ . 
we have provided empirlcal evidence ta this ~fect. 

the automobile inaustry provides • 

investment. In recent years, for 

an excellent 

example, tf.1S. 

Capital spending in 
-<: '" 

example ~f ,tructural 

firms reported in the 

McGraw-Hill survey that only a minute fraction of their investment spe~dirg 
ff' •. 

waS' intended for expans~on. On 1 the other b,and, the billions of dèllars 

spent a~nually hardI y claSSi~~?~S replacement investmen~. The:MCGra!:Hi~l 
. . ~ ....- \ 

and ORlE s,utveys bath use ~he \) compoL\nd terms "uQ-gradl;,rg and replacemen~" 

and "modernization· and repla~ment" respectively, to\ ldepict this type ~,f 
\, /. \ 

in~Jestment activity. What we ~have proposed here is ta differentiJate 

up-grading and modernizatra~ from pure replacement by introduéing the ter~ 
1 

structural investment' for the former, Iwhile retaining the term replacemen~ 

investment for "like-for-like" replacement spending. Thus, we propiilsed the! 
! 

term structural investment as a substitute for "dynamic tl replacement. 

In Chapter Five WB have ~ made a first attempt to pro~ije for an 

'~conomic theo\y of structural investment. Dur underlying hypothesis is 

that the composition of output and the functional specificity of capital 

cloth matter. In a world of output heterogeneify and functional specificity 
• 

o~ capital, change in the composition of output will affêc~ investment J 

expenditures beca~se of imperfect substitutability of capital in different' 
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f'unctions • . A firm can re.pond to a change in the comp~ition pf outputl ' 
, '. ~ t 

invests in -new' ·capital goods with 'a functiônal specificity. ", only if it 
, . 

1 "'1 

appropriate to the,.J1ew. output. Th~s ' a1so applies., to chan,ges in the • 

f~r capital-input 
1 

specific~ty. Changes in production technology and 
~ 

... .~ l' . 
~rices-wili induce the firm to invest in new capital goods and modify the 

"structure of its production if it is to Ipwer costs of production and . ~ 

" , 
expand profi~ability. Sections 2 and 3. of Chapter Five have providep 

l 1 • . 
ev~dence in support of our view that the world is cha~acterized to a 

significant degree by output and capital heterogeneity. Indeed our economy 
1 _ , \. 4 

is cha~acterized not by static equilibrium but by structura~change~'wher~ 

the composition of both output" and 'capital frequently ~ndergo significçnt 
.' . 

change. Heter?g~neity, specificity and structural change imply structurâl ~ 

investment. 

In Section 6 of Chapter Five, we point out that the firm's response 

to this changing environment is also a funetion of its willingness and 

ability to respond, 
" 

sa a' further motivational element pro duces more 

h~tero~eneity. One firm· may respo~d quickly to the change in the market 

conditions.While anot~er ~ay note 'Moreover, a firm need not be a passive 

,agent simply respondi~g in a defensive manner ta exogenous change in,its 

\ 

l 

environment. It may indeed contrlbute to the transformation o('this 
" 

environment. C.hange in the' mark,et is also initiated by firms in search tif 
- -)1 

n~w technologies (bath product and process technologies), new forms of 

management or industriel organization and new markets. When a firm 

initiates a change, .its investment lin new capi~al 
... 

equipment can be viewed 

as an offensive action. Generall~, as Oeàn (1951') has pointed out, one can 

, --
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d~tinguish between offensive investments--those that introduce new 

products or production technologies, to the market--and defensive 

investments--those designed to bring.a product or production techno1ogy up 

to par with the standards of the compet~ion. 
.. 

-It is this interplay of 

offensive and defensive investments by firms in 'the market which generates 
. ' 

the flow of structurat-investment spending. Those firms whieh fail to keep 
J 

up over time with this process of product competition ultimately face the 

PFospect of decline and displacement by more aggressive firms. Structural 

investment, therefore, is an important instrument of product and strategie 

competition, which conditio~ the profitability and eventually the 

viability of the firme 

In conclusion, this ~esis strongly suggests that the,conventional 
, 

approach of identifying only two ëistinct components of gross investment is 

inappropriate in practice. A more meaningful approach 1s to acknowledge 

the relevance of a structural element (that 1s unrecognized in the 

conventional approach) and to redefine replacement as non-capital repair 
""" 

expenditures, sorne function .of the level of -capital stoek. Structural 

investment consïsts of capital expenditur~s which reflect all those 

disdretionary types of 

m0gernization, refitting, 

Replacement expen~itures 

comp~nents of fixed capital 

" 

"dynamic" replacement such as upgrading, 

revamping, retooling, conversion or automatioJn. 

incurred to replace or repair minor 
<\;) 

and major 

gaods are not discret~onary when they iire 
t' ,. l' 1 

necessary to maintain the operating efficiency of the fitm' s existing stock \ ( 
-

of capital goods. As long as the 
" : e -1"-

activity and' produëtio;~technology, 

firm ,is ~mmi tted to .a, given line or 
1 

these expenditures must be incurred~ 

, . 

i, 
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Decisions regardi~g r~placement investments emanate from plaQt managers who~ 
/ , 

are most informed of thè operating efficiency of capital goods. Through a 
1 1. 

continuaI maintenance.rpolicy~ replacement' expenditures can maintain~-at 

least th~oretically--the operatin~ effjciency of capital goods 

indefinitely. From time to time, however it is changes in the co~position 

of demand, product and process technology, or fpctor priees and~change in 
. 

the regulator~, institutional and' competitive environment of the firm that 
~ 

will dictate Il1hether €Ir not the firm should put al1f end to the life of its 
1 

plant and equipment, or seek ta renew their life through a po~icy of , 

structurpl inves~ment spending. 
~ 

Il' 

2. Poliey Implications 
1 
! 

,1 

J 

A number of important ' poliey implications for government and 

ïndivrdUal firms emerge from thiS' enlarged pe'I'spective. T~e foremdst 

implication for business policy is that 
( 

if a firm is ta maintain its 

desired level of profitability_and assure its long-term economic viability, 

" then it has ta ~ay close attention 'ta changes in the composition of market 
i 

1 

demand,' changes in 'production technologies ar;ld process innovations, to 
• - 1" 

..-
,changes in factor priees and ta ather chçnges in the compe,ti ti ver 

environment. Since our economies are characterized by output and cap'ital 
li 

" heterogeneity, the 
/ , 

pr9fitability of the firm's stock of capital goods wjll 
( 

firm adapbs its output-mix to changes in the 
1 

" depend on a) how weIl the 

• c'Jmpositian of demand and the fevalving 'pattern of consumer ~astes and • o,,~ . 

) 

,. 

\. 
/ 

1 
1 

l __ 

.' 
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preferences and ~) how l 
well the firm adapts i ts input-mix to changes in 

~ fact~r priees, production technology and competitive· conditions both 

--,_1 _ 

domestièally and internationally. 
, 

To keep up with changing consumer needs and ~roduct innovations a firm 
r 

mu~t invest funds in product deve~opment and new ca~tal goods. Since it 

takes a tertain type of capital good to prbduce a given prOduct (capital-

output speci ficity) , 
l' 

new product introductions and product improvements 

necessarily entail investments in the appropriate capital goods, i.e., 
..,.-" 

structural investrnent. By committing itself to a program 'of structural 

investment spending, the firm ens,ures 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 sa me 

attentiveness applies ta changes in technology, changes in factor priees or / ..~, 

/ 

êhanges in the institutional and regulatory enviro~ment. To keep up with 

such changes the firm must invest in new production technologies, 

incorporate proces~ innovations anq adjust.its capital-input mix ta changes 

in facto~ priees. Since capital goods have a limited functional 

specificity, any change in the specification of capital inputs again 
f • ..... • 

entails acquisition of new capital- goods or the modification of .... the 

existing. capital goods through up-grading, revamping, modernization and 

up-dating (hence structural investment outlays) • Only, by committing itself 
. 

can~he ta a program of structural investment tirm hope ta maintain i ts 

cast competitiveness 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 mor~to mature 

,l' • 
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product~ and develaped markets than ta new prod~cfs and develaping markets. 
1 

The implications of the new per$pective fer government palicy are the 

f oll,?wing • First, in mature industrial economies, the share of bath 
1 

'replacement and ~tructural investment is high in relation to expansion 

investment, and higher than in devêlaping economies. This implies that the 

purpose'of investment and the motivation Unde1~Ying~nve~t~ent activlty in 
. 

mature industrial ~onomies is different from those of growing economies. 
~ 

Sinée stimulating a high rate of investment spending has tr~ditianally been 

JI. e major objective of economic ~olicy, a better understanding of the nature 

and motivation ungerlying replacement and structural investment spending 

can help in the design of more effective measures ta encourage and 

stimulate these appropriate types of investment5. Far example, tax-based 
. - " 

m~sures such as' accelerated depreciatian and investment tax credits may be 

les~ useful ta firms undertaki~ expansion investments as campared ta those 
" 

undertaking structural investments. If demand far a certain'line of 

activity i5 growing, fi:tms earn higher profits ana feel mare confident, and 
'-~ 

in light of the growlng' opportunitie5 presented to them by the market are 

likely to invest in the expansion of their capaçity whether tax-incentives 

are available or note 6 
However firms operating in m~ture markets and faced 

with declining or stable demand for their goods are le~s li~ely to be in a' 

"" t position financially Dr p6ycholo~ically to commit themselves to major 

investment, pr~·grams. Since structural investment allows firms in these 

sectors ta modify their output-mi x anQ bring it in line with the current 

pattern of consumer tastè5 and preferences as weIl as improve the quality 
~ 

of their products and lower production costs, selectively assisting firms 

'--

.;; 
il 

..1 
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1 

in mature industrial 

technologies maÎ prove 

sec-tors to update their product and process 
1 

more useful than trying to assist aIl se~tors 

equally. By targeting government assistance to those sectors that need it 

most, the efficacy of government expenditure and tax-based measures can be . 
" 

improved. Inducing a higher level- of structural investment not only 

raises the overall short-run level of output, employment and income in the 

economy but i t also helps enhance the long-te'rm competl tivenes? -of firms in . , 

the economy by allowing them to compete more effectiv~ly with foreign 

producers. In the process, jobs wh,ich wourd have been lost to foreign 

competition are sebured and consumers benefit through lower priees. 

Another example of how a better understanding of the nature and 
/} 

motivation underlying structural investment can be valuable is seen in the 

tax treatment of capitalized structural investment outlays as c.ompared to 

non-capitalized replacement (repair)~xpenditures and the tax-treatment of 

mer~rs and acquisitions. 
~ 

By allowing firms to "expl3nse" replacement 
. 

(repa~r) expendi~ures in the year they Qccur, the tax system inadvertently 

provides à powerful stimulus in favour of repairs as opposed to up-gradi~g 
ù 0 

and modernization. Since replacement expenditures do not alter the 4 

capital-output nor the capital-input specificity of the production process, 

. they do not ass~st firms in being product ana cast competitive in the 

long-run. A policy of favouring structural investment as opposed to 

replacement investment can stimulate new product introductio~s and,product 

improvements and hence accelerate the rate of diffusion of new technologies 

and proéess innovations. 

The tax system ~lso discrimina~es against structural investment when 

_ r-

'. 
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the tax treatment of financial investments (such as mergers, acquisitions 

and leveraged buyouts) is considered. A number of tax benefits accrue to 

t~e purchaRing firm: first, it can deduct the interest on funds borrowed to 

make the financial investment;. second, the flow of inter-corporate 

dividends are not taxed by government; third, it allows the purchasing firm 

to benefit frum tax loss provisions 

carry-forwards of the target firm and 

payable. In mature industries with 

short-term profitability and 10ng-term 

whereby it assumes the loss 

reduces the 

stable or 

survival of 

overall corporate t~ 

declining demand, the 

firms is in question. 

In order to enhance their profitability and assure their long-term 

survival, firms are faced with two options. First, they can' undertake 

financial investments such as mergers and acquisitions which can reduce 

c~mpetition and reduce capacity through plant closings (e.g., the recent 

purchase of the Montreal Gulf refinery by Ul tramar ar,d ul timate c1dsing of 

the facili ty) • Doing 50 not, only provides the buyer with ready access to 
\ 

anpther firm' s technology, patents, knowhow and facili ties but, by closing 

down the less efficient facilitieq, it also leads to a reduction in supply 

an~ the restoratiôn of p~ofit-margins for the surviving firms. The second 

option available to firms· is ta undertake structural investments, such as 

mOderniz~tion, plant'conversions or automation sa as ta expand the range of 
p 

products offered, improve praduct quali t y and lower unit costs of 
~ 

pLoduction. While firms will have t~ amort~ze their structural investment 

ove~hree years for tax purposes and ovet many more for book purpo~es, the 
, , 

cos~Qf financial investments can be amortized over a shorter periode 

, Clearly thèn, by differentiating structural investment from expansion and \ 
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replacement inve.tmentst'" economic theory can help guide public policy to 

design Clnd implement measures 

sectors of the economy. 

UJhic~ are 
\, 

, 
appropriate to mature industrial 

,The new perspective al 50 suggests that certàin government programs 

such as the (noUJ defunct) Canadian Industrial Renewal Board and other, 

programs provided by the Qepartment of Regional Industrial Expansion are 

justi fiable. The increased incidence of assistance to firms undertaktng 

modernizations in ~ecent years by both federal and provincial governme~ 
~ 

seems to indicate that pragmatic governments do recognize the differential 

nature of firms in mature, industrial sectors undertaking structural 

investments. Our empirical findings provide support for such poîicies. 

FinaHy, gross fixed capital formation (GFCF) is defined in our system 

of national accounts in a way that ignores the non-capitalized repair 
< 

expenditures which are in fact replacements. Since repàir expenditures are 

defined as those outlays necessary to maintain the operating efficiency of 

the capital 'stock intact they ar~ no different than replacement investment 

as defined in economic theory. 50 far, official statistics .?re produced 

'<) 

under the mistaken assumption that GFCF is composed solely of expansion and -

rep~acement .i.hvestmeit. In fa::, as .GFC,F is measured, i t is compose~ of 

expansion'and struc~tment only. A more appropriate'treatment may 

be to incorporate repair (replacement) expenditures too under GFCF (even if 

theyare expensedtor book purposes by firms). This suggests, of course, 

that the real extent of investment activity in Canada may have qeen much 

higher than we have previously thought, indeed about 25~ higher,in recent .. 
years. The implications for the manufacturing sector are even stronger, 

\ 



\ 

c r 

.. 

.. 278 

~ven that repair expenditures account for about 50% of capital 

expenditures. T9tal investment in this sector (capitalized expansionoand 4 

structural plus non-capitalized replacement investment outlays) may in fact 
\ 

be twice as high as we presently think! 

3. Suggestions for Further Research 

The contribution of this thesis has been to clarify the nature of 

"rePlacem~[ investmB1t 't and separate conceptually and empirically the- two 

views of replacement: "like-for-like" replacement and "dynamic" 
li' • 

replac~ment. By identifying replacement investmen~_as nan-capital repair 
, 

expenditures and defining "dynamic~! replacement _as structural investment, 

new paths for research have been opened. 

One\ path of ,fruitful fut~re investigation concerns the nature and 
\ 

determinants of repair expenditures. Now that we know that repair 

expenditures are indeed replacement lnvestment and that objective, 

measurable data are available for this component of investment, eçonometric 

investigation can proceed to examine the short-run de"terminants of repair 

investment. We have seen that although r~latively stable'in the aggregate, 

repair expenditures are positively correlated with changes in the level of 

) . ~aPi tal investment and wi th gross national product. other variables which 

may be considered as .determining influences include liquidity, capa~i~y 

utilization, and expectations. Since' 'measurable fta on môst of these 

variables are also available, tïme-series ând cross, section empirical 

. , 
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studies are feasible. 
, 

Another path of productive future research concerns the nature and 

determinants of structural invest~t in mature indus trial economies. How 

developed eçonomies go about renewing their stock of JÇapital 'goods and 

adapt to change in their enviranment at a warld scale is an important issue 

facing the North American and West European eCQnomies. Data on capital 

investment by purpose (like those callected by McGraw-Hill in the U.S.A., 

ORlE in Canada, the IFO Institute in Germany) pravide useful data with 

which ta work. It is encouraging that Statistics Canada, in i~s Private 
~ 1 

and Public, Investment Survey has begun collecting data on capital spending 

by purpose, although it will be sorne time before these data appear i~ 

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 concret~ guidance ta economic policy makers, both 

at the business and public~policy level. 

A' third path of future research concerns the mapping of the 

morphologie or structural characteristics ,of capital. It is abou~ time 

that economists acknowledged that output ,and capital are heterogeneous 

entities and aceorded qualitative characteristics of output and ëapital the 

same importance now attached ta aggregaté quantitative characteristics. 
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SECTI .. Y' 

" STATISTlCAl NOTES 

Definitions 
• 

Construction IncluQ_ building C\Oostruc
tian ni aU tyPft ",,~; -enginnr fnq." c:on
,struction àüch ès roâd., d_, tr~_U.ion 
Itne.' and pipelines, aB wéll as oil drilling 
and .Jne development. The machinery and 
equipment category takes into account the 
purchasa of all such ~tema wtllch are used 
aitner in produding' goodl br providlng 
sarvie .. ~ but' dOee''''~·~''': __ l., ~ 

rcffued for"': ' ..... 1)' .. " .'!~néltldèd;'-Û· :11 .. 1.-/tr.f ..... Ji\ôTy.,' ... 
taUon equipIIIent, agriculturilï": . , 
prof_lonal and acl8ntlrlé'"..,.' ..... 1. , 

ornee: and' '; litote" Al'rMariingr-' . 'd'thar 
~1Ia1l'ir ërq:;ital good8. Excluded, for the 
pur pose of thlS report, are outlays for 
machlnery and equipment by the Department of 
Natlonal Defence. 

The intention is to includlr .tt-. coat. or 
all tiew pl .. t .. d equipnnt ~ch ~.ally 
h. a li fe of lIore th.. one' 18er. rOI' thll 
reason rompanle8 l'lere asked ta "port !1II'l. 
capital sxpenditUI88, all pur chues ta be 
charged to rixed &Met sccounu. This ntethOd 
'of reporting OIIits ~ertairi types of eqoip
lient which are bougl;1\: regularly out or ordi
nary revenue and charqed ta (.urrent accol.J'1t. 
Adjustiaents have been .. ade where oece.ary 
ta take account or auch OMitted capital 
.itellS and separate figures are shown in th. 
relevant tables under "Capital it ... charged 
to operating expen8es". 
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RENSEIGNEMENTS STATISTlIJ,IES 

Q6finitiona 

Le rapport vise moins les réparations non-
"'è:apitalis.§es que les ilIIIIIobilisations neuves. 

Celles-ci comprennent le coot d'acquisition, de 
construction - et d' install ation de nouvelles 
usines et machines durables, qu'il s'agisse de 
remplacer des biens uds ou désuets ou d'ajouter 
aux installations existantes, ainsi que tous les 
frais portés au compte de capital, comme les 
honoraires d'architectes, d'avocats et d'ingé
nieu~, èt la valeur des travaux effectués par le 
propriétaire par l'entremise de ses propres 
ouvriers. Le rapport indique les dépenses brutes, 
sana déduction pour la valeur des biens mis au 
rancart ou cédés en échange de biens nouveaux, 
mais il ne comprend pas les achats de construc
tions existantes, de machlnes ou d'équlpement 
usagés, 11 moins qu'ils n'aient été i,mportés, ni 
de terraIns, pulsque dans ces cas il s'agit d'une 
SImple cession des droits de propnété et non de 
la création d'un bien nouveau. 

La construction comprend les bâtiments et. tous 
les travaux de génie, colMle les routes, les bar
rages, les lignes de transmission et les pipe
lines, ainsi que le forage de puits de pétrole et 
ls mise en exploitation des mines. Dans le sec
teur des machines et de l'outillage, les achats 
comprennent toua les srticles employés li la 
production de biens et de serv ices malS non les 
biens durables achetés pour usage personnel. Sous 
cette rubrique sont inclus, en plus des machines 
industrielle8, le matériel de transport, les ins
trumenta agricoles, le matériel professionnel et 
scientifique, les aneublements de bureaux et de 
magasins et autres blens capitaux du même genre. 
Toutefois, le présent rapport ne tient pas compte 
des montants consacrés à l'acquisition de 
machines et d'outillage par le ~inisUre de la "
Défenss natIona:e. 

On a vid li inclure le prix de toutes les nou
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' inscr ire 
comme innobilisations tous les achats devant être 
port6s au compte de capltal fixe. Ainai, 11 n'est 
pas· tenu comple de certai'}s éléments d' sctlf 
achetés régull~rement au moyen, de 'recettes ordi
nalres et postés au compte courant. Des rajuste
ments ont été faits lorsqu'il a semblé nécessaire 
de tenIr compte de ces éléments et les SOl1lTl88 en 
cause figurent aux tableaux pertinents sous le 
ti tre "Biens-capItaux imputés sur les dépenses 
dl exploitatIon". 
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Housir.g ia nQt' generally considered a. 
capital expenditure in the 'Sense mentJ.oned 
above but it has been included ln this re
po~t becauae it forms a large proportlon -of 
constructlon expenditures and has cycl1cal 
fluctuatlons Slmllar to those wInch charac
terlZe business, instituti,onal and govern
ment capltal expendltures. 

The repair expenditurea shawn in the 
tables reprsaent the non-capitalized outlaye 
_&de ta ~ntain the operating efficienèy of 
the existing stock of durable physic~ 

- - a8aete, Where the repait costa are large 
enoLJ!tl ta .. terially lengthen the axpected 
aervlceable life of _the.aeaets. incraae8 itJ 
c8pacity or other"i. j'ai. '!ta praducti..d':' 
ty, they are treated 88 capital expenditures 
on new construction or on new .achine~ and 
equiplllent. 

Methoda 

The flgures ln the various tables of thlS 
report are estimates of total expenditures. 
In order to approximate full coverage for 
Canada, adjustments_were made to allow for 
the emaUer establishments which are not 
surveyed and for establishments which did 
not report. In manufacturlng, the method 
used to inflate the reported expenditures 
was to multlply the known expenditures by a 
factor obtBined by dlviding the total value 
of shlpments for the most recent year avall
able of aIl the establishments ln each 
industry by the, corresponding total for the 
establ1shments reporting ln the current 
surveys. The use of shipments as a related 
lndlcator provldes a frameworl< of analysis 
in the estimatlon procedures tp teke account 
of relevant industry characteristlCs such as 
the size of establishmetlts. In the utili.! 
ties. trade, finance and institutional and 
commerclal services sectors the seme princi
pIe has been followed using appropriate 
basic data for the sector concerned. Expen
ditures reported by establishments for which 
no production or other baslc data are avail
able are included as "net additions"-. It 1.9 
believed that the estimat1ng procedures for 
non-reportlng establishments and the·sectors 
not covered by direct survey, do not intro
duce any great margln of error lnto the 
total. Estlmates for indiVldual industnea 
or regions are, of course, subject to great
el" error than the total figures for Canada. 

" 
In ~ few areas, where the survey approach\' 

is Mt consldered t" be practical, expendl.
turs estimateywere arrived at independently 
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on the basla( of currsl)t trends and expert Ji. 
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• 
La construction d' habitatlons n'est pas habi-

tuellement consid~rée comme une immobilisatlon au 
sens indiqué ci-dessus m81S Qn l'a incluse dans 
ce rapport parce qu'elle représente une forte 
proportion des dépenses en constructlon et que le 
cycle de ses fluctuat 10ns est analogue à celui 
qui caractérise les immobihsations des entre-. "
prises commerclales, des lnqtitutions et des gou
vernements. 

Les d~penses en réparatlon, figurant dans les 
tableaux, représentent les déboursés non-capit a
lisés effectués en vue de maintenir les biens 
matériels durabkès en bon état de fonctionnement. 
Lorsque ces dépenses atteignent des SORmes 
suffisantes et 'elles ont .pour effet d'açcroitre 
la durée prévue ou la productivité, a' éléments" 
d' acti f, elles sont consldérées conrne des 
immobillsations en constructions neuves ou en 
machlnes et outillage neufs. 

f 
~thodea 

Les chiffres qui apparaissent dans les dlvers 
tableaux sont des estimatlons des dépenses glo
bales. - AfIn de se rapprocher le plus posslble du 
total pour tout le Canada, on a effectué des 
rajustements de, façon à faire la part des plus 
petits établ1ssements qui n'ont pas fal t partie 
de l' enqu~te ou n' y ont pas répondu. Pour le-- sec
teur de la fabncatlon, la méthode employée pour 
gonfler le mont3nt des dépenses en immoblllsation 
déclar6es conslste à- rnultlpher ce dernler par le 
facteur du rspport de la valeur totale des expé
ditions, pour l'année la plus récente, de tous 
les établ1ssements ayant répondu li l'enquête cou
rante, sUlvant Is dlsponibilité des données. 
l'utilisation des expédltlons comme lndicateur 
connexe insère une analyse d'ensemble dans les 
procédures d'estimations afin de tenir compte des 
caract6r istitjues pertlnentes tel que la grosseur 
d' lI\ établisaement. Pour les servlces d'utilitll 

. publiqu~, le cbnrnerce, la finance, les institu
tions et ..les aerv ices commerciaux, on a appllqué 
le même principe en dlerchant des dônnées de base 
appropriées au secteur en cause. Les projets 
mentionn6s par les établ issements li l'égard des
quelles auc\XI renselgnement en matière de produc
tion ou autre ne pouva.lt être obtenu, sont 1ns
crUs comme "additlons nettes". Il y a lieu de 
croire que la formule d' estimat ion employée li 
l'égard des é~ablissements qUl n'ont pas répondu 
au questionnaire et des secteurs que le relevé 
n'a pas atteint directement, n'a pas pu fausaer 
sensiblement le montant global., 

Dans certains secteurs, où la "méthode d'en-' 
quête n'a pas semblé pratique, les montants ont 
été cal8ùlés séparément d' apds la tendance cOu
rante et l'opinion de spkialistes en la matUre. 
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oplnion in these' fields. Some of the areas 
so estimated are agriculture and fishing in
vestment. the estinlates of' total outlays in 
the ~roups covered ~y survey are thought to 
be of better quality then the independent 
estlmates which are bas~ on much less com-
plete lnf'ormatlon. • 

Housing esti'ates were made on a di ffer
ent baus from those der!Ved: from in forma
hon submitted duectly by bueinesses and 
governmentr. Last year's estimates of the 
volume of residential construction were pre
pared on the ba81s of results frlJ1l surveys 
conducted by the Canada Hortgage and<Housing 
Corporatlon, and the value eatimates ~re 
prepared by Stat1stlcs Canada. Theae value 
est1matea were calculited by IIIsaM of a sen
sihve methodology making use of the dura
tlon of construction and-monthly measures of 
work put in place for various types of con
structlon .. 

Apprsisal of the probable vollMlle of new 
housing construction in the current year was 
made by representativee of the Corporation 
~ho 8ssessed market conditions, mortgage 
facilitles, current and proposed housing 
policles. finally an allowance was made for 
other housing expenditures 8uch ss home con
versions, mobile homes, alterstions, home 
improvements and acquisition costa which 
currently account for approdmateTy 20~ of 
total expenditures. Allowlng for probable 
change in constructlon costs, estimates were 
then prepared for the value of construction 
work carried over from last year and the 
value of work expected ta be undertaken th!. 
year. 

Construction Expenditurea - Br Type of 
Structure 

for dataUs of construction act~vity by 
type of structure see the publication {t:.an
.truction in C.-da (Catalogue 64-201). 

The statistics for these types of st:ruc
-ture come from the sane capltal and repair 
expendltures surveys that produce Prlv.te 
.nef Public tnveeblent in C.-.da, Int .. Uona. 
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m,tnre. Cette mt§thode d'6valuation a 6U' 8111-
p!oy~ surtout ~ l'égard des invest~ssements 
agr icoles et de ceux de l'industrie de la peche. 
Dans le css des groupes atteints par le releve, 
les estimations semblent plus sOres que pour les 
groupes ayant 6U estima par des tiers d' après 
des renseignements beaucoup mo~na. completa. 

Peur l'habitation, les estimations n'ont pss 
6U 6tablies sur la m8me base que ~elles qui 
d6cod'lent des renseignements fournis directement 
par les entreprises ou les pouvoirs publics. Pour 
l'ann6e dernière, Statistique Canada a estim6 les 
d6penses d' habitation en se basant sur les r6sul
tats des enqu6tes men"s par ~ SocUtt§ canadien
ne d'hypoth~ues et de logement et au moyen d'une 
m6thodologie sensible fond6e sur la dude des 
tra\ aux et sur les r'slisations mensuelles des 
diff'rents types de construction. 

Pour l'ann.!e courante, des est imat ions du vo
lume probable des travaux de construction domici
liaire ont 6U faites par des repr6sentants de la 
soci'U, lesquels se fondent sur les conditions 
du march6, les dispanibilit. de financement et 
les politiques d' habitation propoafes. Enfin, on 
a tenu compte ,des autres d6penses d' habitation 
telles que les transformationa, le. maisons Il10-

,biles, les modifications, les an6lioratione et 
les frais d'acquisition qui repr6aentent environ 
20" des d6penses totales. En tenant compte da 
l' 6volution probllble des coClta de r. construc
tion, on 8 pu alors estimdl' la valeur des travaux 
reparUs pOur l'ann" dernUre et celle des tra
vaux attend\.e cette ann6e. 

T da conetruetlon - Par genre de œnetrue

On trouvera dans la publication La ~rue
tian .. Can8da (nO 64-201 lU catalogue) le d6taU 
des travaux d!, construction selon _le genre. 

Les enqu6tes sur les d6penses d'immobilisa- p 
tiens et de dparations, dont les r6sultats appa
rais.ent dans la publicltion Inveeti ..... ta, 
pr.tv_ et public. al c.nada - PerepecUve, nous 
fournissent 6galement les statistiques pour ces 
genres de construction. 
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Machinery Non-Residentia1 ~ 
Year & Equipment Construction 

1946 38.2 39.9 

l\ 
1947 42.7 44.5 
1948 48.0 49.7 
1949 51.1 51.3 
1950 54.0 52.8 
1951 60.9 59.7 
1952 62.1 63.2 
1953 63.2 63.7 
1954 63.9 62.9 
1955 65.0 -64-.4 
1956 69.0 67.7 
1957 72.7 67.6 
1958 73.8 67.3 

i 1959 75.5 67.7 !. 
1 1960 76.5 68.3 

1961 77.0 68.1 
1962 79.6 68.4 
1963 81.8 70.3 
1964 '. 85.1 72.2 
1965 88.4 76.2 
1966 91.2 80.8 
1967 90.7 84.L 
1968 90.8 84.9 
1969 92.7 89.6 
1970 97.4 94.2 
1971 100.0 100.0 
1972 102.6 105.7 
1973 106.9 114.3 -,' 

1974 121.8 133.1 
1975 l39.0 149.5 
1976 146.7 159.2 
1977 160.2 169.0 
1978 178.7 1 180.7 
1979 196.7 198.0 
1980 216. Cf 221.9 
1981 242.1 247.7 
1982 261.4 271.6 

C 1983 269.5 294.3 
1984 283.0 298.5 

~ 
.... 

, 
.:. -:~ :< •• ~ w' •• 
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APPENDIX D 

CAPITAL, REPAIR AND TOTAL INVESTMENT 

EXPENDITURES BY TWO-DIGIT SIC MANUFACTURING 

INDUSTRIES: 1956-1984 , 
. 1. REAL CAPITAL VS. REAL REPAIR INVESTMENT ,-

EXPENDITURES, B~ MANUFACTURING INDUSTRY 

Ir. ANNUAL PERCENT CHANGE IN REAL CAP ITAL VS. 
REAL REPAIR INVESTMENT EXPENDITURES, BY 
MANUFACTURING INDUSTRY 
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· Type of Assets 
Other th.n m.chinery .net equipfTlent 

classili-
1 cation 
~ode 

,1 

Type of â .. e~ 

'. 
A. 
1. 1 

li 

110 

111 

112 
113 
114' 

1\5 

Il~ 

117 

118 

UV 

!angÎdle fixed AsseJs 
Buil~inl. and .b.uildin' auachments 

Residenti~1 

Steel-ftame 

, buildings 

reinfo/1Ced concrete 

Relnforced co!'crete buildings 

B ~ ick bu ild ings 

Stone bu j Id ings '": 
, 

B lock bu i Id ings 

Metal bui Iding. 

Wooden- bulldlnis' , 
tAortared wooden buildings 

Simplified buildings 

Unclassiliable 

12 Nonoresidential 

i 120 Steel-frame reinforced concrete 

buildings 

Il21 • Reinforcei' concrete building. 

122 Brick buildings 

123 5 tone bu i Id ings 

124 Block buildings 

Me.t,al buildings 

Wooden buildings 

125 

126 

127 

128 

IZV 

: 13 

Mor'tared wooden buildings 

SimpliCied buildings 

Un&lass iliable 

" Building attaehments 

130 Electricity and lightlng equipment 

131 Water supply, SeWIlJ;e, hygicne, 

gas equipment 

J32 Heating, coaling ventilation and 

boiler ~quipment 

133 Lift equipment 

134 -Fire Cighting and disasle .. inCar

ming device 

135 A il' curta in and aulomatic door 

device 

, 

Clusifi 
cation 
code 

4 

2 

136 

137 

138 

13V 

14 

IV 

21 
"210 

211 

219 
21 V 

22 

220 

1'229 
. 

22V 

29 
. 

- 290 
. 

291 

292 
293 

294 

2~15 

299 

2~) V 

zV 

41 

42 
49 

4V 

364 

J 

Type of Usel 
(/ 

• 
Arcade and sunoshadina dlvice 

5 imPl Hied .hop' arrangelnent \ 

Others ~ ~ 

Unclassiliable ~ J 
UnclassiCiable building , 

UnclassiCiadle build ings and b il-
ding auachments 

'" a 

~JJ:'":'" Constru~1ion other !han buildings 

TransDortation equipmeM 

Ra il way equ ipment 1 

Paved road' 
. 

-
Otlters ,. 

Unclassiriable 

Wuer control and supply racilitiel 
• 

Sewage dispos ing eqqlpment 
1 -

Others 

Unc lasa ifiac.lle \. 
Other slhstruction other than -""', 
bu ild ings (',-

powe r gene ra tion. tr ansmission 

and distribution equ ipment 

Broadclllting and ca nmunieation 

epuipment 
• 

Smoke dispos ing equ ipment 

Atlvertising eCluilJhle t -

Equipment for s tadiu n, ground 
~ , 

J' 

- ... 

recreation Rround &ri d schop~s 

Carden 

Others 

UnclussHinble 

Uneluss irillblc 

Ve:ssels -
S lell ';essels 

Wooden vessels \ 
Olhers 

UncJllSsifiuble 

-

,. " 
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Kind of Economie Aetivity U sed in the 1970 National Wealth Survey 

and the Correspondence tp the Standard Industrial Classifieaton of 

Japan 
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., 

----
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K ind 01 econom ie ac ljv i ty 5 tanda rd illdustr ~a 1 
e,lassificatidn 

Clas. irica-
tion code 

~-------+------------------~---------------------~----------------~ 

~. 
B 

C 

D 

'E 

F -. 
FOI 

,. 
, 

F02 

Agriculture 

Forestry and Hùnting 

Fisheries and Aquaculture 
\., 

Mlning 

C 
$ , 

onstructlon 

Manu Cac lu ring 

F..ood and beverage manuCacturing 

Textile and il. product manU<facturi'ng 

" A 
, 

M B , 

C -~-

----
D . 
E 

F 

.. F J8- J9 

(except F 19J) 

F20. 21 
W· 

FOJ 

F04 

FOS 

F06 

G 

G01 

G08 

H, r 
) 

L 

Log 

LlO 

-- 'Lll 

L12 

j 

Wood and wood produet. rurnitllre and Ci~tllre 

m.~u(acturing .'-
, .. 

Fabricated metal, non-Cerrous metal. iron and steel 

malerial and product manUf41ClUring . 
Machinefy nd equipment manulacluring 

Other inanul cturing 

Wholesale an ret.iJ trade 

Wholesa le tr e. ine lud ing agen ts and broke rs 

ReJall trade. cJuding restaurant. cafe and Qtner 
" 

drinkinl p.lace. 

Finance. ins",r nce and real eSlat.e 

Transport and c mmunicnlio" 

SerY~ces 
J .. 1 

1I0t.ls. boardillg IUllses a.hd other lodging 1)lnces 
1 

Laundries. barbe, A,\d b4!auty sho~s 

Olheor personal )#! vi~s _ , 
1 

Medical and oth,!' alth servicu 
1 

Other services/ _ 

i 
/ 

1 

1 . 

, -

F22. 23 , 

'. 

j.' 31-33 

F34-37 

F24-30. 39 

G 
~ 

G40-41. 42 

G43-49 

H. 1 

J 

L 
, 

L75- --. 
, 

L77 

L78-BO 

L88 

~H~:8~ 

• 

~ .. 
--~ 

1-

.. 

\ 
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Cluili-
ca,jon 
cod., 

5 

Type of auets -

'. 

Vehié"lu and transport tools 

Claa.i(i 
cation 
cOllv 

Type of assel. 

and measurin, apparalu, 

St 
52 

It~ Il inl( 1 toc k 

Airerait 

624 Optical inltrumentl Ind camera-' 

625 Medicaï instrumenta 

53 Motor cau. excludfn, iricycl .. 

and mOlor-c)'cles 
530 Passenger cars , 
539 Others . 

'S3V Unela .. lfiable 

59 ether v~lI,icles and uansport toolll 

590 Tricycles and motorcycles 

591 bicycle anc! rearclr, 
1 

599 Others 

59Y Unc la .. ifi.ble 

> SV Uncla .. ifiable 

6 Toots and implement. 

61 Toots -
-62 Implemenu , 

620 Electric computor 

621 Buaine .. and communication , 
'-

machinery 

622 Furniture • electrieal and , .. 

~ . machinery . 
623 Tjmepieces , testinl machines 

6V 

7 

, 

8 
1 

9 

B 
1 

2 

3 , 

4 

V 

626 Èquip~ênt for amusement, sport: 

public: entertl&inment, barberl 

.hop and beaut)' parlor 

627 Vendin, machines 1 

629 Others 

62V Unc lasa i fiable 

Une lass ilialr!'e "-

Bil animais and plants 

710 Animais 

720 Plant. ( . -. . 
79V Unclusifiable 

Construction in proc!!ss 

Land formation and Improvementl 

Inventor)' asse ts 

. Fintshed lood. and me rchand ise 

Sem i-procused loods 1 , 
Raw material. / 

Good. in Itock , 
UnclusiCiable 

2 ~.chin.ry and equiqment .. 
1 

& T.lpe of l.set. used in the .tatl.tical· tables and the correspondence to the 1 i st .. b" 

AII,ts (div 
I.ion) code 
und in the 
... ti.tical 

1 

table. 

3 

31 

32 

33 
34 
35 

--

Type of USdts 

M.chin_et')' and equipment 

corresponderce 
code of the list 

("b ") 

3 
'Construction machinery and equipment 303 

Equlpment for food; beverle and tobaco manufacture and 304 

processing , 

:::quipment for textile ~nd i t. product manufacture 

Equipment for lumber and wooden product manufacture 
. " 

Epuipment for fabricated meta\.. non-ferroua metal • Iron 

and' stèel material and product manulactu1'8 

305 

306 

318-320 

{ 

1 

1 
1 

. 



ta , 

·C 

1 

A .. ets (divi- -
aion) code cor resyondence 
uaed in the Type of auetl . cofJe 0 lhe lisl 
.tatistic!1 : • IJ" 
tabl .. _<l 

36 Equipment for machinery and in.trunlent m.nufacture 321-321\ 

31 1 Epuipment for other -"roduct m.nul.c .... r. . , 301-317 
, 

: " 325 

,38 Equ.ipment lor services . 
01( 329" 

'39 Machinery and epuipment. not elsewhe r. classj[ie~ !tn -302-
1 326-388 

. - 330. 399 
--, 

. b Fundamental litt of type 01 useu 1 

Cla •• ific~f.ion code Type of auets 

1 

301 
30101 ," ," 

30102 

30103 
30104 
30105 

302 

30201 
30202 
30203 
30204 
30205 
30206 

303 

30301 

30309 
304 
30401 

. 
" 

l', 

Machinery and eq,uipment 

A,riculture • foreury and lishery equipment 
1 

Machinery and equipment (or livestock pro4uction 

Machinery and equipmerlt for horticulture 

Other agriculturel mlchine!'y and eqiupment 

Eqüipment for afforestaHon • fellinl and lumber collection 
Equipment for aquaculture 

Minin, equipment 

Metal minjng equipment 

Coal mining ,equi pment . 

Petroleam and natural sas mlnin, equipmenl 

Equlpment for press-proceSlins/ol natural Kas . ... ' 

Equipment for sravel mlnin&,. quarrylns rock and rubble 

Other non-metal minins equipment ' , .. 

Construction epuipment i 

Bulldozer. power ahove'l and other' , 

Otheu 

,~ 

(Self -movins machinery) 

Equipment for food and tobacco 'manufacture Ind procellinl 

Equipment for livestock product manufacture and proceuinl 

30402 
30403 

" 1 Epulpment for .ea foo(product manufact,ure and proceuin. 

30404 

30405 
30406 

30407 

.:, 

Equlpment for fruit. vegetable and agricultural preserved food 

manulacture .nd proclning 
~ 

Eq",ipment for seasoning m:.nulaclure ! 
Equipment ror polished grain and enriched rice manufacture 

Equipmenl for wheat (Jour manulacture 

Equipment for sUlar manufacture and 

'ose and caramel manafacture 

refining • millet honcy • gluc-

367 

·1 
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1 
1 

» .. 5 ~ 

368 

~I .... ificalion c .. .1e ~ Type of uaeu . 

1 

/ 

~ 

~O'IÎJ8 
30409 

, 30 .. 10· 

30411 

30412 
JO.cl3 
30414 
30415 
30416 
30417 

30418 
30419 
30420 

305 

30501 

3050J 

30503 
30504 
30505 

, 30509' 

306 

30601 
30602 

50603 
00604 

301 
30101, 

3970i-
1 

30103 

1 

"~~8 ! 
30801 
i 

30802 
/30803 

309 ' 

/ 30901 
7 30902 

"30903 

• 
I::quilJmunl for bread And cak. manufacture 

Equipment (or 10(t drink manufactu~. 
Elllli,lIIiollt (or ot!'dr drink n"nulacture. 

Equipment tor 'Ad manufactur. / 

EfluJpment (or· fit 'and oil • m~rlarlne and linter 

Elluipm"nt (or edible, ye .. , ~n,d mAlt ",anufacture 

ECfuipme,u'for tee manufacture c • 

E"uipment lor Ilarch m~~l\f&Ctu'e 
l!fJuipmenl for· nood)..s manufacture 

. 
; . 

~ " 

manufacture . 

Equlpment for been curd • "kol\nYAku" And -.dible Fu"manufact\ate a,nd 

othe r buna prooe .. ing 
~ 

Equipment for Irening • ice manufacture and cold Itorale busine .. 

Equipment for 0ther food manufÂcture 

E~~ipment for tob.cco manufuctu,e 

E!lulp~ent 'for textile product manufacture \ 

• E~uipment for .ilk reelln, \. spin'ninl • twiatinl )!earn and 'other 

th'read play in, \ 

Eq!:,ipmen~ for woven good ~anu'lacture -J 

Equipment ror 'nitted loot ~anufacture 
Equipment (br a'diustinl dyeins and hand-dyeing 

Equipment for tewed ,ood manulactur. 

Otheu 

Equip.ment for lumber and wooden product m'ARulacturJ! • 

Equ ipment for 

Equipment fOl> 

Equipment for 

Equip"'~t> for 

Equipment for 

IIwing and tumbe1-, chip J1)anufacture 

pl~nk and v4.feer boa~d manufacture 

wooden, product manulac ture 

wood anlisepi i. 

pulpe, papér and paper product mahu(acture 

Equipment for pulp m.nufactur. 

Equipment (or piper manuf.cl~~,~ 

Equipment 6 for proce,ued paper , paper product and p .. p.r. conti iner 
• 

manufacture 
\ 

'Equipment for publishing , p~inting and aUled Industries 
"~ , , Printin, equipmera 

Bookbinding equipment 

Équipment (or phototype processing and other pri'ntlng a)li~d inCiu~trie. 
Equipment for lerlUiur magu{acture 

Equipment Jar ammonlà manufactur. 

Equipment {or- sulphuric acid and nltric Icid manllrlcture 

Equripme~t (or loluble phosphor l.rU Uzer manuf.cture 

, 

-~--_____ :..I _..:.-______ ~ ____ ~ , 

~ 

\ 

'7 

1 ! 

• > 



~ 

~ 

~ -

~luslfication code Type of MlSllts 
, 

b 30904 
, 

30905 

310 

31001 

. 31002 
/ 

31003 . 
31004 

" 31005 

, 31006 . 
31007 

31008 

31009 

31010 

31011 

~lOli 
, 31013 

31014 

- " 
31015 

1 31016, , 

31019 

311 

31101 
~ 

1 

31112 

31103 

31104 

31105 

31106 

31107 
.-

1,/ 

Equipmenl lor olher chemical lertili:t..,r lunnufucture ' • 

Equlpmenl for compound lerlilizer and other (erll!lzer nlanufacture , 
Equipmenllor Inor.,ganjc industrial chemica1s m.nufacture 

• 
F;quipment for soda uh. caustic soda. metallic sod., ammonium ch-

loride and caustic pOlash manufacture 

Equipment for sodium ~~~Iride and ilS hydrate. 'sodium sulfate, sod

rum cyani~e and sodium peroxide manufacture 

Equi~ment for other chloride manufacture of soda and potash, 8,)(clu

ding assets Iisted in the cl'assification code 31013 and 31014 

Equipment ror ammonium salt manufacture, exclud Ing ammonlun sulp

hale and ammonium chloride 

Equipment ror carbide, phosphorlc acid, phosphorus and phosphoric 

compound manufacture 

Equlpment for IIghl carbonate of lime manufaclure 

EquÎpment for 

Equlpment ror 

Equipment ror 

Equlpment ror 

manufacture 

Eq'ulpmenl ror 

Equlpment for 

Equlpment ror 

mIne, lodine, 

Equlpmenl ror 

ufacture 

Equipment for 

Equipment for 

Others 

Equipment for 

bengala. mlniu~, litharge and zinc oxide manu(acture 

titanous oxide. lithopone and barium salt manufacture 

carbon black manufacture 

oxgen, hydrogen, carbon dioxlde and soluble acetylene 

salts manufaclure -ho 
sulphate of iron, olher sulphatesand suJphlle lOanufactur~e 

manu(acture of bromlne, ~odine and compounds or bro

ehlorine and fluorine • 

anpydrou chromate and other chromate compound man-

carbon di;Ulphide" manufacture 

active carbon manufacture 

organic industrial chemica'ls manufacture 

-

Equipment for ethylene. propiltme. putylene, pu.agien Ind Acetylene 

1 mlnufActure made (rom petroleum And natural gas 

Equipment for acetaldehydo and Ace tic AC id mlnufacture 

Equipment for ethanor, melhanol and lheir derivatives manufacture , 
Equ.Îpment for other alchols and ketone manufacture 

Equlpment (or aliphatlC:: intermediate manufacture, excluding those 

1 !isted otherwise 

Equipment (or chlolide, bromide and fluor ide manufacture of hydroearbon 

Equipment for formic Acid, oxalic acid lac tic Icid, tartaric aeid su

cCinic acid, citrie acid. tannie acid and gallie acid manufacture 

Equlpment ~r separating Ind refinning of coal gas. oil gas. &tomaric 

1. 

369 
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le laulfjc'tlon code' Type of assets 

compounds nlude from pe~roleum and,other compound. 

Equipment for dyes and pigment. Jnanufacture. not "sted olherwlle 

E'I"lllnlont fllr cyclic intermediute manufacture. excludins I~ose list-

ad otherwisa ~ 
• 

Equipment for plastic and aynthetic rubber manufacture 

Equipment for plasticizer manufacture for Iynthelic ras Ins 

Olhur, 

Equlpmenl for synthe t ic liber manulacture 
y 

Eqllipmenl (or rayon and Icelale fiber manufacture 

Equlpmenl for synlhetic fibers manufacture 

Equlpment lor mAnufacture 01 oil and fat producu, detergenls. surfa-

ce active agents and paints 

Equipmenc for hydrogenced oii. l.tlY aCld and ,Iycerln manufacture 

.Equipment for soap. synthetic detergent and surface-àclIve agent m-

an'ulacture~ \ 

Equipment for paint and prlnting ink manufacture 

Equipment for pohshlng mAlerial., grlding od emslsilled, ail manu'a-

cture 

Equlpment for candie manufActure 

Equlpment for medical druK manuCacture 

Equipm,r.t for medlcal drug manufacture 

Equlpment for manufacture of sterilizers. insecticides. rat pOISons. 

herbicides and other prepar~iions for animais and plants 

Equipment for rugent manufacture 

Equipme~t for othe'r chemical industria 1 produc,t manufacture 

Equipment for' explosive manufacture 

Equipment for manufacture of organic rubbur chemical •• photo chem

ieals and ar'Hicial parfume 

Equipment for toiletries manufacture 
'. Equipment for glne. gelatin and glue manufacture 

Equipme/ll for photo film and other sensitive mâlerials manufacture 

Equipment for magnetized tape manufacture 

Equipment for natural resin and lumber chemieal ~roduct manufacture 

E,!uipment for processed starch manufacture 

Equipment for active kaolin and si licAgel manufaclure 

Equipment for electrie insulating material manufacture 

Equipment for writing and stamp ink manufacture 

Others 

Equlpment for petroleum and coal product manufacture 

Equlpment lor petroleum relining and reproduction of wast'e oil • and 

370 
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!classifleatfon code ~ Type of &Suu of 

It 

" 

'. 

1 

1 

" 

, 

, 

31602 

31603 
31609 

317 
31701 
31702 
31703 
31704 
31705 

31706 
31707 

31708 

31709 

31710 

31719 

318 
31801 
31802 
31803 

for lub/i'Catin" 011 and grease manuC.cture ' 

Equipment lor briquette. briquette bail and carbon powder manulacture 

Equipment for a.phalt emul.ion and other a~phalt produets manufacture 

Other. 

Equlpment for ce ramie •• tone and clay produs:t manufacture 

\ _ Equipment for 

V ~u ipment for 

1 E-quipment for 

Equlpment for 

grau and Ils product manufacture 

cement manufac tu re 

ready-mixed concrete manufacture 

cement product manufactùre 

, 

Equipment for seramic ware, clay producl , Cire-pro'of meterial and 

d,latomaceous e.rth product manufacture 

Equipment for carbon product manufacture 

Eq~ilf1'ent for abrasive grain and its prodITet manufacture 

Equip~ent for f1yash mining and for stone pro'duct and pseudo-stone 

manufacture 

Equlpment for asbestos product , asbeltos cement product. -rock wo

oÎ"aFfi ilS produc,t manufacture 

Equipment Cor lime and magneslum lime manufacture 

Others • 

Equipment Cor Iron and steel materials and product manutacture 

Equipment Cor pig iron manuCact~re 

Equipment for pure iron and ferro-alloys 

Equipment for steel manufacture 

manufacture 

n " 
31804 

3180! 

31806 
31807 
31808 

31809 
31810 
31819 

319 

31901 
31902 
31903 
31904 

31905 
31906 

1 

Equipment for steel manufacture by contlnuous casting proceU 

Equipment lor hot rolling 

Equipment for 

Equ Ipment for 

Equ ipment for 

industries 

cold rollln8~ and cold forming 

steel pipe and tube manufacture 

wire drawing , drawing, steel re-rolling and shuring 

; Eqùipment lor iron and steel forBing 

'" Equipment for steel and pig iron casting J'lanu{acture 

, Equlpment for other iron and ueel industries ... 

: Equipment for non-(errOU$ metal material and product manuCacture 

Equipment for copper. lud and line smelting " 

Equipment (or aluminium smelti nI! 

Equipment (or other non-ferrolls metal smelting 

Equipment CL - roning, 'extruding and wire drawing o( non-{erroüs 

metals 

Equipment {or casling manufacture o( non:'(errous metals 

Equipment for electric win and cable ma'nufacturè 
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!cla .. Hica,tion code Type of a uet, 

3100!) 

320 • 

32001, ---1 

32002 ( 

J200J 

32004 

32005 

32006 

32007 . 
" 32009 

321 

'32101 

32102 - . • 32103 

32104 

32105 , 

32106 

32107 

32108 

32109 

32110 

~11 
"-

32112 

1 

32113 

Other. 

" Equipment for 'abricated metal product manul.cture 

Equipment for metal can.and metal container manul.cture 

EquiPIlIent ~or 4IIetai western style tableware, cutlery. hand tool and 

IKrlcu'ltllral tool manufllctllre 

E'l"lflnlunl for sloul struClure mllnùfllC tu're 

Equipment for metal Curniture, fixture and construction ironware ma

IIlIf/lCIII re 

Equipme'Dt for punched. pressed aneJ.other (abricated metal product 

manufllctllre 

Equlpment for metal painting, plulng, engravlng and aluminium foll 

processmg 

Equlpment for fllbricated wire product,acrew. rivet and bolt7~acturl 

Olhers 

Equipment for ge-neral machinery and attachment menu(acture 

ElJuipmont for boilers, en"ines and lurbinell Inllnufllcture 

Eqùlpment for agricultural machinery manufacture 

Equlpment for construction Ilnd minlng machlnery and vehlcle Wllh 

prime moyer manufacture, not elseware classl(led 

Equipment for metal machine tool manufacture 

Eq.ulpment for metal working, foundry, synthe tiC regln processlng and 
• 

wood working machinery manufaCture' 

Equipment for machinista ~recision tool, mold and die and lig 

manu~cture 

Equipment (or "awing machines. textile machinery and their parts and 

Iceessories manylacture 

Equipment for wind and water power equipment, 011 hydraulic eq'uip

ment, melallic valve, relrigerator and centrdugal separator manufacture 
8 

Equipment for ban and roUer bearing and theit' parts manuCaCture 

Equipment for geu' and othe, r power ~ransmiSSionLqUi ment manufact:" 

uring 

Equipment (or food preparation, heating, househo d and survlce ind-

• ustrial appliance manufacture .. 

Equipment for other induatrial machinery, parts and accessories ma

nu(acture 

Equipment for office machine manufacture 

\ 
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,< , 

't 

n .-

ri 

~a •• i(jeationcode 

32114 

322 

32201 

32202 y:': 

32204 

32205 

32206 

32207 

32208 

32?09 

323-

32301 

32302 

32303 

32304 

32305,"1 , 

32306 

32307 

, , 

Type 01 aneta 

)i;quipment for machine. parU ahe! aecesorles manufacture. not .1-

aewhere elassified 

Equipment fpr e.l,ctrleal machinery and lupplies maflufaclure 

Equipment lor Industrial and household electric app*rantus manufacture 

Equipment for electric lump, electron tu\,>e and electric d,seh.rge 

lump manufacture '.' 

,l'v" 
Equipment lor electric measuring instrument, eomunicatton equipm- < 

ent, applied electronic equipment and lheir parts manufacture 
1 

Equipment lor railway signal and salety appliance manufacture 

Equipment lor semi-conductor element manulacture 

Equipment for integrated circuit manufacture 

Equipment lor resistor and statie condenser manufactute 

Equlpment lor battery manufacture 

Equipment for electrie apparatus part. manufacture 

Equipment lor transportation machinery and instrument manufacture 

Equipmellt for motor cllr nllln"fucture 

Equipment {or motor car body manufacture and settmg 

Equipment for engine and parts manufacture for vehicles 

Equipment for rolling stock and parts manufacture . 
Equipment for bicycle and parts manufacture 

Equipment lor steel vessel building aod repainn" 

Equipment for wooden vessel b~ildlng and rapairlng 

32308 , .. 'Equipment for aircraCt __ nd parts manufacturing ot repairin., • 

32309 . 

324 

32401 

32402 

32403 

,. 1 

32404 

32405 
-

325 

32501 

32502 

Othon 

Equipment for precision machinery and instrument manufacture 
o 

Equipment for testinl machines and measuring instrument manufacture 

Equipment for dental material manufacture 
11. 

Equipment lor medical, physical and chemical apparatu. and instru-

ment manulacture 

Equipment (or lense,optical apparatus and their parts manufacture 

Equipment lor time keeper and its parts, photograph shutter, mech

anism of musical box and film sprol manufacture 

Equipment for other products manufacture 

Equipment for small atms and attillery bullet, she!l,exploding article, 

luse and other gun use parts and accessodes manufacture 
.. rl 

Equipment lor mus ical instrument and phonograph record manufacture 

,373 
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'. C'.nifibuion code Type oC Aluts 

32503 

-32504 
, 

. 
32505 

3250G 
( 32501 

32508 

32509 
• 

32510 

32511 

32512 

32523 

32514 

32515 
... 

326 

3260) 

32602 

3~603 

32604 

32605 

32606 

327 

32101 

32702 

32703 

t 32704 

. 32705 

32706 

328 

32801 

32802 

12803 

Equipment for toys, rishing rad and their accessories manufacture . 
Equipment f/fr fallntain pen, boil-point pen, lead pencUe, painting ~a'-

erial and india Ink manulactllre " 
Equrpment fo.r personal a~or'lment, brus/l, button and slide-Castener 

tnanllfac~1I rO 

EII'''I,n'Ullt for pluluic prodltct manufacture and llIanufacturing induSlri •• 

Equipment Cor "tatami W (Japanue mat), Inalting and other-strawgo

oos mallllfllcture 

Equipment for match manufacture 

Epuipment for linoleum, Iinotile, a.phall tile manufacture 

Equipment for textile 'wall maleriat manufaclure 

Equipment for tyers and tubes manufaCture 

Equipmenl fOl olher rubber prodllcls and reproduced rubber manufacture 

Equipment lor leather tannlng and {Inishing manufacture 

, 

EQuipment for luther product manufacture (~ 
Others 

Equ,ipment for wholehle and retail trade 

Equipment for 'uevedoring and warehousing for wholesale and retail 

lrade 

Equipment for wholesale trade of pc.troleun and li~jfied gIS 

Equipment lor waste paper packing 

Equipment for Iron scrap disposins 
• 

Equipment for dinning use, etc, ln restaurants and hotels 

Equipment for gasoline and liquHied pelrol,l!um gu stand and car 

washing industries 

Equ ipmenl.for Ira nsportation and commun ica lion ' 

Equipment for cable railways and rope-ways 

Equipment for stevedoring And warehau:.ing industries 

,Equ ipment for measured result certihcAtU issulng induuri.e. 

Equipment (or rescuring w~ecked ship and salvaging 

Equipment lor international telephonc and telegra~h 
< 

Other' communicAtion equipmc!nt 

Equipment (or et'ectricily, gas And water works 

Equipment (or hydro power generAtion 

Other power generalion equipment ( 

Equipmenl for electricaltransmission, transformation and di.tribulio'n 

. . 



CI ... ilicationc,te " Type' oC a.s.HI 
, 

. 
• 

32804 

32805 

32806 

'32'807 

32808 

329 

32901 

32902 

32903 

32904 

32905 

Il 
32906 

32907 

32908 

32909 

32910 

-, 32911 
, 32912 

32913 

32914 
-

330 

33001 

1 

33002 

33003 

33004 

399 

~-, ... 

/ 
-----~--~-~ -- --

• 
(electrical transformation equipment are for eleetrieit)'. raiJway Ind 

tramway enterprises,,\and electrical distribution 'equipment are Cor el 

ectricity enterprise~) • \' 
~ 

Itorage b",-ery power supply-
't.1:> 

electric news lellers 

Eq~pment Cor 

IYfuipment for 

Equipment for 

rellning 

coat la., petroleum g~s a1'd coke manuCacture 'and ga. 

Equ ipment for' gas works 

Equipment for water supply and drainage systems 

Equipment lor services 

'Laundries equipment 

Public bath houles equipment 

Cremation equipment 

Equipment for developing and printinl color film 

Equipment for other film development a"d print 

Equipment {or motion plctures productiom 

Eqllipment (or motion pietures and drama runnmg 

Equipment (or recreation at amusement parks 
, 

Bowling allen equipment 

Equlpment for broadcasting TV Ind radio 

Equipment for automobile breakingup and repair services 

Copying equipment 

Surveying equipment 

Equipment for leaso industries 

1 
1 

1 -
! 

. 
1 

1 

1 
1 , . 
1 
! . 
1 

~ 

! 

1 
1 

Equipment ta be used for repair ihops in non-machiner)' industry 

sewage disposai, researeh and other purpol8S 1 

Equipment ta be used for repair shops and workshops in non-

mach ine ry indus try 

Equipment for aewige disposai 

Equ ipment lor smoke disposa 1 

Equipment for development re~earch , 

Other equipment. not elsewtiere listed 

( 
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TABLE G-1 

STRUCTURAL CHANGES IN GROSS DOMESTIC PROnUCT SHARES, CANADA: 1951-1984 

\ 
\ ,; 

GOODS SERVICES 
i 

'" Goods Transport. Trade 
Producing\> Man,ufac- Communie. Public Finance Total 

Year Sector turing Uti1ities Administ •. Services Servicés ~ 

1951 23.9 29.5 j 11.6 5.4 29.6 46.6 
1952 22.3 29.6 11.3 5.5 ~ 31.3 -48.1 
1953 

f 
20.4 29.9 11.7 5.9 32.1 49.7 . 

1954 18.3 29.2 11.8 6,.6 34.1 ' 52.5 
1955 18.7 28.5 12.1 6.4 34.3 52.8 
1956 19.2 28.6 12.4 5.8 34.0 52.2 
1957 17.7 28.0 17.4 6.5 35.4 54.3 -" 

1958 17.4 26.8 12.1 6.8 36.9, 55.8 
1959 16.8 26.9 12.5 6.8 37.0 56.3 
1960 16.5 26.4 12.4 6.9 37.8 57.1 
1961 15.4 26.0 r 12.6 7.1 38.9 58.6 
1962 16.4 26.1' 12.1 7.0 38.4 57.5 
1963 16.4 26.2 12.1 6.8 38~5 57.4 • 
1964 15.9 26.6 12.1 6.7 38.7 57.5 
1965 ' 16.5 26.1 11.9 , 6.6 38,.9 57.4 
1966 17.2 25.6 11.7 6.8 38.7 57.2 
1967 15.8 25.0 11.9 6.9 40.4 ..... 59.4 
1968 15.4 24.8 11.7 7.0 41.1, 59.8 
1969 14.9 24.4 li.6 7.2 4};9 60.7 
1970 14.6 23.4 11.8 7.3 42:9 62.0 
1971 15.0 22.9 12.1 6.7 43.3 62.1 
1972 14.2 23.3 12.4 7.3 42.8 62.5 
1973 14.1 23.9 12.5 7.1 42,.4 62.0 
1974 13.4 23.7 12.7 7.0' 43.2' 62 •. 9 
1975 13.5 22.0 12.7' 7.4 44.4 64.5 .. ' 
1976 13.5 22.3 12.8 7.2 44.2 64.2 
1977 13.3 22.1 13.1 7.2 44.3 64.6 
1978 12.4 22.5 13.3 7.1 44.7 65.1 
1979 12.2 22.9 13.7 '6.8 44.5 65.0 
1:980 12.3 21.9 13.9 6.8 45.1 65.8 
1981 12.3 21.5 13.9 6.8 45.5 66.2 
1982 11.9 19.9 10.5 10.7 47.0 68.2 _ 

, 1983 11.7 20.6 13.8 7.1 46.8 ,67.7 
1984 11.2 21.3 14.1 6.9 46.5 67.5 

,1 , 

t w 
Source: Urquhart, M.C. (1983) Historieal Statistics of Canada, 2 ed. , 

Statistics Canada, Ottawa,. \\\ 

Department of Finance (1985), Economie Review, Ottawa. 
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e 
TABLE G-2 

STRuCTùRAL cHANGE IN SERVICE GDP SH~ES, 
CANADA: 1951-1984 

'" .. 
. -

f' 

, Communi t y . 
Wholesale Finance Business 

\ & Retail Insurance Persona! 
Year Trade & Real Est. Services Total 

• a ~ 

;,) , 

0 

1951 10.9 8.9 9.7 29.6 
"'1952 12.5 9.1 9.7 31.3 

1953 12.1 
" 

9.7 10.2 32.1 
1954 12.4 10.8 10.9 34.1 
1955 12.5 11.0 10.8 34.3 

1t 

1956 12.5 10.1 11.0 34'.0 
1957 12.8 11.0 11.5 35.4 
1958 12.8 .. 11.9 12.2 36.9 

'" 1959 12.9 11.5 12.6 37.0 1 

1'~60 12.8 / 11.6 13.5 37.8 
1961 12.7 11.8 14.4 38.9 
1962 12.5 11.5 14.4 38~4 
.1963' 12.4 11.4 14.7 38.5 
1964 -12.5 11.2 13.0 ... , 38.7 
~1965 ~2.1 11.5 15.4 38.9 
1966 2.0 10.8 15.9 38.7 . 

" 1967 12.2 11.0 17.2 ' 40.4 
1968 12.2 11.5 19.9 41.1 
1969 12.1. 11.4 18.4 41:. 9 
1970 12.4 11.3 • 19.2 42.9 
1971 11.8 11.5 19.3, 43.3 
1972 12.2 11.5 19.1 42.8 
1973 ,1 12.4 11.5 18.5' 42.4 
1974 12.8 11.7 18.7 43.2 . 
197Y 12.9 12.0 ' 19.4 44.4 
1976 12.9 12 .. 0 19.3 44.2 
1977 12'.8 ,} 12.4 19.1 44.3 

. 1978 12.9 12.7 19.1 44.7 
1979 12.9 12.7 ~ 18.9 44.5 ,\. 
1980 12.8 . 13.0 19.3 45.1 
1981 12.6 Il 13.2 . 19.7' 45.5 
1982 12.2 13.9 20.8 4.7.0 

'1$ 

C. 
1983 12.4 13.8 20.6 ,!> 46.8 
1984 12.5 13.5 20.5 46.5 

\ ' 

.../\ ~ 
-' 



----,---._~-_.-.- ~-. 

" 

,~ 

'\ 

- -- "'P ._~ ___ • -

"V 

..r~ 
.~J -y .. 

[':. 
1-

TABLE G-3 ~ 

INDUSTRIAL PRODU~TION INDEXES IN CANADIAN 
MANUFACTURING: 1"951-1985 k 

.,.. 
Two 
Digit" , 
SIC Manufacturing Industry 1951 1961 1966 1971 1976 1981 1985 

5:01 Food & 8everage Products 42.4 64.3 82.4 100.0 113.5 122.6 125.5 
5:02 Tobacco Products 3~.8 73.0 87.5 100.0 112.9 114.6 105.3 
5:03 Rubber & Plastic;Products 32.8 38.9- 70.8 1 [30.0 138.0 162.3 195.0 
5:04 Leather Products ~ 63~6' 90.0 99.3 100.0 106.3 110.3 100.6 
5:05 Textile Products 38.7 51 .. 9 73.3 100.0 114.0 136.0 135.5 
5:06 Knitting Mill Products 29.5 49.4 68.2 100.0 f 105.6 116.4 112.7* 
5:07 C1othin'g Products. 57.0 74.1 90.9 100.0 126.3 123.4 123.8* 
5:08 Wood Products 51.5 64.2 84.9 100.0 134.8 145.6 166.6 
5:09 Furniture & Fixtures 37.1 58.4 92.6 100.0 124.3 140.6 134.9 
5:1D Paper & Allied Products 49.1 63.4 87.0 100.0 112.0 125.4.- 133. t 
5:11 Printing & Publishing 44~ 69.8 85.3 100.0 137.7 173.3 192.0 
5:12 Primary Metal Produc~s 59.2 87.9 100.0 104.1 119.0 124.5 
5:13 Fabricated Metal Products 54.2 89.9 100.0 120.2 131 .0 J 114.3 
5:14 Non-E1ectric91,Machinery 45.7 83.7 100.0 140.5 206.8 190.2 
5:15 Transportation Equipment 32.2 32.0 . 65.1 100.0 149.0, l37.5 "185.9 
5:16 ,Electrical Products 27.5 47.9 87.3 100.0 118.7 140.0 139.0 
5:17 Non-Metallic Mineral Products 33.0 59.3 85.9 100.0 121.0 119:9 119.9 
~:18 Petroleum & Coal Products 28.5 62.0 79.3 100.0 126.3 141.3 120.8 
5:19 Chemicàls & Chemical Products 23.6 48.8 76.8 100.0 125.0 156.2 173.1 
5:20 Miscellaneous Products 28.3 57.6 82.5 100:0 124.8 132.9 122.2 

\ 

* Index of Industrial Production is for 1984. 

Source: Urquhort, M.C. (19B3) Historical Statistics of Canada, 2nd Edition, Statistics Canada, Ottawa 
5tatistics Cana~a (1983) Gross Domestic ProdüCt Br Industry, Catalogue 6i-213, Annual, Ottawa 
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