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ABSTRACT

The United States, rvhich is usually referred to
as the most technologically ad.vanced. and wealthy
nation of the rvorl-d, has often been the source of
technological inspiration for canada. Due to the close
geographicar rerationship, canada has depended on the
united states econornically to a large extent. rn addition,
the penetration and control by the Americans in the
canadian scence has created a general belief that it
wour-d be a surprise if the canadians could outdo the
Americans.

rt is true that the united states is the leading
nation in many fields, particularly in the field of
technol-ogicar innovation. Nevertheless, it does not
foll-ow that canada shour-d arrvays be ragging behind its
southern neighbour- rf the resources are efficientry
employed, there is no reason why canada shourd remain a
follower rather than a reader at a specific stage in a
specific field- The development in the canad_ian steel
industry has provided us with an excer_rent irrustration,

The gross and net outputs of the canadian steel
industry has increased by approximately 400-500 per cent
whife labour productivity, expressed as net output per
man-hour, has increased by 250 per cent for the period
l-946-1969 - The net output grolvth of the American steel
industry arnounts to onry r-r0 per cent and labour
productivity grew by L45 per cent for the comparable
peri-od- The substantiar- growth of the canacrian steel
industry has often been attributed to the prompt
introducti-on of the nev/ technorogies in steer-making"
namely, the basic oxygen furnace and ihe continuous casting
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machine " The advantages of these netv technol-ogies have

been the savings of raw, materials, time, machine motions,
capital cos'Ls and operaiing costs " A s tudy of the process
of the diffusion oÍ technology reveals that the American
steel industry had lagged behind its Canadian counterpart
in adoptinq new technologies for a number of years-
It is a'l so found that smal 1 firms introduced new technologies
earlier than big firms in both countries. The iactors lvhich
contributed to the earlier adoption in Canada were the
competitive sLructure of the industry, the rapi-d rise of
the wage rate, the growth of the steel market and the
healthy profit trend of the industry. Besides the young

age of the newly installed open-hearth furnace in the
United States at the time when the basíc oxygen furnace
was adopted by Canad.ian iirms, the factors v¡hich delayed-

the adoption of the nei,v technologies vTere the lack of
competitive forces, the dectining steel market and the
falting profit rate of the steel índustry.

The delay in the American steel industry has affected
the growth in net out;out and labour prod.uctivity of the
industry. A mod.ified Solow model indicates that the
technol-ogical index of the end. year of the comparable

periods has been higher in Canada than in the United. States -

Much of the net output growth in the Canadian industry is
attributable to technol-ogical change since the analysis
of a Denison approach shor,vs that only five per cent of
the net output growth is attributable to quatity improvement

of inputs. Production function estimations, i,vhich are based
.on a Cobb-Doug1as function and a model derived frorn a CES

function, again provide consistent results in general and."

in addition/ uncover thai the elasticity of substitution
and the degree of the returns to scale are both greater
in the Canad.ian than in the American steel ind'ustry.
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Thus, the cliffusion of technology is positivellt related

to productivity performance " Policy actions should tiren be

directed to encourage the prompt introcluction of nev¡

technology in orcler to increase the rate of productivity

grodth. The factors which can be manipulated in the

present case are the gror,vth rate of the r'rage rate and the

market structure. Policies which are relevant in this

connection are the vrage-restraint policy and- the enforcernent

of the competitive structure of the industry'
It is a i¡ell known fact that the productivity growth

of the canadian has been greater than that of the American

steel industry in recent years. The present study provides

evidence to substantiate the above assertion through a

systematic analysis of technological change - It establishes

the positive linl< between diffusion of new technology and

procluctivity growth, and argues that the rvage policy and

the enforcement of a compe'titive market structure are

relevant to the diffusion of new technology. The irnplication

of this study is, therefore, that if policies a-Te carefully

designed such that the resources are used efficiently '
canada, though relatively small I caî d.o better than the

United States.



Chapter I

INTRODUCTTOi{

A. General Scope

The purpose of this thesis is to attempt a systematic

analysis of the rapid growth of the Canadian iron and steel

mill-s industry since L946. In terms of gross output, Canadian

prod.uction of steel ingots and steel castings was 21327,285 net

tons in 1946 and. it rose to 10,047,557 net tons in 1969. In

terms of net output, the constant value added figures (in 1961

dollars) in l-946 and 1969 v/ere I28,873,000 and 557,868,000,

respectively. I This shows that both gross and net output have

increased by approximately 400-500 per cent during the period

under review. Labour productivity, expressed as net output per

man-hour, has íncreased by 250 per cent for the same period.2

This unprecedenLed. growth in steel-making in Canada

is frequently attributed to Lhe prompt introduction of new

technologies. In other words, the adoption of new technology

is considered as the crucial factor in the process of growth"

However, it is not the accessibility of technical- knowhow which

is important since technical knowhow, apart from the protection

lGross output figures are obtained from Statistícs Canada,
Catalogue no. 4L-203, Pz,imarg Iron and Steel Industry t 1947,
p. 12, and L969, p. 12. The derivation of constant value
added is explained in Chapter V.

2Net output per man-hour increased from $2.1131 in 7946 to
fis.3773 Ín 1969 (constant. 1961 dollars). See Table V-3.
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of patent rights, is generally easily accessibl-e to all major

sLeel producers. It is the decision to adopt new technologies

which is crucial" This decision, hol,rrever, depends on a number

of factors such as expectations about further technological

development and foreign competition; these factors can be

1abe11ed as determinanLs of diffusion of new technologies.

B" The Meaning of Technological Change

Before having gone too far, this may be the appropriate

time to discuss the meaning of technological change" Generally

speaking, the economics of technological change refers to the

study of the production of new knowledge, general as well as

technical. Schmookler defínes technology as a set of applied

science, engineering knowledge, invention and subinvention where

subinvention refers to an "obvious" change in a product or process

such as routine innovation. l Addition to knowledge in any of

the above four categories is considered as technological progress.2

Iviansfield defines technologica]- change in a more explicit v/ayB

"Technological change is the advance of technology,
such advance often taking the form of new methods
of prod.ucing existing products, new designs which
enable the production of prod.ucts with important
new characterístics, and new techniques of organt-za-
tion, marketirg, and management. " 3

1J. Schmookler, fnuention and Economic
Harvard University Press, 1966), pp.

ztbid., p" 7 "

Gz,outl,t (Cambridge:
5-6.

39" Mansfield, Ihe Economics of IechnoLogicaL CVtange
(l,ondon: Longman's, Green Co., 1969), pp" 10-11.



3-

Mansfield's definition makes no distinction lcetween

the terms technological change and. technical change" In general,

the latter refers to the ad.d.ition of specific knowledge such as

a new production technique which enables the mal<ing of more

goods or better goods from a given set of inputs while the

meaning of the former is broader, including the changes in

organization, management and related knowledge as wel.l as

technical change. Thus¿ Mansfieldrs definition of technological

change is a coml¡ination of the two terms technological change

and technical change in the general sense.

Th-e grolvth of the Canadian steel industry is

attributable to the adoption of new technology and the improvement

of the organizational and managerial systems ín the índustry.

Thusr wê have adopted Mansfiel-d¡s definition of technological

change and it is used interchangeably with technical change"

However, the study of technological change in the present thesis

is not a study of the creation of knowledge or the addition to

the existing knowledge of steel-making. It is a study of the

process and determinants of the adoption of new technology and their

effects on the net output growtLr- and the production relation-

ship of the steel industry.

C" Objectives

rn canada, the steel industry ranked- as the thirrl

largest ind.ustry by vafue ad.ded in 1967.r As the steel industry
rsubmission to the Standing Senate Committee on Banking, Trq.de
and Commeyce by Algoma Steel Corporation Ltd.., Dominion Foundries
and Steel Ltd., and The Steel Company of Canad.a Ltd., r1'[ay L970 |
Appendíæ Ct Table 20.
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is generally regarded as the backbone of the economy, its

excellent performance in recent years has no doubt had profound

effects on the d.evelopment of other industries. Thus, âD analysis

of its performance can be expected to yield useful conclusions "

Particularly, arr understanding of the process and determinants

of diffusion in the steel ind.ustry can throw some light on the

problem of technical cLr.ange in other industries.

Bearing these in mind, the objectives of this thesis

are set out as fol-lows:

(1) To describe th-e development of the Canadian

steel industry since 1946 with particular

emphasis on its technical aspects of productíon.

(2) To examine the process of diffusion of new

technologies in order to identify the determinants

of rapid diffusion.

(3) To measure the rate of technical change and

other parameters in steeJ production so that the

rel-ationship between rapid diffusion of technology

and net output growth can be inferred.

Aiming at achieving the a-bove ob jectives, the thesis

is divided into eight chapters of which we will describe th-eir

contents briefly in the foJ.lowing section.
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D. Outline of Contents

The present chapter is to provide an introduction of
the tLresis" Chapter II is devoted to a background study of
the Canadian steel industry with an historical account of its
development and the technol-ogical progress of steel-making

techniques " After the foundation is laidn the third chapter

reviews the basic theory and measurement method of technological

diffusion and technical change. Salter'sI and Mansfield's2 works

in diffusion of new technologies, the residual approach and

the production function approach of measuring technological

change are the topics of discussion. The fol-lowing chapter

(Chapter IV) is a study on the diffusion process of the basic

oxygen furnace and the continuous casting machine in the

Canadian steel industry. References will- be made to the

diffusion process of the same technologies in the American

steel industry for the purpose of comparison. The remaining

chapters, namely Chapter V, Chapter VI and Chapter VII, are

all devoted to an analysis of the magnitude of technological

change and net output growth in the Canadian stee.l_ industry.
rn chapter v, a modified-solow model3 is used to eval-uate the

effect of technical change and its contribution to l-abour

lW. Salter, Pz,oductiui.tg and TechnicaL Change (London:
Cambridge University Press, l-960). 

"

2F,. Mansfield, rndustz,iaL Research and. TechnoLogicaL change
(New York: h7. W" Norton, 1968) .

3p. Vi. Solow, o'Technical Change and. the Aggregate production
Function'n, Reuieu of Economics and Statt stics , 1957 ,pp. 312-30.
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productivity gro\'rth" The Solow measure of technical- change

is in fact a residual measure. As a step towards the breaJcing

up of the residual black box, a modified-Denison framework is
adopted in Chapter VI to quantify the sources of total factor
prod.uctivity growtlr.. The seventh chapter employs the production

function estimation approach to investigate the nature of

technical change, whether it is neutral or non-neutral, the

degree of returns to scale and the elasticity of substitution
between inputs by running regression" Again, the American steel
industry is used as an instance in comparison. The final chapter,

Chapter VIII, summarizes the findings of various chapters and

offers some concluding observations.

The reason for using several alternative approaches,

namely, SoJ.ow, Denison and production function estimation, to
measure the rate of technical- change and its contribution to net

output growth can be explained as follows. Economists have been

accused of using unreal-istic assumptions in the formulation of
economic theory, and the predicted result of the theory varies

with the assumptions made" Thus, it is not desirable to make

the conclusion from a theory or measurement which is based on

some shaky assumptj-ons. However, if the results obtained by

employing different theories and approaches, which presumably

are based on different assumptions, are consistent, then the

results are invariant of the assumptions made and are therefore

more relíable" Thus, the reason for using various approaches

of measuring the rate of technical change in the Canad.ian steel

industry is to see whether the results are consistent.
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Chapter II

THE DEVELOPMENT OF THE IRON AND STEEL INDUSTRY

The purpose of this chapter is to outline the

development of the Canadian iron and steel industry as a

background to understanding the technological development of

the industry. Special attention will be paid to the techno-

logical innovation in the industry since the ending of the

Second Worl-d War. Economic effects of various technical

changes will be evaluated"

A, History of Iron and Steel-Making in Canada

Iron was probably first melted in Western Asia

during the period 1800 B.C. 1400 B.C. The primitive blast

furnace was developed in Europe around 1300 A.D" which evol-ved

into charcoal blast furnace by the beginning of the l8t.h

century. In 1736, the technique of iron-making was brought

into Canada and a charcoal blast furnace was erected at

Les Forges Saint-Maurice, Quebec, and the fírst usable iron

\^ias produced in 1738.1 In Ontario, the first btast furnace

\¡¡as established at Lyndhurst in 1800 " The Les Forges

Saint-Maurice was closed down in IBB3 due to exhaustion of

l-ocal raw materials and the Lyndhurst work closed in 1802

due to unkno\^zn reasons. The failure of these furnaces was

attributed to the small and separated markets, which was a

lHarry Miller,
Department of
p" 1"

Canadat s Hí'stoz'ic
Energy, Mines and

First fron Castings,
Resources, Ottawa I L968,
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consequence of slow industrial growth, technical difficulties

and the inadequate protective tariff to meet import competition

from England and the United States. l

fn L879, a national policy d.esigned to stimulate the

development of the iron and steel industry by custom tariff and

bounty systems was adopted. Custom duties on iron and iron

products were increased" For instance, pig iron was admitted

at fi2 a ton" Beginning in f883, the bounty on locaIly produced

pig iron was fíxed at $1"50 per ton but reduced to $1 per ton

later" At the same time, the provinces and municipalities were

granting aid to develop the industry" The Ontario government

granted a bounty of $f for each short ton of iron ore produced.

Consequently, iron-makers were benefitêd from decreased ore

prices resulting from keen competition among ore producers.

Meanwhile, municipal governments offered free sites, tax

exemptions and bonuses to induce the establishment of iron and

steel works. AS a result, two new plants the Pictou Charcoal

Iron Company of Nova Scotia and the Hamilton Bl-ast Furnace

Company of Ontario came into being"

The bounty system survived until L9L2 while the

protective measures for the iron and steel industry were

retained" While it is difficult to judge on the wisdom of the

national policy of protection, the period between IB79 and L9L4

witnessed the origin and growth of three of the present four
iW.,l.A. Donald, The Canadian Iz'on and SteeL IndustrA, Houghton
Mifflin Co., Boston and New York, 1915, p" 78"



9-

major integrated iron and steel

Corporation of Nova Scotia (the

of Canada Limited (STELCO), and

Limitecl (ALGOMA) 
"

1G. E, vrlittur, Pr,ímary
of Energy, Mines and

firms, namely, the Sydney Steel

former DOSCO), the Steel Company

the Algoma Steel Corporation

The years between I9L4 and L945 witnessed the outbreaks

of the First World War and the Second World War. The two world

wars provided great stimulation to the expansion of the iron

and steel industry. The stimulation of the First !{orld War was

so great that the industry was overexpanded and capacity became

excessive after the war" The outbreak of the Second World War

provided another stimulation to the iron and steel industry and

saved some of the firms from their financíal difficulties.

Steel capacity was greatly expanded. and production increased

from l-"5 million net tons in 1939 to 2.3 million net tons in

L946.r

The period since the ending of the Second Vlorld War

has been a period of substantial- growth in the Canadian steel

industry" The fourth integrated steel company, the Dominion

Foundries and Steel Limited (DOFASCO), was firmly established.

by the early 1950s" Pig iron and steel ingot production has

been increasing at unprecedented rates" The following table

clearly shows the increasing trend of total- productíon since

L946 "

rv,on and SteeL i,n Canada, Department
Resources, Ottawa, 1968, p. 24"
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Table II-1

PRODUCTÏON OF PIG ÏRON, STEEL ]NGOTS AND STEEL CASTINGS

(Net tons) I

Year Pig lron
Steel Ingots and
Steel Castings

L9 46
L9 47
L948
19 49

1950
19 51
L952
1953
L954

1955
1956
195V
1958
l-959

1960
L96L
L962
L963
1964

1965
L966
t967
1968
L969

L,406 t252
L,962 ,848
2 tI25 t739
2 , L54 ,485

2,3r7 tL2L
2,552,893
2 t6BL,5B5
3,0L2,268
2 ,2LL, o2g

3 t215,367
3,568 t2o3
3r718r350
3ro5g,57g
4 rL82,775

4 t298 ,849
4,946 t02r
5,276 t753
5r933 t270
6r550r835

7,079 1439
7 t2L6,6L0
6 r 950, Bo3
B,3B2t60r
7 ,46r ,219

2 t327 t2B5
2 ,g 45 ,952
3 t20 0 r 480
3 tL90 ,377

3r383,575
3r568,720
3,703r111
4 tLL6,06B
3,r95r030

4 t534,672
5 r 30L t202
5,068,L49
4 ,359 ,466
5,90Lt487

5rB09r10B
6,498r307
7 ,173 t534
B,197 t070
g ,L2B ,459

1o ,0 68 ,342
10,020,L3L
9,700,832

11r198t447
10r047,557

lNet ton or short ton = 2000 pounds;
Gross ton or long ton = 2240 pounds.

Source: Statistics Canada, Catalogue
SteeL MiLLs, L949, 1958 and

no. 4I-203 | fron and
1969 

"
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A glance at Table II-1 convinces one that there has

been a clear upward trend in industry output" Pig iron production

increased six times from 1.4 million net tons in 1946 to 8"4

million net tons in 1968. The output of steel ingots and steel

castings increased from 2"3 million net tons to 1-I"2 million

net tons during the same period. The year-to-year rise in output

is cfear except during L954, L958, 1967 and 1969, when minor

recessions and. strikes led to reduction of output"

The postwar period has certainly been a period of

unprecedented. growth. I Technological change has no doubt

played an important role in this growth process. Since the

iron and steel industry is essentially resource-oriented, the

availability of suitable raw materials is also a crucial factor

in its growth. Thus, it ís desirable to note the development

in the use of raw materials in steel production before technical

change is discussed"

B" Raw Materials of Steel Production

(a) Iron Ore

Besides technological change in the process of making

iron and steel, the availability of better iron ore through

new discoveries or through improvements in the techniques of

ore extraction and ore preparation may be partly responsible

LW. K" Buck and R. B. Elver have tabelled this period as the
period of growth. See W. K. Buck and R" B. Elver, The
Canadi,an SteeL Industt'g - A Pattez:n of Gz:outh, Mineral
Information Bulletin MR70, 1963, pp" 5-l-0"



L2

for the observed growth in iron and steel output" Since iron

ore is the most important raw material in the process of steel--

making, a bríef description of its development might throw some

light on the development of the iron and steel índustry"

Deposits of iron ore were known to exist in Canada at

a very early d.ate. Iron ore was first discovered in Nova Scotia

as early as 1604. I Wabana Mines of Newfoundland has been

exploited since 1895, and was the main source of supply for the

iron and steel industry of Nova Scotia.2 Saint-Mauríce Mine of

Quebec was discovered in 1667.3 Other early mines such as Helen,

Josephine and Magpie ivlines were located in Northern Ontario.

The d.iscovery of iron ore in the West, such as deposits along

tlre McKenzle River in Alberta and Vancouver Island in British

Columbia came much later.

The quality of iron ore of early discoveries was low

because of high sulphur and phosphorus content. These two

elements were detrimental in producing good-quality pig iron

by using the Bessemer process" Though a few mines with high

grade iron ores were known, the costs of extractíng the ores,

which requires such things as the diversion of river and the

1J" H. Bartlett, TVte Manufacture, Consumption and
of Iron, SteeL and CoaL in the Dominion of Canada
Dawson Brothers, 1BB5), p. 40.

2w. J "a. Donald , ibid. , P. 29 .

3J. H. Bartlett t op. cít. , p. 6"

Production
(Montreal:
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draining of lake, were prohibitive" The extraction of these

ores was not carried. out until a much later period" Canadian

iron and steel works were forced to import iron ores from the

Lake Superior district of the Uníted States, while Canadian

ores of high-phosphorus content \.\rere shipped to Europe where

the ores were suitable for the technology there. l

However, the rapid growth of iron ore industry did

not occur until the 1950s. The prime mover of increased iron

ore search was the anticipated depletion of ores in the Mesabi

ranges in Minnesota, which was then the most important source

of iron ore supporting the gigantic American steel industry.

The depletion of ore in the Mesabi ranges forced American

companies to search for high-grade ore in Canada. By 1950,

several high-grade ore mines had been exploited more intensively

and production was increasing at a rapid rate. The most ímportant

of the new sources of ore were the Steep Rock Mine of Ontario

and the New Quebec-Labrador ore belt of Quebec.

Steep Rock ore \,{as discovered in L937 " Due to

unsuccessful extraction under water, it was later abandoned.

Diversion of the Seine Ríver and the d.raining of Steep Rock

Lake \^iere made possible by American financial backing. In the

fall of 1944, the first Steep Rock ore \'üas mined" In L949,

IThe Thomas converter is still used
since it works well with iron ores
which are abundant in the Lorraine
Thomas converter \^/as not used for a

in Continental Europe,
of high-phosphorus content
deposits. In Canada, the
long time.
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Steep Rock Iron Mines Limited. shipped 1.f3 million tons of high-

grade ore from íts Errington Mine alone, and further expansion

in production followed. l

The latest and the most important development is the

exploration of iron ores in New Quebec and Labrador" The ore

fiel-d is located in the Allard Lake district on Quebec's North

Shore, and stretches some 300 mil-es north of Seven Island" The

ore was mined in large scal-e in 1949 by the newly formed Iron

Ore Company of Canada" The ores are of high grade which contain

little phosphorus and most of the ores are classified into
Bessemer ore which, by definition, contains less than "045 per

cent phosphorus.2 It was known later in l-961 that the ore was

a percentage point or two higher in iron content than average

Mesabi ores.3 Higher production efficiency in steel-making is

obtained by using the ores from New Quebec and Labrador than

using the ores of Mesabi Mines. Besides, the preliminary

estimate of ore deposits was 358 million long tons14 which was

a huge deposit" The New Quebec-Labrador district is thus the

largest ore deposit containing the highest grade of ores known

in Canada.

rV. C. Wansbrough, "Impli-cations of Canad.ian lron Ore
Productiofl", Canadian Jouz,naL of Econom'Lcs and PoliticaL
Science, 1950, p. 334"

2J" A. Retty, "The Discovery of Iron Gafore in New Quebec-
Labrador", Canadian GeograpLticaL Jouv,naL ,.'January 1951, p" 8"

3'¡Big Steel Gets Jump in Canadian ore Racer', Business l{eek,
January 28, 1961r pp" 62-78"

'op, cit., p. B.
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In addition to the newly discovered better grade of

iron ore, technical advances in the benefíciation of ore have

improved the quality of ore, both high-grade and low-grade, and

make tirem more suitable for blast furnace use. Beneficiation

involves not only an increase in the iron content of the ore

and. the rejection of undesirable chemical elements, but also a

change in the size distribution and physical- structure of the

ore. The increase in iron content per ton of ore as a result

of beneficiation is, in its economic implications, equival-ent

to a reduction in transportation cost per ton of ore. A1so,

blast furnace productivity is increased and unit coke consumption

is reduced by using beneficiated ore. Consequently, beneficiation

enables the extraction of low-grade ore which was previously

unprofitable "

The process of beneficiation includes mainly three

steps; namely, crushing-screeningr concentration and agglo-

meration. I Crushing-screening is a process used to reduce the

size of ore lumps and involves no raising of iron content"

Concentration refers to the process of raising iron content. by

getting rid of undesirable elements " After concentration is

carried out, if the ore turns out to be too fine for blast-

furnace use, then agglomeration is necessary to put the fine

ores "into a physical form that can withstand the weight of

0re Industry During
Survey, Ottawa,

lR" B" El-ver, suruey
1959, Department of
p" 56.

of the Canadi,an fron
Mines and Technical
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the charge in the blast furnace". I There are four methods to

accomplish agglomeration; namely, sinteritg, pelletizitg,

nodulizing and briquetting. However, sintering and pelletizing

are more commonly used in North America" In Canada, iron ore

pellets were first produced by l4armoraton Mining Company Ltd..

in 1955" Since then, pellet plants have been established and

expanded in Ontario, Quebec and Labrador" In 1968, the total

pellet plant capacity in Canada v¡as estimated at 24.83 million

long tons. 2

As a result of the increased extraction of high-grade

ore and the increased extraction of low-grad.e ore mad.e profitable

by the use of the pelletizing technique, Canadian iron ore

production has increased substantially" Imports of ore from

the United States, though still substantial, have been declining

in the last few years. It is somewhat puzzl-Lng aL first sight

to note that, despite large domestic production, Canada still

imports ores from the United States" There are' however,

several reasons for this. One reason is that different types

of ore have to be mixed in order to produce high-quality output

and apparently some of the imports are types which are not found

in Canada. Another reason is that there are contractual supply

relaLionshipsbetween Canadian steel firms and American mining

companies j-n the Lake Superior regions.3 Also, the cost of

r tbid" , p" 58.
2P. Lafleur, Canadian lron )v'e IndustoA, 1968, p. 47 

"

3These supply contracts could arise from certain financial
arrangements between mining firms and steel firms.
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transportation might be higher from some distant Canadian iron
mines than from American mines to Canadian steel companies.

Production, ímport, export and domestic consumption of j-ron

ore are shown ín Tables II-2 and TI-3.

Table II-2 shows that the output of iron ore in L96B

\,^zas nearly 40 times that of 1948" Imports of ore, after some

fluctuation, shows sígns of declining. Consumption of ore has

increased consistently and reached between 10 and 11 million
tons in 1968" It is surprising to see, from Table fI-3, that
pelletized and sintered ore consumed accounts for 92"4 per cent

of total iron ore charged to iron blast furnaces in L969" The

trend in the use of pelletized-sintered ore, rather than crude

ore, j-s quíte clear" The percentage point continuously increases

from 2I"3 in 1955 to 92"4 in L969.

Although the price of pelletized ore is somewhat

higher than that of crude ore, the advantage ol¡Lained and the

resultant productivity increase have far outweighed the additional

cost" Thus, despite the declines in crude ore price in April
1962, and August L963, the price of pelletized ore remained

stable throughout the whole period 1955-69. The decrease in

transportation cost per ton of ore and in unit coke consumption

resulting from the use of pelletized iron ore, undoubtedly

decreases input costs at the blast furnace stage. The

consj-derable increase in the use of pelletized-sintered ore,

which is clearly seen from Table II-3, must have contributed

to some extent to the rapid growth of the iron and steel industry.
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Table TI-2

IRON ORE PRODUCTION, TRADE AI\ID CONSUMPTfON, 1948-69

Unit: * *
Indicated* Iviill-ion

Year Production Imports Exports Consumption Long Tons

T9 48
19 49

19 50
19 51
1952
19 53
L9 54

19 55
1956
L957
1958
1959

1960
19 6t_
L962
1963
L9 64

L9 65
19 66
L9 67
1968
1969

1" 19
3.28

3.22
4"18
4.7r
5"81
6"57

14 "54
19"95
19 "87
14.04
2T"87

l-9.24
18"18
)¿. L2
26 "9L?L ))

35"68
36 " 33
37 "78
44 "08
35"71

3.84
2 "25

2.7 4
3.42
3 " 81
3 "72
2 "7L

4.05
¿ q?

4 "05
3"0s
2.50

4 "5L4.L3
4 .60
5.33
5.23

4"76
4.32
2.40
2.75
2.26

0.96
2 "28

I "99
2.BB
3. 43
4. 30
5.47

13.01
18"09
17 "97
L2 "39
18. 55

16.94
18"87
2I"65
23. B5
30 "47

30 " B0
30.69
31"41
36 " 01
27 "9L

4"07
3"15

3.97
4 "72
s"09
5.23
3"81

5"58
6 "39
5"95
4"70
5 "82

6"81
7 "44
7 "38
8"39
B.9B

9 "64
9 "96
8.77

10.82
10"06

*Indicated Consumption = Production + Imports - Exports.
It does not take stock changes into account.

**Longi ton = 2240 pounds, net ton = 200 pounds.

Source: T" H. Janes and R. B" Elver, Suruey of the Canadian
Iz.on )re Industz'y Duz'ing L95B, p" 18;
P. Laf leur, Canadían Iron )r'e fndustv'A, 1968, p. L4¡
and Canada Minev,aL Iearbook, L969, Reprint No.24,
P.2"
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Table II-3

rRoN-oRE CHARGED TO ÏRON BLAST FURNACES, 1955-69

(Unit: net tons)

Year Crude Ore

Pelletized
and

Sintered Ore Total | = (2)/(3)

1955
l-956
L957
1958
19 59

1960
19 61
L962
L963
L964

L9 65
L966
l-967
1968
19 69

(1)

4,738,L76
4,667 ,506
4,646,L79
3,3 B 4 ,35l-
3 ,9L4,111

3r590,484
3 ,o2L ,487
2,730,337
2,486 t976
1, B3g ,9r0

1,818,193
r,696 ,B6g

9 50 ,619
BB5 ,171
805 t262

(2)

L,279 ,259
l_,855 ,052
2,082 1952
2 r07L rL47
3 ,248 r 605

3 t434,298
4,866,899
5 17Bl,0L9
6,870 tB44
B ,025 , 313

B t573 ,066
B,l-B3 t926
B t255 1980

r0 ,571 r 003
g ,72r t002

(3)

6,017 ,435
6,522 t55B
6,729 r131
5,455,498
7 tL62,7l-6

7 ,024 ,7 82
7,BBBr3B6
B,511 ,356
9,357 ,820
9 ,865 t223

1o ,39 L ,259
9,880 t794
9 t206,599

Ll | 456 ,L7 4
l0 ,5 26 1264

(4)

2L.3
28.3
31.0
38.0
45"4

48.9
6r "7
67 "9
73 .4
81.4

82"5
82 "B
89 "7
92.3
92"4

Source: Statistics Canada, Iron and SteeL M¿LLs (varÍous
issues), and Primany Iron and SteeL, L96B and L969"

(b) Other Materials

Besides iron ore, other major items of materials

needed in making iron and steel are coke, limestoner scrap

iron and steel , air, water, and oxygen. Coke is used as fuel

in blast furnace. In the early days, charcoal was used as

fuel, but was later substituted by coal-. However, coal contains

sulphur which makes wrought iron "hot shortr', meaning that it
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cannot be worked when heated. I It was later discoverecl that
the sulphur element in coal could be removed by coicing the coal.

This is probably the origin of the use of coke as fuel in blast
furnaces. In Canada, major coal deposits are located in Nova

Scotia and some deposits in Alberta and British Columbia. The

coal in Nova Scotia, however, contains too much sulphur for
making coke" Thus, most of the required coal is imported from

the United States "

Oxygen is a new and important input in modern steel-
making process " As early as 1856, Bessemer recognized that it
v/as the decarbonization of the molten iron by oxygen, obtained

from currents of aLx, which turned iron into steel. If pure

oxygen could be supplied, then the speed and efficiency of

steel-making would certainly íncrease. But large quantities

of commercial oxygen were not available at that time" It was

not until the end of the Second World War that commercial

oxygen \^ias produced in large quantities by a liquid-air process.

The success of tonnage oxygen production enables the commercial-

use of oxygen j-n steel- plants and contributed substantially to

the rapj-d growth of the steel ind.ustry in the last two decades "

Other inputs like limestone, scrap, and water are

also important" Límestone is used as flux to absorb undesirable

chemical elements such as sulphur and phosphorus. Scrap is

iw"x.v. Gale, The British Iz.on and SteeL
Techni,caL Histoz'y, Augustus M" Kelley.
p. 30"

fndustz,g - A
New Yorl< | Lg 67 ,
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used in a certain ratio with pig iron in making steel" ft can

also be used solely in an electric arc furnace" The l-ast item,

water, ís used for cooling"

C" Technoloqical Change

Major technical innovations in the art of steel-making

have taken place in the past two or three decades " For a

thorough understanding of the significance of these changes,

a brief technical history of the industry is in order"

(a) The History of Stegj-Making

At the present time, the two most important steps in

making steel are the making of pig iron in the blast furnace

and the making of steel in an open-hearth furnace or an oxygen

furnace. l The blast furnace is said to have had its origin in

Belgium sometime before 14OO 4.D"2 but it was not introduced

into Britain until 1500 A.D" It was usually built with brick

with filling holes in the top for charging iron ore, limestone

and charcoal. Iron ore was melted into molten iron and tapped

from the tap hole at the bottom of the structure. Molten iron

was then solidified into pig iron" As fuel, charcoal was

replaced by coal in L62L which was agai-n replaced by coke in

the early l8th century" In 1828, J" B. Neilson discovered

the use of the hot blast for blast furnaces, that is, the

lL" Morgan, The Canadian Prt)mary rz'on and
Royal Commission Report, October 1956, p"

2w.K"v. Gale t op" cít. , p. 20 
"

SteeL fndustrA,
51"
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passing through of hot air lessens the moisture in the air,

which results in an increase of furnace yield 
"

The ínvention of the Bessemer converter in 1856

marked the beginning of the steel age. The converter was so

constructed that hot aír could. blast into it. through a group

of small holes at ít.s bottom" Then molten pig iron was poured

into the converter. After a series of chemical reactions, the

wholly decarbonized iron, that is, steel-, v/as found" The art

of steel-making was further improved by the invention of the

open-hearth process by C. Vü. Siemens around 1857. The principle

was more or less the same as the Bessemer process but the design

of generating hot air was different. Siemens used two regenerator

chambers, one on each side of the vessel holding molten iron.

One of the chambers generated hot air while the other chamber

\,vas saving the waste hot air which had just passed through the

molten iron in the vessel" The process was alternatívely

repeated such that a very high-temperature hot air could be

generated and fuel could be saved by a large percentagie because

of the conservation of waste air. The temperature generated

was much higher than in the Bessemer process, and, therefore,

100 per cent of solid,ified pig iron or scrap metal could be

melted in the open-hearth converter. Vühi1e the open-hearth

process could use molten or sol-idified iron to make steel,

the Bessemer process could only use molten iron" Thus o the

advantage of the open-hearth process \das that ít could work

with either pig iron or with scrap.
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Besides the open-hearth process, siemens also had the

idea that intense heat could be generated by striking an arc

between two electrodes, which could be used to smelt steel"

This served as the basis of the subsequently developed electric

arc furnace. The electric arc furnace does not require fuel

and so no contamination of the steel from the fuel is possible"

This enables it to make high-quality steel by using scrap.

Technical inventions and innovations in the art of

malcing iron and steel seems to have some pattern of geographical

d.istribution. Almost all the basic techniques of iron and steel-

making were developed. in Britain within the 18th and tgth

century. Subsequent technological developments in the 20th

century v¡ere scattered mai-nly in continental Europe and North

America. Major technical improvements in the last two decades

are (i) basic oxygen process in sLeel-making, (ii) continuous

casting in steel processing, (iii) fuel injection into the

blast furnace, (iv) vacuum process in alloy-making, and (v)

automatic control by computer. Of these innovations ' the

first two have produced the most profound effects on steel

production and therefore deserve our special attention in the

following discussion"

(b) Modejn Technologíca1--ITprovemeltj;

(i) Basic oxygen Process

As mentioned above, the idea of making steel by

using pure oxygen originated from Bessemer in 1856 " He

recognized that atmospheric air consisted of only 20 per cent
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oxygen and the rest nitrogen which made steel brittle and not

sufficiently mall-eable" The quality of steel could. be much

improved if pure oxygen v/as used instead of atmospheric air.
However, attempts to produce oxygen in large quantities did

not succeed until- L929" Experiments for using pure oxygen in
steel production had been carried out since 1929 and eventually,

the first successful test of the basic oxygen technique was

conducted at Linz, Austria, in June 1949: In L952, the same

Austrian firm (VOEST) which conducted the test in J-949 began

large-scale commercial production of steel by using the basic

oxygen technique (n - D). The first firm outside Austria to

produce steel by using the new technique was the Dominíon

Foundríes and Steel Ltd., ât Hamilton, Ontario, in L954"

The oxygen vessel which contains molten iron, scrap

and flux is usually pear-shaped. r The top of the vessel is

open where the charging of raw materials and removing of slag

are done" An oxygen lance is vertically drawn into the vessel

from its open top" After the charging is done, pure oxygen is

bl-own into the charge through the oxygen lance which generates

heat and carries out chemical reaction with the impurities of

the charge" The major advantage of the basic oxygen process is

that, unlike open-hearth furnace¡ ho fuel is needed to generate

heat" The saving is enormous. The reaction in the vessel is
so strong that the bottom of the vessel would be damaged if the

18" A. Strathdee and F. J. McMulkin,
of Modern Ferrous MetaLLungg, J" S"
University of Toronto Press I L964) ,

"Stee1 Making" , Aspects
Kirkaldy (ed" ¡ (Toronto:
p.153"
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lance was lowered too close to it. The speed of the process is

so high that aft.er about 30 to 40 minutes, the molten steel is

ready to be tapped. l The advantages of the basic oxygen process

over other processes are the low-capital cost of equipment, the

low-operating cost, its suitability for low-carbon steel and

the high-production rates.2 Some concrete facts can be cited

to substantiate these claims. The January 1955 issue of the

fron and SteeL Engineer reports that production rates for the

basic oxygen converters are "three times higher than for the

conventional open-hearth furnaces", and operating costs are $¡

per ton of steel less than simil-ar costs f,or open-hearth steel"

"Capital costs are estimated at 50 per cent less than a

comparably sized open-hearth shop. " 3 fn 1959, the same journal

reported thaL the capital cost of the oxygen converter \^Ias

estimated at $15 a ton while that of the open-hearth furnace

\^las $40 a ton.4 The trend indicates that the basic oxygen

converter will replace the open-hearth furnace in the fore-

seeable future" Thus, the same journal declared in 1960 that

"the United States has probably seen the last large ne\^r

open-hearth shop to be buíIt".5

]W. K" v. Gale t op. cit. , p " L57 
"

28. A" Strathdee, op" cit", p" J-52.

3W. Adams and J" B" Dir1am, "Big Steel, Invention and
Innovatiofl", Quanterly Journal of Economics , May L966 |
p.178"

4tbid" , p" L79 "

stbid., p. r8o"
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(ii) Continuous casting machines

After molten steel is produced either in the open-hearth

furnace or the basic oxygen converter, the next step in the

traditional treatment is to mould the molten metal into steel

ingot by pouring it into a copper mould" The function of the

ingot moulds is to cool and solidify molten metal by circulating

water inside the hollow wa1ls of the moulds " Then steel ingot

is stripped off the mould and reheated in the soaking pit.

Finally, steel ingots are sent to the primary mill for cutting

and processing into either billets or slabs"

The invention of the continuous casting process in

the L939-45 period enabled the moulding of'steel i-ngots and the

cutting of billets or slabs to be done in a single machine, thus

eliminating the need for using the soaking process and the

primary mill. The essential structure of the machine is that

there is a refractory-lined tundrish at the top through which

molten metal is poured into copper ingot moulds to be solidified"

Each mould is specially buitt to solidify ingot of specified

shape and size" Then solid steel ingot is pulled out by a

dummy bar through the open bottom of each mould and is cut

immediately by an automatic frame-cutting machine into lengths

as required. The apparent advantage of the continuous casting

process is cost-reduction and speed. The disadvantage, hoviever,

is the low tonnage which a machine can handle each time.

Nevertheless, the machine has been improved to handle much
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larger tonnage of ingots in recent years. In 1954, Atlas

Steels of Canada was the first company which adopted the

continuous casting method in North America.

In addition to the above two major changes, a direct

reduction method which bypasses the bl-ast furnace is being

researched.l Other inventions and innovations, such as the

induction furnace used for melting titanium, the vacuum furnace

used to make special alloy steel-s, the fuel injection technigue,

the use of computer for automatic gauge control as well as

spectrographic analysis of steel sample, have been gradually

adopted. in the past 30 years " All these innovations, especially

the oxygen converter and the continuous casting process, have

revolutíonized. the art of steel-making. And it is most surprising

to find that both these innovations were first adopted by Canadian

firms in North America" It was DOFASCO which took the lead in

installing the oxygen converter and Atlas which took the lead

in using the continuous casting process. The merits demonstrated

by the new techniques have persuaded other Canadian as well as

American firms to follow suit.

lsee J. G. Sibakin and M. J" Fraser, "Direct Reduction", in
Aspects of Modez'n Ferv'ous MetaLLurgy, p. 13.
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The Effect of Technological Innovations

The main effects of technol-ogical change are material

input saving and processing time saving" Since steel producLion

is essentially an integration of several production stages, the

following discussion of the effects will therefore be conducted

on a stage basis"

The manufacturing activity of steel can be roughly

divided into four stages; namely, coke oven stage, blast furnace

stage, steel furnace stage and rolling mill stage. Let us first

look at the coke oven stage" From 1960 to 1968, the coal

requirement of making a net ton of coke had fallen from 1.3509

ton to L.L775 ton, approximately 13 per cent. I The requirements

of other items, such as absorbing-wash oil, caustic soda and

sulphuric acid, had gone down much more.2 Note that these changes

took place between 1960 and 1968" If the same trend persi-sted

before 1960, then the savings of raw materials between L946 to

1968 were quite substantial"

Originally, metal-lurgical coke was produced by the

beehive process. It was later replaced by the by-product

process. The difference between the two processes is that the

latter also produces coal chemicals and gas as by-products,

and 40 per cent of the gas produced is returned to the ovens

lSee Apþendi>r Table A-1.
2wash oil is used in the recovery of light
acid is used to wash light oil fractions
by chemical reaction.

oil and sulphuric
and remove impurities
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f or hea-uing p,:rposes. Ì The bV-prodLic'u oven has been usecl long

befo::e l-960" Thus, the sa-¡ings in raw m.ateri als cio not come

fr:or¡ ïepl¿gjrg of the beehir¡e ovens by Lne by-product or/êIls¡

but from the inprovement of the by-product ovens"

col<e is mainly used as fuel- in the second production

stage the making of pig iron in blast furnace- The most

impor'cant.rarv materials in this stage are iron ore and steel

scrap. In acldition, lirnestone, dolomite mil1 cinder and scale

are also essential. The changes in the rav¡ material-s requirements

of producing a net ton of pig iron betr,veen l-946 and l-968 are

sirov.n as follotvs :2

l"li 1l- cinder, s câ.-r ê / etc .

Iron and steel scrap

Col<e

Limes tone

Dolomite

Iron Ore

Dolo¡nlte t_ " 5t-

-66 "22

+51 "22

-51 " ]U

-82 "22

+ 1l_8. 1%

-38 - 4e¿

1u. S. Steel- , TTte Ì,Iaicing" Sh-aping and Treating of SteeL,
Bth editjon, p. 99.

2see Appenclix Tabl-e A-2 " The changes in the use of f lux in
blast furnaces rrere no't due to the changies in their relat.ive
prices, For ínstance, the prices of limestone and, dolonúte

1950 l-961 1958 ($ pe:: ton)
Limestone I"73 r"70

1 7¡_
)_. 62
2"07

iJut the use of limestone per ton of pig iron eeclined.
See Statistics Canada, fron and SteeL XIíLLs , 1950 , 1961 and
1968 issues" See also Ã-p,oendix ti.-6 for a Ciscussion on the
sources of proclucti-¿ity g::owth.
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Special attention should be paid to iron ore and

miJ.l- cinder, sca1e. The latter originally included iron ore ín

processed form such as sinters, but since 1956, all processed

ores are excluded and added to the column "iron ore". Thus,

the actual percentage decline of pure iron ore, i.e., excluding

processed ore, between 1-946 and 1968, is more than 38"4 per cent

and that of mill cinder, scale is J-ess than 66.2 per cent.

Most iron and steel scrap used in blast furnace comes

from the scrap generated in pig iron casting and fev¿ from

external sources. I The proportions of scrap used in producing

a net ton of pig iron fluctuate throughout the period. This

indicates that the proportions of scrap to pig iron is f1exible,

and the increase in the proportion is simply because more scraps

are available" ltlote that iron ore, cinder, scale and scrap are

a1l- iron-bearing materíals and they are substitutable to a

certain extent.

The falling of coke requirements has been quite steady.

The coke requirement in 1968 was only half of that in 7946.

Limestone and dolomite are used as fl-uxes. They are substitutabl-e

for each other. Limestone is preferred to dolomite, if large

amounts of sulphur are to be removed from iron-bearing materials.

i^iith tire increase in the use of sinter, limestone and dolomite

are usually crushed and mixed with sinter. These fluxing fines

combine and absorb impurities of iron-bearing materials before

charging and so lessen the quantities of raw stone required in

the blast furnace.
, p" 387 "
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The proportions of limestone used have faIlen, but

those of dolomite have increased" It is clear that some

substitution between them has taken place, If the six items

are regrouped into three categories, namely, iron-bearing

materials, coke, and. fluxes, the material requirements in
producing a net ton of pig iron between L946 and 1968 can be

shown as:

Iron-Bearing Coke
Materials (Unit: net tons) Fluxes

L9 46

196B

r "9277

I " 1701

"939r

.4595

.4579

.1115

U"S. standard
reported in L964 L.7 " 50 tu "65 "25

Source: Append.ix Table A-2; and U"S" Steel , op. cit. ,
p. 387.

The decl-ine in material requirements which is equivalent

to productivity growth of the materials concerned j-s substantial"

The sources of productivity growth in blast furnace stage are

essentially five; namely, blast-humidity control, fuel injection,

oxygen enrichment, high-pressure operation, and beneficiated

burden materials. i All these improvements are responsible for
the productivity growth in blast furnace stage, although their

relative weights of contribution are not known.

lu.S. Steel- t op. cit., pp" 432-34.
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The next stage of steel production is the making of
steel ingot and casting in steel furnace" Major materials are,

of course, pig iron and steel scrap" The use of pig iron in
producing a net ton of steer increased by 39 " 5 per cent between

1946 and L968, while those of steel- scrap and iron ore declined

by 33"1 per cent and 47.4 per cent, respectively.l The use of
fluxes, namely, limestone, dotomite and fluorspar, also decJ-ined.

The first two, namely, limestone and dolomite, are substitutable
for each other, while fluorspar is used as a neutral flux to
make slags more fusible.

The development of the basic oxygen furnace permits

a more flexible use of steel scrap. The open-hearth furnace

generally uses 50 to 60 per cent scrap, while the basic oxygen

furnace uses L2 to 30 per cent scrap and more molten iron.2
The replacement of basic oxygen process for open-hearth process

beginning .in the mid-1950s is responsible for the decline in
scrap use and the rise in pig iron use. The replacement also

produces a depressing effect on scrap price which might encourage

the expansion of alloy-steel-making and hence the use of scrap.

However, the depressing effect is offset by the short supply of

home scrap as a result of using continuous casting process.

Thus, the decline in th-e use of scrap is simply the effect of
substituting pig iron for scrap but not saving in material use 

"

rrbid., pp. 432-34.

2see G. E. Wittur, op. cit., pp" B7-BB' and U.S. Steel,
op" cit., p. 455.
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other material inputs such as iron ore' limestone, dolomite

fluorspar, savings do exist"

Therefore, it is safe to conclude that although there

are some savings of minor material inputs, flo saving of major

material inputs such as pig iron and scrap exists in the steel

furnace stage. However, this does not mean that technological

innovations produce no positive effect on productivity in this

stage. On the contrary, ample savings Óf labour and capital

input per unit of outpuL have been made possible as a result of

cutting blowing time by introducing basic oxygen process.

The final stage of steel production is the rolling

milI which manufactures semifinished products such as bars,

structural shapes and plates from billets, blooms and slabs"

The material inputs here are billets, blooms, slabs and even

steel ingoLs, and the outputs are bars, rails, shapes, plates

and so on" Although the quantities of individual material

inputs and of products are reported in Statistics Canada publication

(Catalogue no. 4L-203) , no detailed breakdown is made" For

j-nstance, the quantities of blooms used and its subsequent

products, namely, structural shapes and rails, are both reported

but the exact amounts of blooms used to make either shapes or

rails are not listed. Thus, there is no way to calculate the

proportion of bloom used in producing a net ton of shapes or

rails. I

lalthough the requirement of blooms used for per net ton
of "shapes and rails" can be calculated, it is not very
meaningful because the shift in the composition of shapes
and rails can afso change the bloom requirement.
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The possible sources of productivity growth in thís
stage are the shortening of processing time required and the

decrease in waste motion as wel-l as material requirements during

processing" The shortening of processing time and the decrease

in waste motion reduce the length of time during which "goods

in process" stick in the process of production" In other words,

it cuts down the requirement of working capital. These two

sources are combined in most cases" For instance, the continuous

casting machine has substituted the whole serÍes of ingot

preparation work, including soaking pit, forging press and

roughing mill" This enables a great saving in time. In

addition, continuous casting avoids the necessary waste of

cutting off the hollow top of ingots prepared. by the traditional

method. Another example is the contj-nuous bill-et mill. Its
feature is that there are more than one stand. in the same

process so a bitlet can go through several stands of different

rolls at a time. This avoids the changing of stands and its

consequent waste in time and motion" In general, it can be

said that the combination of or the reorganization of several

processes into a continuous process is the main source of

productivity growth through the savings of time, motion and

material inputs. The reorganization of production process is

part of technological change" Thus, it can be concluded that

technological change has been taking place in the rolling mil-l

stage "
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E" Concl-usion

The previous discussion indicates that the growth of

the Canadian iron and steel industry has been associated with

technological change. By the end of 1970, there \^rere more than

40 iron and steel firms across Canada" Out of this number,

only 5 are integrated iron and steel- producers " I Four of these

integrated firms, namely, Sydney Steel Corporation at Sydney,

Nova Scotia, Dominion Foundries and Steel Limited at Hamilton,

Ontario, The Stee1 Company of Canada Limited at Hamilton,

Ontario, and the Algoma Steel Corporation Limited at Sault

Ste Marie, Ontario, are the leading steel-producing firms in

Canada" All these four major firms were established before

the First World War while the Sydney Stee1 Corporation is the

former DOSCO, which was taken over by the }Iova Scotia government

in L968" Other non-integrated firms are either iron and raw

steel producers or rolling mill-s"

A distinctive feature of the Canadian steel ind.ustry

is its high Canadian ownership" fn 1963, about B0 per cent of

capital employed by the industry was owned by Canadians, and

86 per cent of capital employed was controlled in Canada.2

IAn integrated producer is a firm which has a coke oven to
make coke from coal, a blast furnace to smelt iron ore, a
steel furnace to mal<e steel ingot and a primary mill or a
continuous casting machine to cut and process ingots and
castingis into billets, blooms and s1abs.

2In terms of value added, the pulp and paper industry was the
first and automobile industry was the second. The largest
employer of labour was the pulp and paper industry. See
V" B" Schneider, op" cít., p" 1"
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This indicates that the steel- industry is probably the industry

with the highest Canadian ownership and control in Canada"

As steel- is an important industrial material, the

importance of:the steel industry in an advanced economy is
conceivable" In terms of value added, the Canadian steel

industry was ranked as the third largest industry in L967.

At the same time, it was the second largest employer of labour"

On the product demand side, the construction industry has

traditionally been the most important buyer of steel products"

The automobile and aircraft industries have rapidly emerged

as important buyers of steel proclucts"2 With the growth of

the economy, steel production increased substantially. In

1968, the toLal- raw steel production had reached 11 million
net tons. Taking 1946 as the base year, steel production in

1968 had increased by 483"5 per cent while real- GNP had

increased only by 283.2 per cent.3

Since the rapid development of the steel industry

has been associated with technological change, it will be

useful- for policy purpose to identify the determinants of

this change. After this is done, the nature of production

relationship und.er technological change will be stud.ied" As

a step towards this direction, a review of theoretical

discussions and measurement methods is in order"
rsubmíssion to the Standing Senate Committee on Banking,
Trade and Commerce, Appendix C, Table 24"

2schneider, op. cit., p. 1"
3subm¿ssion ...", op. eit. , Tables 4 and 5.
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CLapter III

ECONOMTCS OF TECHNOLOGICAL DIFFUSION AND CHAIJGE:
THEORIES, MEASUREMENTS AND EMPIRICAL STUDIES

We have seen in the previous chapter that technological

change has taken place in the Canadian iron and steel industry

since L946. The changie has resulted in a substantial increase

in productivityrmaking Canada a competitive producer óf steel

in the world. To be sure, Canada is not the most efficient

steel prod.ucer in price terms. Nonetheless, the fact that the

Canadian steel industry has gro\^in from a small, import-

dependent industry to an efficient producer supplying most of

the expanding domestic needs, is not insignificant. Moreover'

the rapid catching-up of the American productivity by Canadians

is striking. For a proper evaluation of the nature and process

of technological change, a.. brief survey of the tl'leories is needed "

A" Th-eories of Dijfusion of lrTew Technolwies

(a) Salter's Th.eory of Technological -Dif fusion

After a new production process or equipment has been

proved to be technically successful, it usually takes Some time

for it to substitute the old process or equipment, even though

the former is clearly more efficient than the latter. A firm

using an existing technique of production will have to rely on

some sort of principle which governs the abandonment of the

existing technology, and the adoption of the new when the new

technology comes into being. In Salter's view, the principle
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is simply that "capital equipment in existence earns rents in

a m.anner analogous to lancL" ancl as long as a posì tive rent is

earned., it v¡ill remain in operation although its operating cost

is higher and productivity is forver than new equipment. For the

existing equipment, its investr¡.ent v¡as made in the past and once

it is made, "bygones are bygones".l It is equivalent to the

case where no capital cost exists- Thus, th.e only two things

which concern the producer are the price of product and the

operating cost of the equipment. If a surplus exists, then the

equipment will be kept in operation no matter if it. is big or

small.2 Thus, machines with different ages, implying d.ifferenL

technological embodiments, earn differenL rents in co-existence.

By assuning competition and. indivisible3 complex of

plants, Salter describes the diffusion process of nelr technigues

as foll-ows. Every piece of capital equipment is emboclíed with

the latest technology when it is made" Thus, a plant built in

lw.g"G" Salter, op. cit., p. 62" This is true only
exists no used equipment market.

2Qualification is needed for this staiement. Assume
new machine can produce 1000 units of products in a
the old produces 500 units and. the price of product
fotlowing examples show that it might be better off
the new machine and discard the old.

if there

tha.t a
year while
is $f. The
to install

machine cost
operating cost
interest cost
Total cost
Profit
Total revenue

New Machine
-S5o'õ--

$125
$so
F675
$32s

$rõõ¡-

OId. Machine

çzzs

17ß
ç27 s

ss¡T
Holvever, the assumed, differences in the operating costs and- pro-
ductivities of the two machines do not. seem to be realistic.

3"Indivisibte" is in the sense that production equipment in a
plan'L is rnade rvith the same -uechnology. That is, no machine
enù:odieC with more advanced technology can rvork 'together
with the ol-d. machines.
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perio¿ z - t is embocli ecl r.¿itir ttre best praciíce technique oÍ

n t. I{ith the continuous f lor,v of technologi caL proEress / the

best practice technique of '/L - z is soon outnodecl anC clegraded

into ihe average practice technique of subseguent periocì.s and

eventually into the marginal practice technique" The technological

s-tructure of an industry at any point of time is comprised of

various types of tecLr.niques, efficient as rvell as inefficient,

since the best averagie and. marginal practice techniques are al-l

being used

The plant r.zhich is using the marginal pract'i ce technique

rvil-l be kept in production as long as i-L is s-uill proclucing some

surplus over operati-ng cos ts - It rvill be abanConed. only rvhen

the plant is no longer capable of proclucing anlz surplus over
1

operaiing costs. It occurs in this vray: the plant v¡ith the

bestpracticetechniqueapparentllzreapssuper_norma]profits

and. so it rvill continue to expand its outpr-rt until the super-

norm-al profits are eliminated.. l,Ieanr.vhile¡ further technical

progress takes place and the subsequent expansion in prod.uction

forces prices to fall. The fall in price eliminates the littfe

surplus which the marginal plant enjoys and forces it to be

abandoned..

The important assumption that competi-uion e:<ists

provides external compulsion to force cornpetitors to ado,oL a

rational replacement policy, For a monopol-¡, this externa-l

compulsion does not exist In inperfect competition, a firrir

See the qualification noted in the prer'-Lous page
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\,vith obsolete equipment can more easily preserve some surplus

than under competition, by using product differentiation and

advertising" Thus, the rate of abandoning obsolete equipment

and carrying out replacement investment will be slower in the

case of imperfect competition than in the case of perfect

competition 
"

(b) Mansf iel-d I s Study of Intraf irm, Interf irm
and l

* een adopted. by the first
firm, some other firms wil-l follow suit sooner or later. The

rate of imitation, in Mansfield's view, is a function of the

profitability of the innovation in question and the size of
investment required to carry out the innovation. l According

to his theory, the rate of imitation of a certain innovation

should be higher if the profitability is greater and the amount

required to invest is smaller than another innovation.

As far as interfirm diffusion is concerned, Mansfiel-d

argues that both the size of firms and the profitability of the

innovation in question are related to the delay in introducing

the ínnovations by individual firms.2 His contention is that
the greater the profitabilit.y and the larger the firm, the

shorter will be the period of waiting" In other words, the

speed of'response of individual firms to innovation will be

greater if the size of firm is larger and the profitability is
greater.
rE. Mansfield, op. cLt., p. 140.
2rbid", p. r57 

"
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The intrafirm diffusion study asks the question: how

fast will a firm substitute the new process or equipment for

the outdated process or equipment within itsel-f after it has

adopted an innovation for the first time" Why is the diffusion

of an innovation faster in some firms than in others? Mansfield

uses the diffusion of the diesel l-ocomotive as an example and

explains the interfirm variations in the intrafirm diffusion

rate among railroad companies, by the rate of return of using

a diesel locomotive, lag between the time the.fiist,firm began

using diesel locomotive and the time other firms began using it,

and the firm's liquidity at the time when it began to dieselize"

B. Theories of Technological- Cha.nge

(a) Neutral and Non-Neutral Technical Progress.

Technol-ogical change refers to the advance of

technology, including improvements in techniques of production,

organization and management. It results in a shifting of the

production function. According to Brown, the characteristics

of a production function, namely, the efficiency of the

technology, the degree of technologically determined economies

of scale, the degree of capital intensity of the technology,

and the ease with which capital is substituteo for l-abour, are

lumped together to form an "abstract technology". Any change

of these four characteristics constitutes a technological

change. l

lSee I,I. Brown , On the Theory
CLtange (Cambridge, Mass. :
pp" IZ-ZL.

and Measurement of TeehnologicaL
Cambridge Universi-ty Press I 1966) ,
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Technological change can be neutral or biased"

Hicksian neutrality refers to the case where, after the change

in technology, the ratio of the marginal product of labour to

the marginal product of capital, âs well as capital-labour ratio,

remain unchanged.l In other words, technological progress changes

both marginal products of capital and labour through changes in

the quantities of labour and capital employed but the changes in

marginal products of the two factors are proportional such that

the ratio of the marginal products is the same as before. If

the change in the marginal product of labour i:s proportionally

greater than that in the marginal product of capital, ât given

capital-l-abour ratio, then technol-ogical change is not neutral

but fabour-using or capital-saving. In the opposite case, if

the change i-n marginal product of capital is greater than that

in the marginal product of l-abour, then it. is capital-using or

labour-saving.

Harrod's neutral technical progress is said to have

occurred "if the level "t f which causes p to remain constant

after a technical improvement is such as to cause the capital-

output ratio to remain constant" where p stands for the interest

rate.2 The quote can be interpreted in this \day. If the

interest rate is or has to be constant, then a technical

]J. R. Hicks, The Theoz,y of Wages (London: MacMil-l-an & Co.
Ltd. , 1963), p" I22"

2P. H. Hahn and R.C.O. Matthews, "The Theory of Economic Growth:
A Survey", Surueg of Economic Theony (Britain: Royal Economic
Society and American Economtc Association, L965) , p" 49.
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progress \,vi11 increase the use of capital and hence capital per

unit-labour, since, otherwise, the marginal product of capital
will rise and hence the interest rate cannot remain constant.

Suppose the use of capital is increased by a proportion g with

no change in the labour employed, then the capital per unì-t-labour,
K
i, is also increased by g. The result is that the output ís also

increased by the proporLíon g so that the capital-output ratio
after technical progress is unchanged. This is neutral technical-

progress in Harrod's sense. If the capital-output ratio is
changed, then it is either capital-using or capital-saving.

Hence, the effect of technical progress which calls forth the

increased use of capital by g and the resultant increase in
output by g is equivalent to an increase of labour by g with

the old technique of production. Thus, Harrodrs neutral technical

progress is equivalent to "an al1-round increase in the efficiency

of labour". I

Solow's capital-augmentinq neutral technical progress

is exactly the opposite of the Harrod neutral case. If the wage

rate remains unchanged after technical progress, then the use of

labour would be increased by a proportion llr. i.{ith constant

capital, this means that # r= increaseð, by m. ïf the resultant

output is also increased by m so that the labour-output ratio

is unchanged, then it. is Sol-owrs neutral technical progress.

1J. Robinsonr.'rThe
Economie Studies,

Classification of
1938, p. I40.

InventioflS", Reuieu of
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It is labour-using, Lf the resultant fabour-output ratio is
increased, and labour-saving if it is decreased. In the neutral

case, the effect of the technical progress is equivalent to an

increase of capital employed" Ilence, it is call-ed "capital-
augmentiog", in contrast with Harrodts "labour-augmentifl9". In
sum, neutrality means unchanged factor shares after technical

change. But which two points on the new and old production

function should be taken to compare the factor shares? According

to Hicks, they should be the points with the same capital-labour
ratio. For Harrodian neutrality, they should be the points with

the same capital-output ratio. On the other hand, in the case

of Solow neutral, the points should be those with the same

labour-output ratio"

By using Hicks' definition of neutral technical progress,

Brown has differentiated neutral and non-neutral technol-ogical

change by observing the change or changes in the four charac-

teristics. A technological change might increase the efficiency

of the ol-d technology by using the same amount of inputs and

producing a greater amount of output than before. It might also

change the returns to scale" For instance, a new technology

might provide constant or increasing returns to scale compared

with decreasing returns provided by the o1d technology. Note

that this is different from changes in economies of scale derived

from the expansion of scale of production since in the latter

case, there is no technological change invol-ved" Changes in any

of th-ese characteristics, namely,; èffieiency,,,and technologically
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determined returns to scale, caused by technological progress,

are labelled as neutral technical change since their changes d.o

not involve any change in the ratio of labour and capital employed.

The capitat intensity of a technology, which is the third

characteristic, is represented by capital-labour ratio. {- AL"

fírm could have a higher f "t one time than another, as a result

of a cheapening of capital or using a nevr technology which requires

more capital rel-ative to labour than before. The change in capital

intensity here refers only to the latter. Thus, "Degrees of

capital intensity are refl-ected in the size of the labour-capital

ratios for given relative factor prices."1 The last characteristic

is the ease of substitution of labour for capital, that is, the

elasticity of substitution" It expresses the degree of change

in capital-labour ratio which is caused by a change in the ratio

between the marginal products of labour and that of capital.

According to the Hicksian definition, the changes in the capital

intensity and the elasticity of substitution are non-neutral

technical changes, since in both cases Lhe ratio between the

marginal product of capital and that of labour must change for

r girren f. If technical progress raises the marginal product

of labour for a given f sucf, that the marginal rate of substitution
MPr

of labour for capital , #, is lowered, then it is a labour-using
rrL L

(capital-saving) technological clr-ange" Similarly, it is a

capital-using (labour-saving) technological change if the

marginal prod.uct of capital for a given # ana hence ¡¡" !!!
L MPf,

IM. Brown , op, cit, , p. L7
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ríses as a result of technical progress" By the same token, a

rise in the capital intensity of a technology raises the margínal

product of capital relative to that of labour, and so it is a

capital-using technological change. I A rise in the elasticity

of substitution between labour and capital woul-d be a capital-

using technical change if capital grows faster than labour, and

a l-abour-using change in the opposite case. The explanation

lies in the fact that if capital grows faster than labour, then

capital would be relatively cheap. A technologicat change which

eases the substitutíon between capital and labour must thus be

capital-using as more and more capital is used to substitute

for labour"

Thus r wê have seen that a technological change can be

decomposed into changes in the four characteristics and the

total effect of a technological change is the sum of the effects

of these four changes" Though there could be some negative

effect -- e"9", a rise in capital intensity might reduce the

rate of output if capital gro\^/s slower than labour, since capital

becomes expensive relative to labour while the new technology

requires more capital in the production process than before

the final effect of a technological change in the long run must

j-ncrease the rate of output.

ltt is important to note tÏlat as capital supply
marginal product and hence the price of capital
However, the marginal product of capital "for a
rises.

increases, the
f a11s. ,,qiven å"

'JJ
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(b) Induced Innovation

After we have some basic concepts of technological

changer wê might ask where do these changes come from" In his

celebrated TLte TVteory of Wages, Hicks divides inventions into
two groups: autonomous and induced" Induced inventions are

"those inventions which are the result of a change in the

relative prices of the factors" and the rest are called
autonomous inventions"l The direction of invention, whether

it is capital-saving or labour-saving, depends on which factor
is more expensive than the other. Hicks observes that
labour has become scarce relative to the rapid growth of capital
and this has stimulated labour-saving invention. Fellner suggests

that it is the "antj-cipated" rise in real \^/age rates rel-ative

to interest rates rather than the present wage-interest

relationship which makes the firm seek labour-savi-ng devices

in preference to neutral technical innovation, since labour-

saving technology will be superior to a new technique which has

the same factor proportion in the future.2 Salter however

argues that what entrepreneurs are interested, in is not the

reduction of capital cost or labour cost but the total- unit

cost of products. Thus, there is no reason to say that

lsee J" R" Hicks, The Theorg of Wagest op. cit., p" L25"
He.¿lse states that "A change in the relative prices of the
factors of production is itself a spur to invention, and to
invention of a particular kind -- directed to economising
the use of a factor which has become relatively expensive",
p. t24"

2¡,tr. Fellner, I'T\n/o Propositions in the Theory of fnduced
Innovations" , Economíc JournaL, June 1961"



4B

inventions are induced by the rising cost of labour and that,

therefore, they are labour-saving"

"The entrepreneur is interested in reducíng costs in
total, not particular costs such as labour costs or
capital costs. Wtren labour costs rise any advance
that reduces total cost is welcome, and whether this
is achieved by saving labour or capital is irrelevant. " l

But Kennedy, while he does not endorse Hicks' theory,

argues that Salter "\nlas misled by his own algebraic treatmen¡tt.2

According to Kennedy, what is important in this connection ís

the proportionate reduction in unit costs, r, which is a function

of the proporti-onate reduction in labour requirement, P, and the

proportionate reduction in capital requirement, q. That is:

r - Xp +.Yq (Equatíon 3.1)

where À and y are the distributive shares of labour and capital"

There is a tradeoff between p and q, for example, if a given

innovation is more labour-saving, then it is at the same time

less capital-saving. Written ín the functional form, it is:

p = f (q) (Equation 3 .2)

which is called the innovation possibility function" The

entrepreneur, according to Kennedy, is interested in maximízíng

the proportionate reduction in unit costt T, in Equation 3.f,

subject to the constraint in Equation 3 " 2. It is clear from

lw. g. G. Salter t op . c'ùt. , p . 43 .

2charles Kennedy, "Induced Bias in
of Distribution", Economic JournaL

Innovation and the Theory
, September L964, p. 543"
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Equation 3 " I that in order to maximLze z, , a híglt p should be

adopted if À is greater than y, and a high q if y is greater

than À" Sínce À and y are the shares of labour and capital

costs, respectively, and a lnrgt: p means labour-savi-ng (similarly,

a high q means capital-saving) , this leads to Kennedy's conclusion

that "the greater the share of labour costs in total costs, the

more labour-saving will be the innovation chosen, or searched

for, by the entrepreneur". l Tn other words, the direction of

innovation is not dictated by the rising price of one of the

factors but by the magnitude of the distributive shares.

(c) Endogenous Theories__of fnnovation

Exogenous theories of innovation assume thaL inventions

are exogenously given while endogenous theories operate under

the assumption that they are endogenously determined within the

economic system. Kaldor regards labour-productivity as a function

of gross investmenL 12 and Arrow argues that it is a function of

"accumulated" gross investment.3 t4ore recently, a theory which

emphasizes education and research and development activities as

the determinants of technological change has been developed and

tested against empirical evidence" The exogenous theory, which

in Schmookl-er's v¡ords "was exogenous in the sense that it was

rtbid., p. 544"

2tq. Kaldor, and J.
Reuieu of Economic

3K. J. Arïowr "The
Reuieu of Economic

Mirrlees,
Studies,

Economic
Studies,

"A Nev,i Model_ of Economic Gror,n/thrr,
L962, pp: L74-92.

Implications of Learning by Doíng",
June 1962r pp. 155-73.
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not controll-ed by economic variables" is challenged by the

theory that "invention is largely an economic activity which,

líke other economic activities, is pursued f.or gain".l

"But the belief that ínvention, or Lhe production
of technology generally, is in most instances essentÍally
a non-economic activity is false. Invention was once,
when strictly a part-time, ad hoc undertakirg, simply
a nonvoutine economic activity, though an economic
activity nonetheless. Increasingly, it has become a
full-time, continuing activity of business enterprise,
with a routine of its own. But the production of
inventions and much other technological i<nowledge,
whether routinized or not, when considered from the
standpoint of both the objectives and the motives
which impel men to produce them, is in most instances
as much an economic activity as is the prod.uction of
bread. " 2

In their book TechnoLogA r Economie Gv,outh and Public

Poli.cy, Nelson, Peck and Kalachek also have this to say:

, '!The output of technological advances is sensitive
to the same economic factors thaL influence the output
of more pedestrian products and services. It is true
that many of the advances that have been achieved
stemmed, ât least in part, from the work of a si-ngle
man or a smal-l group of men with zeaL for an idea and.
only limited concern for profit, social value, ot cost.
Even for these, the need for outside financing brings
the effort increasingty within the orbit of economic
calculation as work proceeds and costs rise."3

The authors of the above book believe that factors

from the d.emand side such as the profit prospect of an innovation

and the rel-ative scarcity of inputs and from the supply side

1J. Schmookler, Inuention and Economic
Mass": Harvard University Press , L966

2tbid", p" 2oB"

Grouth (Cambrid.ge,
) , pp" 206-207 "

3R" R. Nelson, M" J. Peck, and E" D" Kalachek, TecltnoLogA"
Eeonomic GroutV¿ and PubLic Policy (Washington, D"C": The
Brookings Institution, 1967) , p. 28.
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factors such a-s the capacity of the indusLrY, the advance of

science and education and the development of a scientific base

are all determinants of technological change" This seems

to be too broad. Nordhaus has explicitly narrowed the factors

down to industrial research and development:

"At any point of time Lhe firm acts within the
boundaries of its own technological and scientific
knowledge" The boundaries may -- and in fact actually
do differ among competing firms. Boundaries change
over time because the firm devotes a certain amount of
resources to expand its knowledge."I

Mansfield, in his recent works, has emphasized the

role of research and development effort in production.2 Besides

education is another important factor whích contributes to the

rise of productivity. Griliches has found that this conclusion

holds for both agricultural and manufacturing production.3

Other factors such as investment and market structure are also

considered as related to technological change.

In fact, the two theories of innovation, exogenous as

well as endogenous, are complementary rather than competitive"

The exogenous theory takes innovation as given but concentrates

in discussing the direction of innovation, while the endogenous

1¡a1. D. Nord.haus t op. cit. , p. B.

2E. Mansfield, The Economies of TechnoLogícal Change, and
Industy,i.aL Resea.rch and TechnoLogLcaL Innouation (New York:
Iri: W. Norton & Co. Inc., 1968) "

32. Griliches, "Research Expenditures, Education, and the
Aggregate Agricultural Production Function" , American Economic
Reuieu, Decernber 1964.
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theory Ec=s fu-rther to in.¡estiqate the deter:rn'inants of innovation.
rïr'ha q¡=r¡i j-r¡ and rj_Sing p::i Ce Of an inpUt aS a StimUlUS tO- -- -_¿

innovati on and an e:<planation of it.s clirecti on have been

incorporaL.ecl into the endogenous theory" 1

(d) Tþe gase g! t.h-e Canacli:rn S teel Industry

As to the nature of technological innovations in the

sieef inclustry, are they exogenous or endogenous? As far as

the Canad.ian steel inclustry is concerned, 'the innovation can be

regarded as exogenously given since both basi c oxygen furnace

and con-tinuous cas-uing maclrine were developecl in other countries "

But the introduction of these innovations in-uo the Canadian scene

involves economic consideration, Thus, the problem vrhich we face

is not to explain the determinants of BOF innovation in Austria

but the decisive elements in adopting the innovation in the

lsee }Jelson" Peck and Kalachekr, "An increase in the price of
a factor increases the profitability of technological ad.vances
v¡hich- reduce the reguirements for that factor re]ative to
otilers,", op" cii;., p" 31"
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canad.ian industry" rn other wordsr wê are concerned with the

factors which determine the diffusion of new technologies in
Canada" After a detailed enquiry ínto the determinants of diffusion
in the next chapter, the magnitude of technological change

in the steel industry will be appropriatety quantified. Towards

this end, a review of methods of measuring technological change

is undertaken next"

C" l¡ieasurement of Productivity Growth

(a) Productivity_Index.es

(1) Partial-factor productivity index

trroductivity index refers to an index showing changies

in output-input ratio through time rel-ative to a certain base

period. The most frequently used productivity index is the partial

f,actor productivity index, especialry the labour-productivity
index. The inadequacies of this index as a measure of techno-

logical change is intuítively clear: it does not take the changes

in other inputs such as capital into account a change in
labour-productivity could be due to a change in capital input"

Thus, it cannot adequately represent technological improvement.

(2) Total factor productivity index

To obtain a more meaningful measure of efficiency
increase, the changes of all inputs have to be taken into
account" Kendrick has developed a total productivity index

which is the quotient of output and the sum of weighted. inputs"
It can be written as:



Total productivity

where X is the output

and -D and K are inputs

a and. b.r

Ã^rau
-=,å-Ån

"7
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index = *:JA.lJ +-m

weighted by product prices at factor cost

weighted by their respective factor prices

(3) Abramovitz residual

If we can l-abel the growth of the contribution of al-l

factors other than those of capital and labour as technological

change, then under the assumption that constant returns to scale

prevail, the following formul-a can be used:

4 - a.,+ - b, 4 = residualXLK

where at and b t are the respective shares of labour and capital

in the base period. AbramovLtz used the above formula to indicate

the productivity increase in the United States since l-B7O.2

(4) Solow's measure of technological change

Starting with a production function which assumes

constant returns and neutral technical change, Ç = A(t)f(K,L) |

Solow has obtained the following measure of technological change:

ka"KIlkT , \¡/nere q = î ' K = L

l ttBy this method the values of output and of input are equal
in the base period; the unit values of the outputs are
proportional to the values of the factor services required for
their production; and the uniL values of the inputs are
proportional to the shares of the value of outputs which they
obtain for their services." See J. W" Kendricl<, Pv'oductiuitg
Trends in the Uníted Statès (Princeton: Princeton University
Press, 1961), p" 9"

2M. AbramoviLz, "Resources and output Trends in the United States
since 1870", Amerícan Economic Reuieu, Papers & Pv'oceedings,
vol" 46, 1956.
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In the above formul-a, f; t"ntesents the rate of technical

change, and W7, is the share of capital in total- output. The

first term on the right hand side stands for the rate of increase

of output-labour ratio, and the second term, the weighted rate

of increase of capital-labour ratio between two consecutive

periods" The basic idea is that two points on the production

surface might not lie on the same production function curve. A

movement along the curve and a shifting of the curve are combined.

Thus, the ef fect of the movement along tlr.e curve has to be

eliminated in order to see the effect of the shifting of the

curve, which is *, the rates of technical change. l Further

discussion on Solow's model is left to the latter part of this

study.

(5) Sal-terrs measure of technological change

Both A-bramovj-tz and Solow measures are essentially

measures of the residual. Salter has attempted to decompose

the residual in the follor,ving fashion: He defined and measured

technical change by the rel-ative change in total unit costs,

that is, by asking "how muCh woul-d unit costs of production

fall if nothing changed except technical- knowIedge".2 This is

neutral technical change and is expressed as:

lsee R. M. Solow, "Technical Change and the Aggregate
Production Function" , Reuieu of Economic and Statistics,
vol. 39, August J-957 r pp. 3L2-20"

2w.g.G. salter t op. cit., p. 31"
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m
d,L d.K.._r,t + 

- 

4
dt dx
Lu+Ki

where ¿¿ and i are the respective prices of labour and capital,

and ú denotes time variable. Non-neutral technical progress is

measured by "the relative change in capital per labour unit when

relative factor prices are constant", denoted by Dr.

It is labour-saving if Dy, > 0 and capital-saving if Dy, < 0

(b) Productj-on Function Estimation Approach

Another approach to measure technological change is
the production function approach" First, let us look at the

Cobb-Douglas production function"

(1) Cobb-Douglas function

The Cobb-Douglas production function is written as:1

a = ALTKß

where A is outputr.4 is thre efficiency parameter, ol and ß a::e

the production elasticities of labour and capítal services.

What the function means is that if labour service and capital
service were both increased by I per cent, then total output

would increase by (u + g) per cent. Thus , Lf d, + ß = 1, then

lThe original Cobb-Doug1as function, developed in 1927, was

written as X = ALaKI-a. See C. W. Cobb and p. H. Douglas,
"A Theory of Productioñ", Ameriean Eeonomíc Reuieu,
Supplement (March L928) , pp. 139-65.
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a 1 per cent increase in both I and

increase ín Q, which is the case of

There are increasing returns if cll +

if cx + ß < L"

K would cause a 1 per cent

constant returns to scale"

ß > f and decreasing returns

in M" Brown , 0n the Theory
Change" op" cùt", p" 35"

A feature of the Cobb-Douglas function is that the

elasticity of substitution between capítal and l-abour is always

one. i Thus, the function ensures that "a proportionate change

in relative factor prices produces a compensating proportionate

change in relative factor inputs and relative shares remain

constant"r2 assuming, no technological change has taken p1ace"

Technological change can partly be represented by an

increase in the value of the efficiency parameLet, A" Since the

increase tn A does not affect the marginal products of inputs

and hence the marginal rate of substitution, the increase ín A

is an element of neutral technical progress. An increase in the

sum of the production elasticities, cr + ß, represents an increase

in the returns to scale. Economies of scale could be obtained

from two sources: the expansion of scale of production and

technological change. For the latter, if changes in o¿ and ß

are proportional such that the ratio $ t"*tirrs unchanged, then
0

the increase in (a + ß) represents Hicksr neutral technical-

change" This is so because if oú and $ change proportionally,

the ratio of the marginal products of labour and capital does

lThe proof that o =
and Measurement of

2tbid", p. 36"

f can be found
T e cLtnoL o gíc aL
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not change for each combination of 1{ and tr" I If, however, the
r?ratio 9 changes, then it is biased technical change. The change

is said to be capital-using if $ increases relative to o, and

labour-using if cll increases relative to ß. This is easy to

conceive since the ratio $ r"pr"=ents the ratio between capital

share and labour share in competitive equilibrium.2 For each

given factor-price ratio, Lf the capital share increases relative

to the labour share, then the technical change is capital-using

and vice versa. In summary, a change in.4 or the sum o and ß

are neutral technical change. A change in the ratio * i= biased
IJ

technícal progress"

(2) The Constant Ulasticity of Substitution (CES)
production function

We saw that in the Cobb-Douglas production function,

the elasticity of substitution is always one" Ho\¡/ever, it is

only one of the special cases of the CES production function.

The other special case is Leontief's fixed input coefficient

production function of which elasticity of substitution is zero"

In a path-breaking article, Arrow, Chenery, Minhas and Solow

found that "the elasticity of substitution between capital and

.ðxvlabour i= # = oZ and that of
o of their marginal products '

p
qe if g remains unchanged.

L ß -iK7." o - uL - capital share/

Since the marginal- product of
ðxYcapital- is i# = gK , the rati-, dK

y ly = I . !, does nor chan,òK / 'òL O¿ K
/ ^-. i^-.axi'òx-¿ ¿ _ßsance TEim = õ,." õ = cI .

labour "úrr..
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labour in manufacturing may typically be less than unity". l

The g;eneral form of a new function with constant (but not

necessarily unitary) elasticity of substitution is developed

as t2
-V

A = y[ô.K-p+(l-ð)¿-p]p where 0<.6<L

->p>-l

where A j-s the value added, Y is the efficiency parameter,

ô expresses capital intensity which is called the distribution

parameter, p is the substitution parameter, and v denotes the

degree of returns to scale. p is the substitution parameter

since its value is determined by the elasticity of substitution

between capital and labour, written as:

1- 1- -oo - ii-p or P = o

Like the efficiency parameter / in the Cobb-Douglas

production function, âo increase in Y in the CES function

re-presents a neutral technical change for "A uniform technical

change is a shift in the production function leaving invariant

the marginal rate of substitution at each f ratio" "3 Another
lJ

source of neutral technical change is a change in the val-ue of

the technologicatly determined return to scale parameter v sínce

a change in v does not affect the marginal rate of substitution.
iK. J. Arrow, H. B" Chenery, B. S. Minhas, and R" M. Solow,
"Capital-Labour Substitution and Economíc EfficiencY", Reuieu
of Economics and Statisti,cs, August 1961' p" 246"

2M. Brown claims that he and J. S. de Cani developed the CES
function independently of Arrow-Chenery-Minhas-Solow in an
articl-e appearing in InternationaL Economic Reuieu, vol. 4t
1963.

3Arrow-Chenery-Minhas-Solow, op. cít., p" 233,
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Non-neutral technical change in the CES function is

caused either by a change in the capítal intensity parameter 6

or the substitution parameter p " This is so because a change

in either ô or p will change the marginal rate of substitution.l

-òQ/ax - ô [r)ft+plr,lHS = TZffi = ñ- IUJ

If technical change causes the capital intensity parameter ô

to increase, then it is capital-using (Iabour-saving) technological

change, since if the value of MRS,increases when ô

increases, it indicates an increase in the marginal product of

capital relative to that of labour at gj-ven capital-labour ratio.

Similarly, a technical change which causes a decrease in ô is

labour-using.

A change in p means a change in the elasticity of

substitution between capital and labour for o = *. From the1+p

above expressionr wê see that a change in the value of p changes

the ratio between the marginal- product of capital and that of

labour, meaning that the technical change is non-neutral. I/üill

an increase in the elasticity of substitution be capital-using

or labour-using? The bias of technícal change resulting from

an increase in the elasticity of substitution depends upon the

o [¡<l -1.(l+p)
7T- [rJ

lThe marginal product

k =-1 "vto¡<dK p

- ðA üsl-mrlarfY fr= -p.

rhus , MRS = P-9Æ{' =à8/ðL

of capital
V-þ+(L-6)L-Pl-ã-'

Yi6K-9*( t-ôr¿-Pl

-n-76(-p)K

-- | - a-'l
P - (1-6)(-p)L

- ô [x)ft*pt-1_-ôt¿J o
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relative gro\^ith rates of capital and labour. The elasticity of

substitution measures the ease of substitution between capital

and labour and so its increase means that capital can now be

more easily substituted for labour and vice versa" ff capital

vrere growing faster than labour, then more capital would be used

because capital is now becoming relatively cheaper and al-so it

can be used to substitute for labour to a greater extent than

before new technology is introduced" Thus, the technical change

is capital using. Similarly, if labour grows faster than capital

then it is labour-using" I

(3) Vintage production functíon

In the above models, it has been assumed that technical

change raises productivity of capital equipment gienerally, ne\^l

as wel-l as old" In familiar jargon, this is to treat technical

knowledge as falling like manna from heaven. However, technical

knowledge, and hence productivity, has been increasingly recognized

as a function of gross ínvestment" Salter regards gross investment

as the vehicle of technical change.2 Kaldor has said that "most,

though not all, technical innovations which are capable of raising

the productivity of labour require the use of more capital per

man",3 If technological improvements can only be effected by

the installing of new machines, then productivity increase

rM. Brown , op. cit. , p. 56.

2salter, op, eit., p" 63.

35. Kaldor, "A Mod.el of Economic Growth" , Econom'Lc JournaL,
December 1957, p. 595.
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resulting from such improvement must have come from the newly

installed machines on1y" This is not to deny the existence of

"disembodied" technical change but to deny the assumption that

all technical changes are disembodied" Solow has this to says

"Improvements in technology affect output only
to the extent that they are carried into practice
either by net capital formation or by the replacement
of old-fashioned equipment by the latest models, with
a consequent shift in the distribution of equipment
by date of birt¡. rtl

Thus, Solow first constructs a ne\^/ function with a Cobb-Douglas

form and later another function in CES form which depict the

embodied technical change" 2 The first feature of these two

models is the substitution of J(t), the "productivity-corrected

stock of capital at time t", for the conventional capital stock

K(t). J(t) is the sum of equivalent capítal stocks of all

vintages. The prod.uctivity of a machine of vintage t is (1+V)

times that of a same machine of vintage t-l if the rate of

technical change is U between the two periods. Thus, a machine

of vintage ú is equivalent to (1+u) machines of vintage t-l, and

so technical progress is "capital-augmenting" in the vintage

sense. 3

1R. Iu. Solow, "Investment and Technical Progress", MathematicaL
Met\tods in the SociaL Sciences (Stanford Universityt 1960), p" 93"

2qor tlre models and their derivations, see Solow , ib¿d. ,
pp. 9L-93; and "Capital, Labour, and. Income in }{anufacturing",
1Á flte BeVtauiout, of Income Shaz.es (Princeton: Princeton
University Press, I'{ational Bureau of Economic Research I 1964) ,
pp. 106-109.

3Hahn and Matthews t op. cit., P. 65.
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This leads to the second feature that the bias of the

embod.ied technol-ogical change depends upon the magnitude of the

elasticity of substitution" If the elasticity of substitutj-on

is less than unity, meaning that capital and labour are not

easily substitutable, âD embodied technical change which raises

the productivity of capital by U will increase the use of labour

but not that of capital proportionately. This is because the

embodied change of raising productivity by U is equivalent to an

actual increase of capital and since capital is not so easy to

substitute for labour, a grea-ter proportion of additional- labour

than capital has to be employed. (Though there is no fixed

proportion between capital and labour, the range of substitution

is quite narrow.) Thus, the embodied technical change is

capital-saving. If the elasticity is greater than unity, capital

can be used to substitute for l-abour easily" Thus, the embodied.

change which raises capital productivity by u requires a smaller

increase of labour in proportion than that of capital. Hence,

the embodied change is labour-saving. Following the same logic,

it is neutral if the el-asticity of substitution is unity.

(4) Recent developments in production
function: VES and GPF

One of the recent developments in production function

approach is the formulation of the variable elasticity of

substitution function. The basic difference between the CES

and the newly developed VES lies in an assumption concerning

the relationship between value added per unit of labor'- A
^L, L,
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and the wage rates , ?r. The original ACMS article which d.evelops

the CES function states that there exists "a relationship between
o
f and u, independent of the stock of capital". l However, Lu and

Fl-etcher argue that "\n¡hen the capital/labour ratio varies, due

to changes in the factor price ratio, it is possible that the

elasticity of substitution will vary as the capital/labour raLio

varies".2 Thus, a new prod.uction function is formulated by

incorporating the capital-labour ratio into the ACIiIS I labour

productivity and wage relationship. This nevr function is known

as the VES function. Another recent development is the relaxation

of the assumption of constant returns to scale to allow the

returns to scale to vary with the output 1eve1.3 This new

function may have either a constant elasticity or variable

el-asticity of substitution. Thus, Zellner and Revankar call it

the generalized prod.uction function (GPF) .4

This completes our survey of developments in the

formulation of production functions " We have seen that the

Cobb-Douglas function with elasticity of substitution equal

to unity is a special case of the CES function and that the

lArrow-Chenery-Minhas-So1ow, op " eit., p. 23L 
"

2Yao-chi Lu and L. B" Fletcher, "A Generalization of the CES
Production Function" , Reuieu of Economics and Statisti,cs,
November 1968, p. 449.

3See David Soskice, "A Modification of the CES Production
Function to Allow for Changing Rêturns to Scale over the
Function", Reuieu of Economics and Statistics , 1969 

"

aA. Zellner and N. S. Revanl<ar, "Generalized Production
Function", Reuieu of Economíc Studies, April 1969.
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CES function itself is a limiting case of the VES function"

Further, all these functíons are specÍal cases of the still more

general GPF with returns to scale varying with the real output

level 
"

D" Empirical- Studies of Prod.uctivity Increase
and Techn@e

"*-t 
technological change have been

conducted both at the aggregate economy level, ât the sector

level, such as the manufacturing sector, and at the industry

Ievel. The earlj-est approach used in analysing productivity

growth is the residual approach, which we sha1l now briefly

describe 
"

(a) Thp,"Residual êpE¡roach

If the relationship between input and output is known

or assumed, the percentage of output growth attributable to

input growth can be quantified and hence, given the returns to
scale, the percentage of outpuL growth attributable to the

resid.ual- factor can al-so be calculated. M. Abramovitz's

Resouv,ce and )utput Tv,ends in tLte U"S. Since L870, ís the pioneer

study utilizing this approach. The first question which he asks

in the study is: "How large has been the net increase of

aggregate output per capita, and to what extent has this increase

been obtained as a result of greater labour or capital input

on the one hand, and of a rise in productivity on the other?rr I

l-AbramoviLz, op. cit., p. 5.



66

Solow states the sa:ne question as the problem of

segregating out the effect of moving along the production functíon

curve and the shifting of the curve in output per man-hour and

capital per man-hour space. l The findings of his study which

covers the period. L909-49, is that for the American nonfarm

sector, 90 per cent of the rise in the real GNP per man-hour is
attributable to unknown factors, which are labelled as technical-

change.2 Applying Solow's analytical model to the manufacturing

sector of the American economy between 1919 and 1955, Massell

also finds that the contribution of technical- change to the

growth in output per man-hour is about 90 per cent.3

The productivity indicator employed so far has been labour

productivity such as output p€r ftân-hour used in Solow's study.

Kendrick, however, argiues that "a given quantity of output, with

given technical l<nowledge, can usually be produced with differing

combinations of inputs" and so "changes.,,. irr factor combinations

mean that ratios of output Lo particular inputs, even to a major

class of inputs such as l-abour, cannot be used as measures of

changing prod.uctive efficiency".4 Instead, he proposes to measure

lR. M" Solow, "Technical Change and the Aggregate Production
-Function", Reui,eu of Economics and Statístics, August L957.

2See VrI. P. Hogan, "Technical Progress and Production Function",
Reuieu of Economícs and Statisticst I95Bt p" 408.

38. F" l4assell, "Capital Formation and Technological Change in
U"S. Irfanufacturing" , Reuíeu of Economics and Statisti.cs I L960,
p" 186.

aJ. w. Kendrick t op. cit. , p. 7.
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productivity changes by total factor prod.uctivity, which he uses

in his book in measuring productivity in the total economy and

at the industry level"

(b) T-he Refined Residual Approach

I'Technical change" is a catch-all term in the residual
approach, which is also a measure of our ignorance. The general

finding that about 90 per cent of output per man-hour growth in
the total economy is attributable to technical- change is betieved

to be overstated" The error comes, according to Griliches,
Jorgenson and Christensen, from the incorrect measurement of
inputs, namely capital and labour service. One aspect of the

incorrect measurementr âs Griliches points out, is the neglect

of quality changes in inputs. l Griliches and Jorgenson even

argue that "if quantities of output and input are measured

accurately, growth in total output is largely explained by

growth in tot.al- inputs".2 The conclusion which they derive

after using correct measurement of both output and inputs for
the U.S. economy for the period 1945-65 is that the rate of

growth of input explains 96.7 per cent of the rate of growth

of output.3 Although this conclusion is stightly changed in a

lSee, for example, Z.
Productivíty Growth:
Jouz,naL of PoLitícaL

c_¿D. VÍ. Jorg,enson and
Productivity Change"
p" 249 "

3tbid., p" 272"

Griliches, "The Sources of t[easured
United States Agriculture, 1940-60",

Economy , J.963 , pp. 331-46.

Z " Griliches, 'rThe Explanation of
, Reuieu of Economie Stud'Les, L967,
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the crude residual approach
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period. 1929-67, the departure from

is evident. l

Another development of the refined residual approach

is the incl-usion of factors other than capital and labour in

evaluating total factor productivity. Factors such as economies

of scal-e, education and research and development expenditures

have been taken into accountr âs a step towards the breaking of

the residual black box. Ivlassell, usíng a modified-Solow mode1,

d.ivides technical change in the u.s. manufacturing sector for

the period 1946-57, into inter-industry change and intra-industry

change.2 Intra-industry change refers to technical change

within each industry and inter-industry change refers to change

resulting from the shifting of resources, mostly capital, from

1ow-producti-vi-ty industry to high-prod.uctivity industry. The

finding of Massell's study is that inter-industry change accounts

for about one-third of the overall- technical change.

The most el-aborate effort in breaking the residual

measure is represented by Denisonts work.3 He takes changes j-n

employment and hours, education, changes in the age-sex

composition, economies of scale, shift in industrj-al- structure

and the advance of knowledge into account" First he cal-culates

lL. R. Christensen and D. W. Jorgenson, "U"S. Real Product and
Real Factor Input I L929-L967n I Reuieu of Income and lleaLth,
L970, p" 47 "

28. F. Massell, "A Disaggregated View of Technical
Jouz,naL of PoliticaL Economy, L96L¡ pp" 547-59.

3see E" F. Denison, The Sources of Economic Gt,outh
States and the Alternatiues Before IJs, Committee
Development, 1962"

Change",

in the tlnited
for Economic
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the grorvth rate of real national income and then the grolrzth

rates of all factors" The difference between the growth rate

of real- national income and tlie growth rate of all factors is

the growth rate of total factor productivity" For the period

L929-57, the finding is tliat "the increase in the quantity and

qualíty of inputs was responsible for 68 per cent of total growth

and the increase in productivity for 32 per cent". I Although

Denison's analysis invol-ves some weak assumptionsr2 his work

does represent an effort towards the reduction of the unknown

residual elements. 3 Tn addiLion to the study on economic growth

of the"United States, Denison has also done a similar cross-

sectional study of productivity growth for several European

countries.4 Walters of the Economic Council of Canada has

applied the Denison approach to the study of Canadian economic

growth. s

rtbid. , p. 267.

2"Undoubtedly his conclusions are questionable, and include some
quite unproven assumptíons, whích we canrhard.ly accept as they
stand"tt See E. Malinvaudts comrnent on Denisonts paper on
"Measuring the Contribution of Education and the Residual- to
Economj-c Growth", ín The Residual Factoz, and Economic Grouth,
(Paris: OrganiSation for Economic Co-Operation and Development
(OECD) | 1964) , p. 57 "

3"Denison, in short, appears to have done what every economist
concerned with the subject has hoped woul-d be done, namely,
broken down the residual into íts component elements. " See
M" Abramovitz, "Economic Growth in the United States - A
Review Article", Amev'ican Economic Reuieu, L962, p. 767.

aE. Denison, WhA Grouth Rates Differ (Washington, D.C":'
l|he:Brookings Institution, L967) .

5Ð" Walters, Canadian Income Leuels and Grouth: An InternationaL
Penspectiue, Economic Council of Canada Staff Study No. 23
(Ottawa: Queenrs Printer) .
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(c) Production Function Estimation, Approach

Although both the crude and refined residual approach

assume either implicitly or explicitly a production function,

the cal-culation of growth rate and rate of technical change is

d.one by arithmetic manipul-ation. Studies which use a specific

production function and regiression technique in estimating

technological change have been more prevalent in recent years.

The following covers only a few examples in this field"

The function frequently used is of the Cobb-Douglas

form. Brown and PopJcin use a Cobb-Douglas function to isolate

technological epochs and estimate neutral aird non-neutral

technical change and economies of scale for the U.S. nonfarm

domestic sector for the period f890-1958"1 The findings are:

(i) three technological epochs are uncovered; 1890-1918, J-?LB-L937,

and t93B-1958; (ii) economies of scale existed in the first

epoch; and (iii) the first epoch is characterízed by non-neutral

technical change while the other two are characterlzed by neutral

technical change.2 Other works of simil-ar nature by Brown and

others can also be found elsewhere.3

1M. Brown and J. Popkin, "A Measure of Technologicat Change
and Returns to Scale", Reuieu of Eeonomics and Statistics, 1962"

2rb¿d., p" 402.

3see, for example, 14. Brown and J. S. de Cani, "Technologícal
Change in the United States, 1950-L960tt, Pv,oductiuítg
Measurement Reu'Leu, Miay 1962r pp. 26-39. See also it{. Brown,
0n the Theorg and I,Ieasuv,ement of TecVtnoLogicaL Change
(Cambridge, Mass.3 Harvard University Press, L966).
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The CES function has also been widely used in estimating

productivity growth. I An example of the use of a CES function

in evaluating technological progiress is Ferguson's stud.y on

American manufacturíng ind.ustries over the period 1949-61-"2 The

distribution parameter, ô, in the CES production function, is

calculated for each year for each industry and a sustained

increase in its value is interpreted as an indication of capital-

using technical change and a sustained decrease as an indication

of capital-saving technical change. The results of Fergusonrs

study indicate that technol-ogical change has been either neutral

or capital-using for 16 of the 19 two-digit U"S" manufacturing

industries, and the remaining three industries have capital-saving

technica-I change. However, these three industries are relatively

large in sLze compared with the others and so the aggregate

technological change may net out to be neutral.3

A further development of the production function

estimation approach is the use of the embodied technol-ogical

change model. As we recalI, several early studies have attributed

90 per cent of productivity increase to technological change"

This casts some doubt on the role of capital formation.

lSee ivt. Nerlove, "Recent Empirical Studies of the CES and
Related Production Function" , The TLteoz'g and EmpiricaL Analysis
of Production, Nationaf Bureau of Economic Research I L967.

2C. E" Ferguson. "Time-Series Production Functions and
Technological Progress in American lt{anuf acturing Industry",
JournaL of PoliticaL Economyr 1965r pp. 135-47"

3rb¿d., p. L47 "
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The understatement of the importance of investment arises from

the assumption of disembodied technical change which assumes that

"The pace of investment has no influence on the rate at v¿hich

technique improves."1 Conseguently, the embodied technical cha-nge

model is developed first in the cobb-Douglas form and later in

the CES form" 2

However, the results of several empirical studies

applied to the American economy discl-ose that there ís no strong

evidence to support the embodied technical change hypothesis 
"

Intriligator finds that "neither embodied technical progress nor

disembodj-ed technical- progress can be considered alone". 3 Berglas

has tested several hypothesis, including (1) technological change

has to be embodied in capital goods in order to affect production,

and (2) technological change need not be embodied in capital

good.s. Using the data of the United States business secLor for

the period. L929-60, he finds that "the model in which technology

is not embodied in capital goods and in which technological change

is approximated by a time trend" have the best performance.4

1R. M. Solow, rrlnvestment and Technical- Progresstt, in
MathematicaL MetLtods dn tLte Soc¿al Sci.ences, K. Arro\nz,
S. Karlin and P. Suppes (eds.) (Stanford University Press,
t96o), p" 90"

2see ¿b¿d.r pp. 89-I04, and R. M. Solow, "Capital, Labour and
Income in Manufacturing", in The BeLtaui,out, of Income Shaz'es
(Princeton: Princeton University Press, J-964) .

3ivi" D" Intriligator, "Ernbod.ied Technical Change and Productivity
in the United States , L929-L958" , Reuieu of Economics and
Statistics , L965, p" 69 

"

4E. Berglas, "Investment and Technological Change", JournaL
of PoLiticaL Economy, 1965, p. 180"
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Another study of the vintage Cobb-Douglas model which covers

the U"S"private domestic economy 1900-60, is one by Wickens, in
which he also finds "no evidence to support the embodiment

hypothesis", I

(d) Manufacturing Sector and Individual Tndustries

Most of the work we have reviewed. so far focuses on

the American economy as a whole. There are, however, studies

done for the evaluation of the importance of technological change

in the manufacturing sector and at individual industry level.
Massellts work on United States manufacturing industries is one

of them" 2 Moroney has done some work on United States manufac-

turing and one of them is to ascertain the behaviour of relative
factor shares through an empirical study of the character of

technological change.3 Outside the United States, Lydall uses

an eguation similar to Solowrs L957 model, to estimate technical
progress in the Austral-ian manufacturing industries for the

period 1949-50/L959-60.4 There are also a number of studies

done on technical progress in Canadian manufacturing ind.ustries

r^¡hich v¡e shal-1 discuss later.
1rr4. R. Wickens, "Estimation of the Vintage Cobb-Douglas
Production Function for the United States, 1900-1960",
Reuieu of Economics and Statístics, L970, p. L92.

2see B. Massell's articles in Reuieu of Economics and Statistics,
L960, and. JournaL of PoLitical Economy, 1961.

3¡'. R. Moroney, "Technologicat Progress, Factor Proportions,
and the Relative Share of Capital in American llanufacturíng,
1942-1957", Westez,n Economíc JournaL, 1968"

aH. F. Lydall, "Technical Progress in Australian Manufacturing",
The Economic JournaL, 1968"
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At the industry level, a number of investigations on

the topic of productivity growth and technical change appeared

in the sixties. The electric power i-ndustry of the United States

has been given much attention, on which several studies were

conducted" Komiya experimented with a substitution model, which

was represented by a Cobb-Douglas production function, and a

l-imitational- model which assumes output as a log-linear function

of inputs, to find the separate effects of economies of scale,

factor substitution and technological progress in the United

States steam power industry between 1938 and 1956.1 His

conclusion ís that the scale effect is a far more important

factor in productivity growth than the other two. In a study

of productivity in .the Ameridan,, .electric power- industry,

1929-55, Barzel finds that the output-per-unit-of-input technique

as a measure of productivity change involves three sources of

bias of which economies of scale is an important one"' ey using

a CES production function, Dhrymes and Rutz also find that

economies of scale are predominant in the Amerj-can el-ectric

power industry for the period. 7937-59.3

IR. Komiya, "Technological Progress and the Production Function
in the U'.S:,-Steam Power Industry", Reui'eu of Eeonomi'cs and
Statistics, L962, pp. L56-66"

2Y. Barzel, "Productivity in the Electric Power IndusLry,
L929-1955", Reuieu of Eeonomics and Statistíes ' L963,
PP:395-408.

3P. J. Dhrymes and M. Kurz, "Technology and Scale in Electricity
Generatiofl", Econometv,iea, L964, pp. 287-315. See also
M" Nerlove, "Returns to Scale in Electricity Supply",
Technical Report No" 96, Stanford University, May L96L.
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Studies based on other industries are not many, however.

Maddala has used a Cobb-Douglas function and estimated techno-

logical change loy running single equation least squares and f.or

the United States bituminous coal industry, 1919-54, and he

concludes that labour productivity growth is "almost entirely
attributable to the increase in the horsepower of equipment per

worker". 1 Sahota also uses a Cobb-Douglas function to distinguish
the effects of intrafirm technical change, interfirm productivity
change resulting from resource shifting and economies of scale

in the United StaLes fertilizer mineral industries for the period

L936-60.2 The intrafirm technical change is found to be explained

by improvements in factor qualities. A different approach which

is called the engineering prod-uction function approach has been

used to ascertain the extent and character of technological change

in a number of industries. This approach obtains input coefficients

from the actual engineering relationship and usæ them in a pre-

determined production function or constructs the production function

according to certain engineering relationships. Smithrs study

of technological change in the American trucking industry is an

excell-ent illustration. 3

1G. S. Maddala, "Productivity and Technological Change in the
Bituminous Coal Tndustry , L9L9-54" , Jouz,na,L of PoLiticaL
Economy, L965.

2G. S. Sahota, "The Sources of Measured Productivity Growth:
U"S. Fertilizer Mineral Industries, 1936-1960", Reuíeu of
Econom'Lcs and Statis tics , 1966 , p " 202 "

3See V. L" Smith, "Engineering Data and- Statistical Techniques
in the Analysis of Production and Technological Change: Fuel
Requirements of the Trucking Industry", Econometnica, 1957.
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(e) Studies in Canadian Industries

The studies which we have covered so far are mostly

concerned with the American aggregate economy ancl industries.

Although not many, there are a few significant studies of

technological change in the Canadian manufacturing industry in

the l-atter half of the sixties. An extensive study on Canadian

manufacturing done by Lithwick, Post and Rymes, has two impor-

tant objectives: first, to deternrine the nature of the

capital formation process; and second, to estimate the contribution

of measured factor inputs and technical- change. r One of the

findings i-n the first section is that no evidence can be found

to support the embod.ied technical change hypothesís. The second

section presents detailed estimates of total factor productivity

by using an identity similar to Solowrs l.957 model and concludes

that "total measured factor productivity gre\^/ at substantially

different rates over the various major groups making up Canadian

manufacturing" and the different rates are cyclically sensitive.2

Another study which focuses on the character of technical progress

in Canadian manufacturing was done by Kotowi-Lz.3 The main

findings of this study are that the elasticity of substitution

lN. H" Lithwick, G. Post, and T. K" Rymes, "Postwar Production
Rèl-ationships in Canad.a", Ln The Theory and EmpiricaL Analysis
of Pnoduction, op" eit" r PP. 139'273.

ztbíd", p. tBB.

3Y. Kotowitz, "Technical Progress, Factor Substitution and
Income Distribution in Canadian Manufacturing, L926-39 and
L946-6I", Canadían Jouv:nq,L of Economics, 1969 " See also his
"Capital Labour Substitution in Canadian l{anufacturing,
L926-39 and L946-6L" t Canadian Jouz,naL of Economics t 1968"
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between l-abour and capital is less than unity, implying that the

CES production function used is the appropriate one, and technical

change in the postwar period is greater than that in the prewar

period. Also, technical change is Hicks neutral- during the prewar

period, and is approximately Harrod neutral in the postwar period. I

Other works rel-ated to technical change in the Canadian context are
not many.2

(f) SErdíes of the Steel fndustry

There are not many published studies of the Canadian

steel ind-ustry, let alone any work on the technological change

of the industry.3 There are, however, some econometric and

process analyses of the American and Japanese steel indus Lry.a
rtbid" , p. 111.

2There are, howeverr â[ unpublished Ph.D. dissertation "Technical
Change in Canadían Agriculture", i,uhích uses a Solow L957 model
(f," K. Li, University of Manitoba, L96B) , and a paper presented
to the L970 Canadian Economic Association meeting by J. C" Liu,
which is entitl-ed "Technical Change and Returns to Scale ín
the Manufacturing Industry in Canada" " There is also an un-
published Masterrs thesis by Vlassopoules, N"CH", TechnicaL
Change in Canadian Manuf actuz,ing fndustr,'Les " L946 to 1960
(Montreal: McGill University, L967) .

3There are several- unpublished theses written on the Canadian
steel industry, most of which are concerned with aspects
other than productivity and were written some time ago"
See B. Borsookts M"A. thesis, Toronto University (1934);
E. J. McCrackenrs M.A. thesis, McGill Universíty (1932)'ì
G. P. [iayes! 14"4. thesis, Acadia University (:..9a9) ¡
F" H. Telmer's M.A. thesis, University of Alberta (1964) i and
T" M. Russell's Ph.D. thesis, University of Toronto (f968).

4A few examples are: C. J" Higgins, "An Econometric Descríption
of the U.S. Steel Industry", in Essays in IndustriaL Econometz.ics,
vol" II, Philadelphia, L969 (edited by L" R" Klein); T" Watanabe
and S. Kinoshita, "An Econometric Study of the Japanese Steel
Industry", in Essays in IndustriaL Eeonometz'ics, vol" III
(edited by L. R. Klein); and C" S. Tsao and. R" H" Day, "A
Process Analysis Model of U.S. Steel Industry" , Management
Scienee, June I97L.
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The reason for lack of attempts to quantify total factor
productivity of the Canadían iron and steel industry is probably

unavailability of capital stock data for the industry" The

estimation of capital stock is a relatively new venture in Canada"

Estimates of capital stock of Canadian manufacturing and those

of two-digit industries were not available until Statistics Canada

published its reference paper in L967.r Published estimates of

capital stock at the three-digit level such as the iron and steel

industry are still not available" Fortunately, through the good

offices of the Economic Council of Canada and the generosity of

Statisti-cs Canada, the author has been provided with unpublished

estj-mates of capital stock for the iron and steel industry, and

these are used in the estimation of technical change in subsequent

analysis.

E. An Analytical Schemé

(a) Diff_usion o.f. New Tgchngl-og_ies

The effect of technological change on productivity

growth largely depends on the diffusion of new technologies"

An understanding of the process of diffusion will help in

grasping the mechanism of productivity increase" To this end,

Chapter IV will be d.evoted to a d.iscussion of the determinants

of intrafirm, interfirm and interindustry (Canada and the United

States) diffusion of new technologies"

lstatisLics Canada, Catalogiue no " L3-522,
CapitaL FLous and Stocks" Manufacturing"
February 1967 (Ottawa: Queenrs Printer)"

Estimates of Fíæed
Canada, L926-60,
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(b) Technological Change

We have thus seen that the prevalent methods of

estimating technological change are the residual approach,

mainly Solow's and Denison's model, and, the production function

estimation approach. Thus, the analytical apparatus which will
be used to evaluate the importance of technological change in

the Canadian iron and steel mill-s industry will be mainly the

resid.ual- approach and the production function approach, including

model-s based on the Cobb-Douglas and CES production function.

The essence of Solowrs and Denisonrs approach is
basically the same except that the former considers al-l residual-

as technical change v¡hile the latter attempts to break down the

residual by consideríng add.itional factors such as education,

productivity increase resultj-ng from the reduction of hours of

work per worker annually and the l-ike. The Solow model assumes

only two factors in the production function:

A = A(t)f(K"L)

where A is net output , K is capital services, -t is labour

services, .4 is a constant, and ú represents time variable;
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and derives the eguation:1

A o --k
- = 4i,7A q "Kk

whereq =9,fu=+ and W7, =capitalshare.-LL'LI\

The Denison approach includes additional factors, sâY education

(E) and research and development (R), in the production function,

which i-s written as:

A = A( t) f (K,L,E rR)

lThe Derivation of Solow's equation:

Differentiate the following equation with respect to t

A = A(t)f(K,L)

. da .af dK ^ðf dL , ^/a. -,dAget: # = A;fr.æ n offi"æ + i(K't')AT

: ,âf_'- "ârâ=A:¿¿-K+A+L+f(KrL)A* "ðK" "òL

a - o!Í_K * oàf L * f(xrt')"a "ðKa "ðLa a

síncez Q=A(t)f(K,L) hence 8=^##*o#tU-å (1)

ðQ- v ð8
5;,.rr n,.L . ðo ,ðf àg _ ^ðfLet: w7r=+ w7=T ancl ffi=AåLK,#=Aift

Substitute all these relationships in (f), get:

a - ,r.' v A

a "Li*wtrx*î

Assume wL+wk - 1. obtain å = + - wTriwnete q = f and, k = nq

Note that if the production function is assumed in Cobb-Douglas
form, the derivation of Solow's equation will be simpler" See
A. A. Vüalters, An Inty,oduction to Econometz'ics (London: Ittacmillan,
l-968) , pp.: 314-15"
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same method as Solow, the following equation canFollowing the

be derived:1

a _..K
=-w7,-Tq r'K

__L --E _ fr Allf,;+Wo;+llr-r=
-iJ þL -rR A

where the Wts represent factor shares. The above equation can

be rewritten as:

--Khl- 
-- ,,kK

1= 

-+
g
a

oa,,L .,8 .,R A
w LT !1/Eî w RE a

ga.a_gaaaa
of which each term on the right represents the contribution of

the factor to output growth in percentage term. Of course some

of'the,factor shares such as that of education are not observable

and so an indirect approach has to be adopted. For instance,

the effect of education on productivity increase can be as-

certained if its effect on labour is known"

The main emphasis is on obtaining an accurate measure

of technological change by careful measurements of inputs and

output" The measurement of labour input will incorporate some

quality adjustment element and capital input will be expressed

by the "servicerr concept" The Solow model, crude as it is,

enables us to construct a technological index and to examine

the nature of technological change. The results obtained can

also be used to test the existence of technological breaks by

lThe identity which Lithwick,
on Canadian manufacturing is
N. H. Lithwick, G" Post and
Relationships in Canada", in
of Production, op" c'Lt. ¡ p"

Post and. Rymes use in their study
similar to this equation" See

T. K. Rymes, "Post\nrar Production
ITte Tlteory and EmpíricaL AnaLysis

1BB"
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regression technique" The Denison model is complementary to the

Solow model but not a substitute" It evaluates the contribution

of factors other thran capital and labour, and represents a step

towards the breaking of the residual.

In addition to the explanation of residual through the

Solow and Denison apparatus ¡ âh examination of the nature of

technological change through production function analysis will
be made. The Cobb-Douglas as well as CES production function

will be used to analyse topics such as the returns to scale,

elasticity of substitution and the rate of technol-ogical change.

The use of the two types of production function allows a

comparative study of the conclusions obtained from the two types

of production functions.
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Chapter IV

THE DIFFUSION OF TECHNOLOGY

It was indicated in Chapter II that technological

change has been increasing in importance since l-946 in the

steel industry resulting in unprecedented growth in

productivity. Although the basic oxygen furnace and the

continuous casting machine have had the most far-reaching effect

in steel-making, other minor ínnovations also contributed to
productivity growth" The following list shows various innova-

tions, major as well as minor, introduced in the steel- industry

since L946zr

fnnovation

1. Basíc oxygen furnace
2. Continuous steel-casting
3" Planetary hot-roIl milling
4" Supplementary fuel injection
5 " Higher top pressure
6 " Curved-mould continuous casting
7. Dual-hearth open-hearth furnace
B" Continuous pickle line

Starting date

l.954
L954
1963
1963
1963
L964
L964
1965

compaPy

Dofasco
Atlas
Atlas
Algoma
Algoma
Atlas
Stelco
Dofasco

The above list, however, is by no means exhaustive"

Nevertheless, íL includes all major innovations in the steel-making

stage. AIso, most items appearing on the list were first adopted

in Nortir America by Canadian firms " The introduction of these

innovations has produced an enormous effect on productivity

growth. Productivity growth, ho\nrever, is not only a function

lPart of the l-ísL v¡as provided by J. Gander of the Economic
Council- of Canada"
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of innovations but also of their rates of díffusion" Roughly

speaking, the rate of diffusion refers to the speed and extent

of response of the industry in adopting an innovation after it

Tras been introduced by the first firm" More precisely, the topic

of diffusion is concerned with the following questions:1

(1) VÍhy do the uses of some innovatj-ons spread faster

than others? For instance, why did the use of

the basic oxygen furnace spread more quickly than

that of the continuous casting machine?

(2) After the first firm has introduced an innovation,

how long will it take for other firms in the same

industry to follow suit, and why?

(3) Wíthin an individual firm, how soon wíl1 it take

for the new technique or equipment to replace the

old after the first adoption of such technique or

equipment? V'7hat are the factors governing the

replacement of the old by the new technique?

In order to obtain some clue to the diffusion process

in the steel industry, a brief factual account may be helpful.

Due to the lack of data, innovations other than the basic oxygen

furnace and the continuous casting machine will not be discussed"

lThese questions are related to the topics "The Rate of Imitation",
"The Speed of Response", and "rntrafirm Rates of Diffusion",
in E. Mansfield, op. cit.
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A" The Diffusion of the Basic Oxygen Furnace

Two oxygen vessels \^/ere first installed by Dofasco

in L954 and an additional one \iras added in L956" The annual

capacity of the three oxygen vessels accounted for 74"2 per cent

of Dofasco's total annual capacity in 1956" In 1958, two units

of oxygen vessel \^zere added to Algoma I s then existing 10 units

of open-hearth furnace plant, which accounted for a quarter of

Algomars total- annual capacity. From 1958 to L962, although no

ne\^r oxygen vessef was added the productive capacity of the

five oxygen vessels increased from 1"I million net tons to

2.1 million net tons. The doubling of the capaci-ty could

presumably be attributed to other technical improvements such

as those listed at the beginning of this chapter in the process

of steel-making" In 1963, one more unit of the oxygen vessel

was added to Algoma¡s steel plant and the capacity of the oxygen

vessels was brought up to 50 per cent of Algomars total annual

capacity" Cominco Ltd., of Kimberly, British Columbia, acquired

a unit of oxygen vessels ín 1966, thus bringing the total number

of oxygen vessels in Canada up to seven units by the end of

L967. The Steel Company of Canada announced in 1969 that it

would add three units of L20 ton oxygen furnaces to replace its

eight open-hearth furnaces by L97 4. Syd.ney Steel Corporation

also plans to acquire two units of oxygen furnaces by 1974"
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Judging from the number of installations, the diffusion

of the basic oxygen process is not too impressive it was only

seven out of a total of L27 furnaces, taking the open-hearth,

electric arc and oxygen vessels altogether" These seven oxygen

vessel-s, holn/ever, account for nearly one-third of the total

annual capacity from L964 onwards. Since the capacity of the

oxygen vessels has usually been nearly fully utilized. in Canada,

this means that they produce at least about one-third of the

actual total production. l In addition, some of the existing

open-hearth furnaces have been adapted to increase speed and

save fuel by installing oxygen lances to blow pure oxygen into

the molten metal.2 Such installations use the same principle

as the oxygen vessel. Coupled with other improvements, the

capacity and production of the open-hearth furnaces have almost

tripled despite the fact that the number of its installations

has decreased from 49 units in 1945 to 26 units in 1967.

Table IV-l shows the number of installations, capacity and

production of the varíous types of furnaces used from 1946 to

1969.

lNo actual production figure of the oxygen vessels is re,l-eased
but it is reported that they produce one-third of total
output. See G. E" Vüittur, Primary fv'on and SteeL in Canada,
p. 17 "

2Vor instance, Sydnelz Stee1 Corporation has five of these
installations. See Primary Iz'on and SteeL , Operators List I,
Part L, p. 29"
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Since the actual production figures of the oxygen

vessels are unfortunately not separately released, estimates

have to be used in their place" If the estimated production

figures of oxygen furnaces are reliabler w€ can see that with

the gradual increase in number of oxygen vessels, their share

in total output has also been increasing impressively. Since

some open-hearth furnaces are equipped with oxygen lances, part

of the inc,rease in capacity and output of the open-hearth

furnace must also be attributed to the principle of pure oxygen

blowing" Thus, the total effect of using pure oxygen in

steel-making is greater than the capacity and production

figures of the oxygen vessel as shown in Table IV-l.

The diffusion rate of basic oxygen furnace can be

seen in Table IV-z. One thing which can be noted in the table

is that the increase in BOF (]¡asic oxygen furnace) capacity has

frequently been a function of its size per heat in net tons

rather than the number of furnaces" For instance, Dofasco has

been using three units of BOF since 1956 but its BOF capacity

has increased more than four times between 1956 and 1968 while

the size per heat of íts BOFrs has tripled."l Note also that

capacity increase can be achieved without an increase in the

size of furnace. Again, for instance, Dofasco had three units

of BOF which were 100 net tons per heat from 1961 to L965 but

Dofascors BOF capacities in
tons and 2t2701000 net tons,
Canada, Catalogue no. 4L-203
L96B issue, p. l-4.

L956 and 1968
respectively.

I L956 issue,

are 525r000 net
See Statistics

p" J-I7, and
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its BOF capacity was increased every year. These increases

were probably due to the other technological improvements in

connection with the BOF"

The other major innovation is the use of the continuous

casting machine. Atlas was the first company which installed

a continuous casting machine in North America in L954" By the

end. of 1969, there \^rere 15 units of machines with 4L strands

altogether and the annual capacity of these machines was 2 t306 r500

tons" Table IV-3 shows the process of its diffusion.

A few observations can be made based on Table

IV-3. First, most of the early users of continuous casting

machines \¡¡ere smal-l firms except Stel-co. Second, the percentage

of CCM (continuous casting machine) capaci-ty rises slowly but

steadily. Third., the type of mould of the machine was mainly

vertical in the earlier years and curved in recent years 
"

Comparing Tables TV-2 and IV-3, \Áie note the following.

First, the fast-users of BOF are also the slo\,v-users of CCI{.

In fact, Dofasco does not have a continuous casting machine even

at the present t.ime. Second, the diffusion of both BOF and CCM

increased in momentum only after 1960, despite the fact that

they were both first introduced in 1954. From Table Iv-2r wê

can see that nearly two-thirds of the present BOF capacity was

buil-t during the period 1961-68" In the case of CCM, about

90 per cent of the present capacity was built after 1960"
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Tabl-e IV-2

TIIE DIPFUSION OF THE BÀSTC OXYGEN FURNACE TN THE CANADIÄN STEEL INDUSTRY

No. of
Furnace

Size
Pe:: Heat

(net tons
CaPacit]¡

of the Inciustrv
Total- Ingots and
Casting Capacitlz

Year Com

1954 Dofasco
195s
1956 Dofasco
]-957 Dofasco
1958 Algoma
1959 Algoma

Dofasco
1960 Dofasco

fncrease 1'otaÌ of the Industr

19 61

1962

.r963

1964

196s

19 66
)-967
1968
1969
197 4

40

50
60
BO

100
60
60
90

100
100
106
100
106
100
106
100
110
100

TB

150

120

Algoma
Dofasco
ÀJ,goma
Dofasco
Algorna
Doiasco
ÀJ-goma
Dofasco
AIgoma
Dofasco
Cominco

Dofasco

Stelco*
Sysco*

2

3
3
2
2
?

2
I
2
3
2
3
3
3
3
)
3
3
I
3

3
2

350,000

175.000
185,000
400r000
200 f 000
l_40 r 000
140,000

100 ¡ 000
190, 000
200,000
30,000

150.000
300 ¡ 000
250 r 000
300.000
150 / 000
300, 000

80,000

170.000

350,000
350 ,000
525 | 000
710,000

1,l-00,000

I , 440 ,000
1r580,000

1f870,000

2,100/000

2,550r000

3,100,000

3,550 / 000
3r 630,000
3;630.000
3r800/000
3, go0, oo0

þ.t
6.3. 9.0

II.2
16. 5

20 .6
20.9

22.2

26.9

¿o..)

30.1
aô o

,o ?

/9 It

28.9

*Denotes pJ-anned addition
Notes: (l-) 'rhe last but one column is obtained by di.viding the total- BoF capacity

by tol-al steel ingot and casti¡rgs capacily shovrn in Table IV-l-.
. (2) The number of major firms is 5. They are Algoma, Dofasco. Stelco,

Sysco and Cominco.
(3) Although there vrere no increase in the BOF capacity in 1955, 196? and

1969, the cliffusj-on rates of the BOF fell for-these years because the
total- capacities had risen.

source: statj-stics canada, catalogue no" 41-203, ,¡steer Furnaces in canada_,,
Jiiíål:" issues) , and canãctian r¡rinerai úe.irroo4 rlãol-;;r;n ana sreel
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B" The Co-Bxistence of Outdated and New Technologies

It is shown in Table IV-2 and IV-3 that although the

BoF and ccM were first introduced in 1954, they were not widely

adopted until late L960. As previously noted, the BoF has much

more advantages than the open-hearth furnace with respect to
capitar,and operating costs" But even today, the open-hearth

furnace is still being used alongside with the BOF.

In the discussion of Salterrs theory of diffusion in
the previous chapter, the abandonment of ord equipment and the

adoption of the new was said to depend on the surplus over

operating costs, which in turn depends on the factor prices.
on the other hand, new investment is a function of interest
rates. The higher operating costs of the marginal plant implies

that the marginal- plant must have a much lower l-abour productivity
than the plant employing the best-practice technique. rn other

words, the labour requirement of each unit of output of the

marginal plant must O" 6i,gher than the latter. Thus, if the

price of l-abour is high relative to the príce of capital
(interest rates), then the marginal- plant will be abandoned

earlier" on the other hand, more new investment will be made

since capital is relatively cheap. Thus, a rising wagie trend

relative to interest rates will speed up the process of
replacement investment. If we are comparing two economies,

then the one with rapidly rising v/age rates will have a gireater
rate of replacement investment, more up-to-date techni-ques and

therefore higher productivity" Note that it is not the rel-ative
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lrage rate but the relative growth rate of the wage rate between

the two economies which is important. For instance, as v¡e shall see

later, the diffusion of BOF in the United States had been lagging

behind other countries with lower \,üage rates, such as Canada and

Japan. Maddala and Knight also find no evidence to support the

rel-ative factor prices thesis in the diffusion of BOF. I It is

intuitively clear that as wage rate rises, the surplus over

operating costs falls.

". . . quasi-rent of machine falls to zero after
T time-periods from installation" The decline in
quasi-rent arises because of an increasing wage
rate u(t), taken under perfect competition as
applying to labour on machines of all vintages."2

It is also clear that the effect of a rising !\¡age

rate is greater if the labour share is larger. The economic

life of machines will become shorter if both the growth rate

of the wage rate and the labour share are greater. Allen

expressed this relationship as: 3

t ( 0+ ìI aD I'1' = ì- IOcr r-r* À --r lu(t)z¿)
where A represents output, ¿, \^iage rate, and Z labour input.

This means that the economic l-ife of machínes, T I depends on

the growth rate of the wage rate (x) and the labour share in

lG. S" Maddala and P" T" Knight, "International
Technical Change - A Case Study of the Oxygen
Process", Econom'ic Journal, September L967 , p.

2R.G"o" Allen , Macz,o-Econom'Lc Theory (New York:
1967'), p. 294"

3tbid., p" 295.

Diffusion of
Steel-Making

544.

MacMillan,



94

or.r'tput" Titc g:rea.'te:: the \¡ð. lue of ), anc./or the labou:: sha::e,

the shorter tire economic life of machines witl be a.ncl the::eÍore
the faste:: t'he r¿rte of di ffusion"

AppJ-ying the above theory to the study of Canad.a-

united states diffusion of the basj-c oxygen furnace and the
cont-i-nuous castiirg machine/ one finds tha'b. the g.rowth ::ate of
the rvage rate in tl:e canadian steel industry has been higher
than that in tlie American steel industry. i The labour share is
believecl to be higher in the Canailian steel Índustry too, since
the -¡age rate is lower '¡hich encourages tlre use of more labour
in canada than in -uhe united. states v¡hile the interest rate

is ¡igher.2 Thus, the greater giro',vth rate of the Canadian tvage

rai:el.¡ith the e){Ðec'tation of a continued greaÌ,er growth rate in

the future and the larger labour share in the Canadian steel

industry than in the United States constitute an explanation of

t-he faster dif fusion rate oÍ both BOF and CCÙI jn Ca.nacla,

lThe growth rates are calcul ated

1959-
60 61

6t- 62-
62 53

63- 64-
64 65 66

66- 61- 68-
67 68 69

Canada (?)
u's" (9õ)

4-6 5.0
0-5 4"5

'J411J¿L Jo T

L? ))
2"4 5"5 4"7
2"6 2"8 3.4

6"8 6"4 7"4
2"8 5"7 7"0

ffi" of Table v-f and column (10) of Table
V*2 of Chapter V"

2colunn (9) of Table V-l anC Colun'n (7) of Table \z-2 sho"v
that labcur shares are slightJ-y higlher in tl-re American s-u€êl
inclusi::'y' than 'in the Canacli¿rn steel industry. The inconsistenc¡,-
probably arises from the fact that the rvacJe r:ate is much higher
in the Unitecl Sta-ues and so the wage bifl is bigger but the
la.bour input measureci in rnan-hours is no't as much as that in
/-an ¡Ä ¡
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C" W-h¿Did, BOF Spread Faster than C_CM

Tables Iv-2 and IV-3 show the diffusions of the basic

oxygen furnace and the continuous casting machine in canada.

If we use the ratio between total_ BOF capacity and total
ingots castings capacity as the measure for diffusion of
BoF and the ratio between ccM capacity and ingot capacity

as the measure for diffusion of ccM, Diagram rv-l can be drawn.

It is clear from Diagram TV-l- that the diffusion of
CCI4 occurred later than that of BOF and it is worth investigating
why this is so" As we noted in chapter rfr, Mansfield argues

that the rate of imitation, represented by the ratio between

the number of firms which have adopted the innovation and the

total number of firms in a parti-cular industry, should be higher

if the profit.ability is greater and the amount required to
invest is small-er.

It is plausible to suggest that the rate of imitation
is a function of profitability and size of investment required

for the i-nnovation. Profit is the difference between revenues

and costs and therefore a function of product price and factor
prices" The amount of investment required is the new capital
cost in Salter's terminology. One thing which ought to be

pointed out is that there might exist some relationship between

profitability and size of investment. The latter actually involves

the dífficulty in .getting funds : and'the,risk of:.investment.
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Capacity
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Diagram IV-l

DIFT'USION OF BOF 7\ND CC},I fN CANADA

BOF Capacity
Total Íngot
and casting
capaçity

CClt Capacity
Total ingot
capacity

l+-Er.õf%etr*æl¿*.4yi*i!__f

iöî'ã-i5 ="ieãïe ff60'-õ'r 6ffi-at-z

Source: See Ta}:Le ]IV-z and IV-3.

of
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As a rule, the greater the amount of investment required, the

greater the risk involved " But a higher profiLability provides

a justification for the investor to take some more risk and

vice versa. Thus, there is a compensatory effect between

profitability and size of investment required and so they are

not really independent of each other. l

In regard to the diffusions of BOF and CCM in Canada,

profitability is more important as a factor than size of

investment. since the capital costs of these two innovations are

less than those of the old equipment. Though the relative
profitabilities of the two innovations are not exactly known,

their absol-ute magnitudes of profitability are reflected in
their ind.uced savings in capital and operating costs. The BOF

is said to require only half the capital investment of the

open-hearth furnace and save operating costs of $3 to $10 per

ton, while the CCM enjoys a 30 to 50 per cent savíng in capital
costs and average operating cost savings of $q to $0 per ton" 2

It does seem from these cost-saving figures that the profitability
of the BOF is greater than that of the CCM.

However, the reason why the diffusion of CCM has been

lagging behind that of BOF probably lies more in the imperfect

substitutability of CCM for the traditional ingot preparation
lfhis implies that the problem of multicollinearity would arise
if the relationship was fitted in a regression equation as
l4ansfield did. See Mansfield t op, czt. , p. 140"

2W. Adams and J. B" Dir1am, "Steel Imports and Vertical
Oligopoly Power'r, Amey,ican Economic Reuieu , September l-964 ,pp" 646-47.
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process" As we noted previously, the disadvantage of the

early CCM was the 1ow tonnage it handled each time and so it

\4/as more suitable for small f irms than large f irms. It is

shown in Table IV-3 that the first CCM installed by Atlas in

i-954 has only a quarter of the annual capacity of a CCM installed

by Algoma in L967. We also note:from the table that the time

Iag between the first and second installation of the machine

was eight years, and all early adopters were small firms except

Stelco" Note also that the type of mould has been changed from

vertical to curved and the capacity of the machine has become

greater" It can be said with certainty that the early machine

had some technical difficulties and modifications \^/ere carried

out from its first installation to the mid-1960s.1

In sum, though the difference in profitability between

BOF and CCM has some effect on the slow diffusion of CCM, the

more important factor is probalcly the imperfect substitutability

of the CCM for the traditional process.

D. Size of Firm, Profitability and

It is shown in Tables IV-2 and IV-3 that small firms

have been leading in adopting both BOF and CCM. The reason

small firms adopted the CCM was that the small tonnage

which the machine handles was particularly suitable and economical

for them. In the case of BOF, however, the same argument is

lsee G" A. Hone and
Vertical Oligopoly
March L966, p" 159"

D. S" Schoenbrod,
Power: Com¡nenttt,

"Steel Tmport and
Amev,ican Economic Reuieu,
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not very convincing since the advantage in terms of cost and

time savings has far outweighed the tonnage consideration.

For instance, the costs of using two units of BOF which have

a total capacíty equivalent to a big open-hearth furnace are

still less than those of the simple open-hearth furnace they

replace. Yet Dofasco, a relatively smalI fírm compared with

Algoma and Stelco in L954r,.was the pioneer Ín adopting BOF for

commercial use in North America. The same pattern of diffusion

exists in the United States -- small firms assumed the leading

role in using both BOF and CCM. This raises the question

whether the size of firm has anything to do with the speed of

response of individual firms to innovation.

Mansfiel-d argues in his book that the greater the

profitability and the larger the firm, the shorter will- be the

period of waiting, in adopting an innovation, In other word.s,

the speed of response of individual firms to innovation wil-l

be gireater if the size of firm is larger and the profitability

is greater" The reason suggested by Mansfiel-d is:

"Because they have more units of any particular type
of equipment, large firms are more likely at any
point in time to have some units that will soon have
to be replaced" Thus, if an innovation occurs that
is d.esigned to replace this type of equipment, they
probably can begin using it more quickly than smaller
firms. Moreoverr large firms, because they encompass
a wider range of operating cond.itions, have a better
chance of containing those condítions for whj-ch the
innovation is applicable at first."i

iE. Mansfield, Industz,iaL Research and TechnoLogicaL
Innouation, p. 156.
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The above quotation, though it sounds plausible, is
not correct. When an innovation occurs, all existing
machines become obsolete. It is not simply tlrat a few old-

fashioned machines are to be replaced" If the gap in prod.uctivity

between the new machine and the old is sizable, the problem under

consideration is how to replace all or at least most machines.

The reason is apparent since the replacement of a few o1d-

fashioned machines cannot have much effect on the eliminating

of the productivity gap for a large firm as a whole" On the

other hand, it .i-s not profitable to scrap all the existing

machines either" They will be kept as long as they are producing

positive rents" Moreover, there is uncertai-nty about the future

improvement of the innovation. A big firm, with all its vested

ínterests and establ-ished market share, is more likely to adopt

the policy of "\n¡ait and see".

For small firms, things are d.ifferent.l They are

eager to expand and to account for a larger market share whenever

they can. When an innovation occurs, in addition to the replace-

ment by new machines of old-fashioned machines, there is room

for the firms to install additional new machínes, not just

replacements" Thus, small firms appear aggressive and outward

looking while big firms tend to be conservative and inward

looking" In conclusion, the speed of response of individual

lMansfield did suggest several cond.itions
firms may adopt innovations earlier than
See, ibid. , p. 180.

under which small
big firms "
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f ìrns to innovation is dete::m.inect bv -uhe p::cfi-uabilit1' of the

Ínnor¡aticn and the size o'F firm" I{owever, con-Lrary to wha-u

l"la,nsf i eld believes, the larger the size of f j rin, the longe::

will- be the period of clelay, Thrs p::rncip'l s is belier-zeC to be

applicable in the steel industry as ivel-l as industri es v¡ith the

same nature "

E" The Intrafi.rm and Interfirm D-i ffusions

After a firm has adopted an i nnovation for the first
time, how fast will it substitute the nerv machine or equipment

forthe outdated machines and equipment rvithin itself? IVhy are
'uhe diffusions of an ínnovat.ion in some fir¡rs faster than those
in otirers ?

For the intrafirm diffusion of BOF in the Canaclian

steel indusLry, factors such as unused capacity, age structure
of the existing capital stock, market share, liquidity ratio
and profitabirity of using BoF seem. to be importani. !,ihen a

steel firm. is considering expansion of its procluction, new

investment in BOF r,vould be delayed if there ryas ample unused

open-hearth capac'i ty" Although the productivity of the under-
ui-ilized open*hearth furnace is much lorver than that of the nev/

BoF, it is still profitable as rong as tire operating costs per
un-it of product, by using the currentty unusecl capacity, is less
tiran the sum of capítat and. operating costs per unit product
by using a new BoF. second, the age structure of the existing
-furnaces reflecLs the vreighted averac;e of furnace proCr-rctivities,
assr-uninq that a furnace installecl at 'cime ¿ is embcclied lvith tÌre
j ., .-, - -r' .!- ^ia i-c.j ú ;cci:.noiogv availaoie at 'tii,re L , tecause oi' tbc clif ferent
tecnnolcgies ernbodiecl, anLl wear anc- tear, the producL.ivii:¡z gap
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between a young stock of open-hearth furnaces and the BOF is

smaller than that between an old stock and the BoF. The greater

the gap, the sooner will the rent yielded by old furnaces be

eliminated. Hence, the ol-der the existing stock, the faster

wíl] be the intrafirm rate of diffusion" Third, market share

is also related to diffusion of BoF" A firm with a small share

ín the market will- be more eager in searching for a way to

increase its share than a firm with a big share in the market. l

Fourth, a firmrs liquidity, represented 3cy the ratio between

current assets and current lial¡ilities, measures the firm's

financial situation and the ability to obtain investment

funds. The ease of obtaining funds certainly speeds up the

pace of diffusion j-f the firm desires it. The final factor

profitability needs no more mentioning here.

Statistical data do provide some support to the above

argument" As shown in Tables IV-4 and IV-5, and also in Diagram

IV-2, Dofasco has a higher diffusion rate of the use of BOF

than Algoma" fn 1946, Dofasco had four units of open-hearth

furnaces and five units of electric furnaces. fn fact, the

four units of open-hearth furnaces were discarded in 1956 and

an el-ectric furnace was discarded in 1962. In contrast, Algoma

added two units of open-hearth furnace to its then existing

l2-unit stock of open-hearth furnaces in 1953. When BOF was

Ielthough the steel- industry is an oligopolistic industry in
which price cutting is not profitable, some hidden price
reduction practices can take place. For instance, special
discount is given or the extra charge levied according to the
size and specification of the order is reduced.
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installed by Dofasco in 1954, about 20

open-hearth capacity was just one year

discouraged Algoma from installing BOF

waited until 1958 to install two small

small units of open-hearth furnace had

increase of BOF capacity and discarding

took place after 1958.

per cent of Algomars

old" This obviously

right away, Thus, Algoma

units of BOF after four

been removed" Further

of open-hearth furnace

In Diagram,rIV-2, the broken lines show the percentages

of unused capacity for Algoma and Dofasco" Except for a few

years such as L963-66, Algomar s unused capacity seems to have

been greater than Dofascors. However, the difference is not

large enough to support any firm conclusion.

Market share, which is generally proportional to firm

size and hence production capacity, is regarded as a significant

factor in BOF diffusion. Of the three largest producers, Stelco

has had the biggest share" Algoma is second and Dofasco is the

third. The tables show that Dofasco had had only half of Algoma's

production capacity from L946 to L952. The desire for capturíngr

a larger market share by a small firm like Dofasco is believed

to be one of several important factors in speeding up the

diffusion rate of BOF. The calculation of firm's liquidity,

which is another factor, shows that Dofasco's liquidity is

slightly greater than Algoma's.1 The final factor the

profitability of BOF to each firm, though difficult to calculate,

is al-so believed to be an important factor.
lThe l-iquiditv factor, represented by the ratio between current
assets-and c-urrent liabilities, is -found to be: Algoma 3.1
and 3.Or.Dofasco 3.9 and 3-.2, both fo_r L967 and 1968;respectively. See Annual Rêports of these companieb for
1967 and 1968"
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Diagram IV-2
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F. The Industry-Wide Diffusion of BOF

So far, we have discussed the intrafirm and ínterfirm

patterns of diffusion of innovations. Nextr wê want to look at

the cross-sectional industry diffusion of new technologies. We

simply ask the question: what are the factors responsible for

the differences in diffusion rates of a certain innovation in

two industries of the same nature? More explicitly, what are

the factors which make the diffusion of BOF in the Canadian steel

industry differ from that in the American steel industry?

Several factors are important in this connectíon"

First, the growth of market implies that shortage of capacity

will ennerge soon" This induces producers to expand production

capacity and so innovation will be introduced faster under this

circumstance than otherwise. In fact, the growth of the

Canadian steel industry is frequently attributed to the growth

of the steel'rnarket. The growth of the economy as a whole and

the spread in the use of steel- were responsible for the growth

of market" The setting-up of automobile plants in Canada under

the Canada-U.S. Automobile Agreement provided some spur to

market growth" The expansion of consumer durable goods industries

was also important in stimulating the growth of the steel industry.

The second factor is the profit rate of steel firms "

It is important in connection with diffusion of technologies

since profit or net earning is an important source of funds

which accounts for 30 to 60 per cent of total funds needed for

investment purpose. For instance, profits as a source of fund
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account for approximately 60 per cent, 50 per cent and 30 per

cent of total available funds at Dofasco, Stelco and Algoma,

respectively, in 1969. I

Competition in the industry is another important factor
in technological diffusion, This relates to the composition

of the industry -- whether it. is composed of a large number of

small firms or mainly a small numJrer of large firms. The size

of firm has long been a critical topic in discussion of innovation"

The issue here is whether competitive forces, presumably pre-

vailing in a structure composed of many efficient firms, are

conducive to technological innovation and diffusion.

Competition is an important assumption in Salterrs

theoretical analysis of the diffusion process " As new technology

is used, the unit cost of product, which depends on the movement

of relative input prices, faIls" It is the competition of

sel-lers which forces the price to decline. Consequently,

producers using outdated machines or equipment are compelled

to substitute new machines or equipment for the old since the

rent yíelded by the latter has vanished. If competition was

weak, then the pace of technological diffusion woul-d apparently

be slower than otherwise"

lSee AnnuaL Repoz,ts of these companies, L969. Total available
fund is the sum of net profit, charges not requiring cash
outlays (includíng depreciation and taxes deferred to future
years), shares issued for cash and long-term bank credit"
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Besides firm size, several other factors may also

have a oirect relationship with competition. The location of

steel firrns more or less determines the boundary of the market

for each firm" This is because the heavy transportation costs

of steel makes the penetration beyond oners market unprofitable.

Thus, competitive forces are weaker in the case where firms are

loosely scattered about than where firms are crustered. rn

Canada, trvo of the three largest steel firms are located in

Ontariors manufacturing belt. Moreover, import competition,

mainly from the United States, Japan and the conLinental European

countries, has been constantly strong. Thus, competitive forces

are believed to be effective. l

Restrictive practice of steel firms such as price

fixing which lessens the degree of competition has seldom been

heard in Canad.a.2 Purchase and control d.id take place, however.

Stelco purchased Premier Steel Limited in L962. Other firms

acquired by Stelco are the Canadian Drawn Steel- Company (in 1961)

and. Page-Hersey Tubes Limited (in L964) " Algoma, being itself

controlled by Mannesmann International Corporation of Germany,

holds 43"5 per cent of the Dominion Bridge Company Limited

shares in L964. The latter operates a steel-rolling mill-

lIn fact, the lack of competition, combined with other causes,
though it. enabled the former Dosco to survive with obsolete
equipment and machines for some time, led to the eventual
shutdown of the firm at Sydney, ltrova Scotia"

2In the United States, U.S. Steel was charged with monopolizíng
the iron and steel industry in 1920"
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llanitoba Rolling Mill at Selkirk, Manitoba. Recently, Mannesmann

merged wíth August Thyssen-Hutte of Germany, which is the parent

company of Canadian Phoenix Steel and Pipe Ltd" Thus, Algoma

has some influence on Phoenix Steel indirectly"

However, the purchase and control mentioned above have

not lessened the competitive nature of the Canadian steel industry.

In a study of the economic character of the steel- indusLry,

El-ver derives the following conclusion:1

" " o. no evidence or reference to unacceptable behavior
that would suggestr oD bal-ance, the absence of
effective competítion. There are no artificial
barriers to entry by new firms r ho interlocking
directorships or conìmon sources of financial control,
and no indication of price-fixing although a normal
price-leadership situation exists. "

In examining the degree of competition in the Canadian

steel indusLry, one has to be aware of the fact that the Canadian

market is a part of the North American steel market.2 Thus,

the high concentration ratio, represented by the ratio between

a firm's production capacity and the total capacJ-ty of the

industry, does not necessarily imply the lack of competition.3

]R. B. Elver, Economic Charactev, and Change in the Canad¿an
SteeL Industry Si-nce 1-945, Mineral Resources Branch,
Department of Energy, Iviines and Resources, Ottawar pp" 26-27"

2lariff- does not determine the boundary of the market and has
not much effect on the Canada-United States trade in steel
products. It is said that "in most cases the tariff changes
represent only a fraction of the normal price fluctuations
occasioned by market conditions." See U.S. Senate, SteeL
Imports, December L967, p" 309.

3"Because the marlcet limits the number of plants, the industry
is highly concentrated." See Elver, op" cít., pp" 26-27"



111

If we take the North American market as a whole, the share of

the Canadian firms as a group is a negligible fraction compared

with the shares of the big firms in the United States.

The final factor is the growth rate of the wag:e rate.

As we saw in Section B of this chapter, the wage rate in the

Canadian steel industry has been rising rapidly. The greater

the rate of increase in the \{age rate, the earlier will the

surplus over the operating costs be eliminated and hence the

faster the rate of diffusion"

In sum, the hypothesis that the growth of the market,

the increase in the vüage rate, the mild increase in profit ratios

of the industry and the effective competition are the main

factors which stimulated the rapid diffusion of technologies
j-n the Canadian steel industry, can be established" More

weights might have to be attached to the growth of the market"

c. Diffusion of New Technologies

(a) Why Did American Firms Have a "late start"

Canada was the first adopter of two major technological

innovations the BOF and. CCM in North America" The American

major steel firms foll-owed in adopting the innovations after a
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lag of several years. 1 It is worthwhile to enquire why the

bigger American steel industry lagged behind its Canadian

counterpart.

Two possible explanations for this are: (i) the

American steel industry had made a sizable investment in plants

and equipment in 1951-53, and bl' the time the BoF and ccl\'l

were proved to be successful in L954, the American industry had

no more room for expansion; and (ii) the early versions of both

BOF and CCM were of small sizes and thus not suitable to the

large American firms of the American steel industry.2

The first theory seems plausible if we look at the

American investment expenditure series in Table IV-6. The

three years, 1951, 1952 anð, 1953, wi-tnessed an upsurge in

investment expenditure, and this fits in nicely to the theory

that by L954 when Canada first installed its BOF, there was no

provision left for further expansion.3 But if we look at the

Canadian series as well, the same upsurge existed for the

lMcl,outh, a small firm, i-ntroduced BOF in 1955, but major firms
such as Bethlehem and U.S. Steel- d.id not adopt BOF until L96L
and 1963, respectively. The first commercial CCM went into
operation in L962. See Adam and Dirlam, "Steel- Import and
Vertical Oligopoly Po\n/er", American Economic Reuieu, September
1964, p. 647.

2one more theory is that Americans always think they are
"nunLber one" and do not believe that others can do better than
they. Both BOF and CCIII were developed in Europe.

3Business Week reported that "the industry bought 40 million
tons of the wrong kind. of capacity -- the open-hearth furnace"
instead of the BOF in the period 1951-53 " See November L6,
L963 issue.
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three years" This shows that the investment upsurge of the

period 1951-53 alone cannot explain the lag of BOF diffusion

in the United States " But why did the Canadian industry still

have room to expand? The answer l-ies in the fact that the

Canadian steel industry was a young industry in its prime and

was growing with its increasing share in the North American

market, while the American counterpart \^/as long

established" In other words, the Canadian steel industry was

enjoying a higher degree of returns to scale than the American

steel industry, and this permitted the former to increase its

share in the North American steel market.

The second theory also has íts truth. From the

experience of BOF diffusion in Canadar wê note that the size

of the early BOF was small and it has been increased since.

A1so, the design and size of CCM has been changed. Because of

the low capacity of the early BOF, the American firms believed

that it would be more economical to produce large tonnages of

steel by using a few open-hearth furnaces than a larger number

of BOFIs" Some element of "waiting" was involved in the decisi-on

to defer the use of BOF since they also believed that BOF with

higher capacity would soon be developed. l The same reason

explains the delay in adopting CCM. In addition to low capacity,

the original CCM is said to have suffered from some technical-
2dr-ttrcultles. -

1R. E. Slesinger, "Steel Imports and Vertical Oligopoly Power:
Comment", Amez,'Lcan Economic Reuieu, March 1966, p. L54"

2G. A" Hone and D. S. Schoenbrod, "Steel Imports and Vertical
Oligopoly Power: Comment", Amez'ican Econom'Lc Reuieu,
March L966, p" 159.
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Tabl-e IV- 6

CAPTTAL EXPENDITURE TN STEEL INDUSTRY
CANADA AND UNITED STATES

(t'1i 1l-.i on $ )

United States Canada

1946
1s4 7
]e4 B

1e49
1e5 0

r95t
Is52
le53
lg54
I s55

1956
t.s57
1e5 B

1e5 9
196 0

L96I
Ls62
1e6 3
I e64
ts65

1966
rs67
1e6 B

1e6 g

TTO
600
6oo

120 0
15r0
1210

750
86o

r27 o
]-720
119 0
1040
16oo

r1 30
lt00
tz4o
16oo
r QrcLWL )

1953
2146
2307
2047

o. /
15 .2
19.3
rr. 6

6.9

50. 3
72.9
l-ro o
)1 E)J. )
34.5

6t.T
7 r.0
55 .9

.7 Lt .T
rr4. B

6T .z
11) O

107.3
zo6.t
-r lì2 lr

2r0 .6
r22.9
65.3

102.4

Sources: (1) The Canadian figures are obtained fnom
Pz,iuate and PubLíc IrLuestment in Canada,
Department of Trade and Commerce (various
issues ) .

(2) The United States figures of l-948-63 ane
obtained fnom Repont to t.lze Pyesident. on
S1;eeL Prices, Apnil 19 6 5 , p. 6f and those
of 1964-69 are obtainecl fr"om Reporb to the
Presídent on the Ecotzomic Position of the
S te eL Indus 1;ry , p u 25 ,



rn fact, the tl.,'o theories do not conflict but are

complsrr.sntary" A -uen-tative theorlz can be formu'l ated as fol-lo'¡¡s"

The late start in aclopti ng both the tsOF and CClf in tÌ-re Unitecl

Siates is due to the fact that. huge inves'tments \'/ere made in

ínstal-ling ti¡-e tracii-,ional rnachines and equinment iirmediately

before BCI'and CCMI caine into being, and also the belief that

the use of 'the low-capac-i-ty early mociels v¡as not a-s economicaf

as that of the old ìnstalla-tions j.n large-scale produc'tion"

And the reasons why Canadian firms l'/ere able to adopt these

innovations faster than the American fírms are that the Canadian

firms were relativellz small and that 'bhe Canadian steel industry

vras growing v¡ith its íncreas'ing share in the North American

steel marke-u. I
lb) 'i'lre Tnterf i rm Dif fusion of BOF\* /

The diffusion of the BOF provioes an excellent

rllustration of interfirm cliffusion patter:n in the United States"

fn 1955, l,tclouth Steel, a firr,r r+i-uh less Lhan I per cen'L of

¿lrnerican ingot capacity, was the first firn in the Uniied Sta.tes

to install a BOF. None of the major firms took any initiative to

adopt the BOF until L957 lvhen Jones and Laughlin Companv

installed its firsb basi c o:ygen furnace. The iwo bigglest

a The increase in the Canadian share in the No::th Ameri can narket
can be illus trated b1z the f ollor^ii-ng f igures ;

1955 i960 1965 1969 (million.,
Canacl.ían clomest.ic shipments - 3 .T T I 6 J -i .Z tons t

U"S. shipments B4.l 71.1 92.7 93.9
Canadian share(?) 4"0 4"9 6"5 l"L
See Subinission op"cit" Table 7 and Report to the Presiden*' on
stee I Prices õo .Zf t- . rabl-e B "
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firms, U"S" Steel and Bethlehem, adopted the BOF in 1963 and

L96L, respectively, followed by Republic in 1965"

Table TV-7 shows the existing and future BOF capacity

in the American steel industry" IJote that the early BOF, which

Mclouth installed. in 1955, was later adapted to handle larger

tonnage and so it is not in the table.

Those firms with double asterisks are the largest

firms in terms of ingot capacity, and those with an asterisk

are large firms " All the rest are small firms " We thus notice

that the same kind of int.erfirm diffusion pattern of BOF existed

in the United States as in Canada" Small firms took the lead

while big firms lagged behind. There was a lag of six years

between Mclouthrs first installation of BOF and Bethlehem's,

one of the two largest firms. The lag between Mclouth and

U.S. Steel, the remaining largest firm, \,vas eight years.

The theory that the delay between a firm's adoption

date and. that of the first firm is related to the profitability

of the innovation to the firm and firm size is applicable in

this iase. From 1955 to 1959, the size of various BOF used

in the United States \^/as not more than 110 net tons per

heat. The smallness 1ed big firms to believe that the BOF

was not economical and, hence, not profitable for them. But

the small size was particularly suitable for small producers

and in view of the tremendous savings both in capital and

operating costs, the BOF was regarded as profítable"
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Table IV-7

THE EXISTING AND FUTURE BOF CAPACTTY IN THE U¡IITED STATES

Start up
Date

Compariy I,lo. of iloF AnngglJglgrilJ__&Output rc
,Per Heat. Exis.ting A¿dition(Net Tons )

1957
]-958 /60

1969 )
195 B

t959
196r
19 61
tg62
1963
7963
1961r
196 4

1964
t964 /66
!965
l-965
].965
].965

-a966
1966
1966
l.966
l-967
1967
1968
196 B

196 B

1968
l-969
]_969
19 70
tg7 0
7970
1970
1970
r97l-
J.977
I9T3

I ,000 ,000
2,800,ooo
l_ r 500,000

750 ,000
2. ,25O,000
1,200,000
3,600,000
2,000,000
2 ,500,000
2 ,600 ,000
1,800 ,000
I,200,000
4,7oo,ooo
2,100,000
l-,500,000
4,ooo,ooo
2,6oo,ooo

500,000
2 , Boo ;ooo
3,5oo,ooo
2 r 800 ,000
2 r 200 ,000
3,500 ,000
L,250 ,000
2,500,000

900,000
3,000 )000
2 r 000,000
3,000 ,000
2 ,000 ,000
2 ,000 ,000

3,000,000

ilJones&Laughlin 2x
Mclouth 3 x' 2x
Kalser .3 x
fnter"lack 2 x
Jones&Laughlin 2xriåi'¡u¡,rt"t,"m (Pueblo) 2 xr.l'lationaf Steel (Gr.eat Lakes) 2 x*¿'r¡rmcg 2 x**U.S. Steel (Duquesne) e x
Ford l'lotor 2 x
Vlheeling-Pittsbur¿qh 2 x'l,llsconslnSteel . 2x
Bethlehem (lackarvanna) '3 x+RepuÌ¡lic (lrtaruen) a x
Republic (cadsderr) 2 x
U.S. Steel 3 x
Irllreelir-rg-Pittsburglr 2 x
AÌlegheny Ludl-um 2 x
Be/,;hLehem (Sparrovrs Polnt) 2 x*Inlancl 2 x
Republ"ic (Cleveland) Z x
Granì.Le CÍty 2 x
National Steel (l,lej_::ton) ¿ x
Alan Vlood 2 x
Bethlehem (Betltlchenr) 2 x
Crucil¡l.e Steel_ Z x
Jones&Laughlin 3xtùAr"mco (¡liddtret on ) Z x
U.S. Steel 3 x
Bethl.eireln (Burns l{arbour) Z y.

National Steel.. (Great Lahes) 2 x
Republic (Buffalo) 2 x
U. S. Steel (Loralr-. ) Z x

+sYoungs torvn 2 x
' U.S. Steel (Ga::y) 3 x

U. S. Steel- (ilraddock) Z x
Inland 2 x

BO

110
l-10
l-10
.75
225
1.2 0

300
180
220'25A

200
1.4 0

3oo
190
Ì90
210
250

BO

200
255
240
230
??trJJ )
1{0
250
105
200
200
200
250
200
100
t)^
265
200
220
2 r-0

I r 000 ,000
2 ,800 ,000

.4,ooo,ooo
2,250,000
2,200 ,000

i'L¿rng'e

å-*Large st

Source t 14etaLLu.rgi.caL BuLLetí.n tlottthly, I'ebruary 19?1, p. 24 ,
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The second factor firm sLze certainly has some effect on

interfirm diffusion of BOF" U.S. Steel and Bethlehem accounted

for 28"2 per cent and 15.5 per cent of the total ingot capacity

in 1960, respectively, and the eight big firms accounted for

76 per cent of the total ingot capacity"l Big firms lüere there-

fore not as anxious as small firms in reaping any add.itional

windfall, íf any. Adams and Dirl-am have even suggested. that

"the structural and behavioral characteristics ôf oligopolized.

industries prevent the dominant firms from pi-oneerifrg."2

In summary, big firms lagged behind small_ firms in

the adoption of the BOF process in the United States, and the

explanation is that the early BOF was considered as uneconomical

and unprofitable by big firms; second, big firms tended to be

more cautious and conservative in adopting new production

techniques and equJ-pment.

(c) The Diffusion of BOF in the Industry

The above section discussed the reason why big firms

\.tlere sl-ow in adopting the BOF. The present section will

examine the rates of BOF diffusion in the United States and

compare with those in Canada" 3 Diagram IV-3 shows the diffusion

of BOF in both countries"
1J. Bain, IndustriaL 0r,ganization, 2nd" edition, p. l-40"

2Vl. Adams and J. B. Dirlam, "Big Steel, Invention, and
Innovatioo", Quarterlg Journal of Economics, May 1966, p" 1BB.

3Intrafirm diffusion of BOF will not be discussed because data
are not available.
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Diagram IV-3

BOF TN THE UNITED STATES AND CANADA

52

4B

44

40

36

32

2B

t2 -l
B .-i

4*i

DTFFUSION OF

Per Cent

h.--

BOF Production
Tota uctron

Canadian Estimated
BOF Production

'* Total- Productron

24

20

L6

Canadian BOF
Capacity

Total Capacity

_.'o

54 55 56 57 58 59 60 61 62 63 6465 66 67 68 69 Year

Sources: (1) U.S. figures 1955-66 are from J. Singer,
?he fmpact of Trade Liberation: 2, p" 20, Table 9"
1967-69 figures are from Llne Report to the Pz,esident
on the Economic Position of the SteeL Indust.z,y from
the Cabinet Committee on Economic Policy, July 6,
I97I, p. 29, Table l-4. Figures for the overlapping
years from these two sources are slightly different.
(2) Canadian figures are calculated from Table IV-l.
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It can be noted from Diagram IV-3 that the diffusion
rates of BOF \dere lower in the United States than in Canada

before L967. After L967, the diffusion rates in the United

States became greater" Why were the rates lower in the United

States ]¡efore L967? The smalI sLze of BOF which was not

profitable to the American steel indusLry, dominantly composed

by big firms, seems to explain part of the phenomenon. However,

the smallness of BOF is by no means the most satisfactory ans\^/er"

National Steel is shown in Table IV-7 to have install-ed two

units of 300 net tons per heat BOF in L962, which is almost

the largest size of BOF the United States has possessed so far"
This shows that the small-size thesis was no longer valid, ât

least, from l-962 onwards. Then, why did the American industry

tal<e five more years to catch up to the Canadian diffusion rate

in L967?
The reason lies in the fact that the American steel

industry was in a stage of slow growth, the industryrs profit

rate was declining, and competition was inadequate. The slow

growth of the steel ind.ustry can be inferred from the following

paragraph:

"During the postwar period, steel has been losing
markets to competitive products" In 1947, the
relative importance of primary iron and steel ín
the index of industrial production was 7.8 percent;
by 1964 it had fallen to 5.2 percent in I7 years
the importance of primary iron and steel- in industrial
prod.uclion had droþped by one-third."l

rRepoz,t to the Pz,esident on SteeL
Economi c Advisers (headed by G.

Pz,ices, the Council of
Ackley), April 1965, p" 22"
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Cn the contrar-y, the' Canadian s-ueel industry has

s;*-ps¡-îenceci a ::a-pi-c-l grorv'th" Doinestic shipraents of rolling mrll-

prod.lict.s rep::esents the actua.l and ¡:eali zed deinand fro¡n the

clcmes¡ì c incluLs LrV " The shipinent f i giu-res are i '

Canada
U.S"

* 1c]A'7
LJ -! I

L946 L956 L966 L969
1"9 3.9 6"4 7J

63,1* 83.3 90.0 94"0
(miliion tons)

It is clear thai the canadian growth rate is greater

than tirat of the Unitecl States" As mentioned previously, the

rapid grorvth is attributed to the expansion of steel-consuming

ind.ustri es such as construction anC coi:rsl-tmer durable industries "

The automotive procluc't agreement rvith the United States provid.ed

further s-uimulation to gxo,,tLh.2

The cleclining profit rate is another factor vrhich

hinderect -uhe rapia technological innovations in the .\merícan

sieel inclustry sínce profits are an importanl source of

investment funcls" AIso, the declining prof it treird cas-ts a

pessinistic picture ancl makes executives more cau'tiotls 'in

ICanad.ian figures: 1946 is from J" Singer, oP, cít., p" l0;
1956-59 is from SubmLssion tc i;he Standing Senate Continíttee
o-i'L Banking" Trade and Commey,ce by Algoma, Dofasco and Stelco,
l'4ay L970,-Table 7i American figures z Report to the Presideni
on Sí;eeL Príces, p" 23, anð. P,eport io 1;VLe President on i;he
Economic Posit'íon of t;he Si;eeL Industrg , p " 6 "
2 fi." shipments of rollecl S-uêêl products to the auton",.o'eir,'e and

airc:raÍl indr-rsiries as percentages of -uoial net shipnents are
L964 196s L966 L96t 196B L969
?-.:: B:% g:õ2 10-os r-0"06 L0.62

The percentag'es of 1965 anC la'ter years are greate:: than that
of Lg64. See Statistics Canada,Cat, 4l-001, vario''-rs issues'
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planning further expansion" A few figures might be he1pful.

For the United States, profits after tax as percentage of total

revenue was 6.1 per cent j.n L947, A stight rise foll-owed in
I9a,9-50 as a result of the Korean War, and the rate stood at

B per cent ín 1950" In 1951, the rate went down to 5"8 per

cent. Another round of slight increases occurred in the period

1955-57. From 1958 onwards, the profit rate has been declining,

with some minor exceptions around 1964-66t to 2"7 per cent in

1970 " 
I A comparison between the Canadian profit rates and

American profits ratesr âs averages of the periods L962-65 and

L962-64, respectively, is shown as follows:2

Ratro of Ratl-o ot Ratr-o of Protr-ts Atter
Profits Profits After Profits After Taxes per Short
After Taxes to Taxes to Ton of Crude
Taxes to Total lota1 Steel- (U. S . $/
Total Shareholders Revenue short ton)
Assets Equity

Canada 7 .2e" 11 . l?

u.s"r, 4"52 6.72

B "9%

E ?O-J - J_ô

$1r.4s

$ 7"27

*1962-64 
"

The above comparison shows that the American profit

rate, of the steel industry has fallen far behind that of Canada.

This explains partly why the American steel industry was lagging

behind Canada in BOF diffusion before 1967 "

lsee Report to the President on SteeL Príces , p. 36, and The
SteeL Industry Today: A Report to the Cabinet Committee on
Economic PoLicy, submitted by Domestic Member Companies of
American Ïron and Steel Institute, May L97I, p" 25.

2J. Singer, "The Structure and Performance of the Canadian
Primary Iron and. Steel Industryrt, The Impact of Iz.ade
Lib ez,aLization: 2 , p. 5f , Tabl-e 26 

"
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The third factor is competition. The American steel
industry is highly concentrated. rn terms of steel ingot
capacity, the two largest firms, namely, u.s. steel_ and Bethlehem,

accounted for 43"7 per cent of total- capacity in 1960. The eight
major firms accounted for 76 per cent whil-e the remaini_ng 72

small firms accounted for only 24 per cent. I rn terms of raw

steel output, the four largest firms accounted for 54 per cent
of total output and the eight largest firms 75 per cent of total
output in 1967. The evolution of the concentration ratio in
terms of val-ue added in the steel industry are as folrows:

Year
FourLargest -@

Firms Z Firms Z

19 47
19s4
19 5B
l-963

50
55
53
49

66
7T
70
6B

source: Repont to tvte pv,esident on steeL prices, the council-of Economic Advisers, April 1965, p. 33"

Thus¡ wê see that the concentration ratio, either
expressed in terms of capacity, output or val_ue added, has been

quite high and has remained more or less unchanged. Although

the number of firms in the United States is much more than that
in Canada, this does not mean that the American steel ind,ustry

has been more competitive than the Canadian industry. The reason

is that a large number of them are small firms and they account

for only 10 per cent of th,e total mitl product shipment while

t".. S. Bain, Industz:tal Tnganization, 2nd edition, p. 140.
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the 20 largest firms account for 90 per cent. i The small- firms

apparently produce only negligible effects on the market.

The condition of entry to an industry can reveal the

degree of competition within the industry. Tn the steel- industry,

the entry of small firms is not really difficult, as exemplified

by the recent rise of the so-called mini millr2 which uses the

electric furnace and a high proportion of scrap. But for a big,
integrated firm, the barríer to entry is high. Apart from the

heavy capital costs reguired, the access to high-grade iron ore

and the economies of large-scale production constítute the

barrier. High-grade reserves of iron ore are held by established

big firms, and the economies of scale enjoyed by existing big

integrated firms are more than enough to scare off potential

entrants. The barrier to entry has weakened only after the

introduction of cost-savinq technologícal innovations in the

industry.3 In addition to the barrier to entry, restrictive

practices such as price-fixing and price-leadership \,vere

prevalent. The basing point pricing system is a typical

example.

tReport to the Presídent on tLte Economic Position of the Steel
IndustoA, p. 35.

2see A. T. Demaree, "Steel: Recasting an Industry under Stress",
Eortune, March 1961, p. l4l.

2 _. . -'J-þ1,d.., p. /b.
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In other words, the competitive forces of the American

stee'l industry are weak" The lack of strong competitive forces

is one of the factors which l-ed to the slow diffusion of techno-

logical innovations, exemplified by the diffusion of BOF in our

case. It also explains why BOF diffusion in the United States

lagged behind that of Canada's before L967. The theory that the

lack of competition l-eads to slow diffusion of innovations is

advanced in Adams and Dirlamfs study in which they claim that

technological diffusions, including BOF and CCM, were speeded

up beginning in L962 "only after the import threat became

serious",1 Again, as \¡re discussed in earlier sections, the

growth rate of the wage rate in the Canadian steel industry

has been greater than that in the A:nerican steel- industry and

this is believed to be responsible for the faster diffusion of

new technologies in Canada" In sum, the combination of the

slow growth of steel market, the slower growth rate of the wage

rate, the declining profit rate of the industry and the lack of

competition explain why the United. States lagged behind Canada

in the diffusion of BOF.

(d) Age of Capital Stock

Besides the above four factors, two others, namely,

the averag.e age of existing capital stock and the proportion of

capacity unused, seem to h-ave some influence on the diffusion

lThe United States was traditionally a net-exporter of steel-
products but it has become a net-importer since 1959 " See
W. Adams and J" B. Dirlam, 'tSteel Imports and Vertical
Oligopoly Power", American Economíc Reuieu, September L964,
p" 647 

"
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of new technoJogies. We have includ-ed the "age" varíable as a

factor of consideration in our discussion of Canadian intrafirm
diffusion. It is also true for industry-wide diffusíon since

an industry is an aggregation of individual firms. An ind-ustry

with a young average age of existing capital stock will hesitate

to replace all of it by new machines and equipment. However, in
comparing two industries wh-ich are in different development

stages, it may not be necessary that the one with younger average

age of exj-sting capital stock wiJ-l always have slower diffusion
of new technologies than another with older average age. When

an innovation occurs, it is true that the industry with an ofder

age of stock will "respond" earlier than another ind.ustry with

a younger ag:e of stock, assuming other things being equal. But

as the diffusion goes along, th-e ind.ustry at its prime of growth,

although it possesses a rel-atively young age of existing capital
stock as a result of the newly added new machines and equipment,

wilJ- still press for further additions.

Unused capacity is another factor which might be

considered in the diffusion of new technologies. When the

underutilization rate of capital stock is high, the incentive

to add new stock is weak. But if a careful- calculation reveals

that the sum of the operating and capital costs per unit of

product by using new technology in the foreseeabJ.e planning

horizon is J-ess than the present operating cost per unit product,

then unused. capacity woul-d not constitute a híndrance to

technological dÍffusion. In fact, it could be true that the
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greater the proportion of unused. capacity, the more urgent wil-l
be the need to replace the oJ-d equipment by the new" The reason

is that if the expected. savings of operating costs and time by

using the new equipment is substantial, then the competitive

position of steel producers in terms of the speed of prod.uct

delivering and price can be strengthened" Thus, there are two

forces operating at the same time. On the one hand, a high

proportion of unused capacity may discourage the addition of

new equipment. On the other L¡-and, it may also put greater

pressure on the replacement of the o1d equipment by the new.

The actual outcome depends on the relative strengths of the

two forces.

For the study of thre relationship between unused

capacity and d.iffusion behaviour, the follov¡ing figures provide

a comparison of capacíty-output util-ization ratio between the

Canadian and the American steel- industries"

l_955 19s6 1957 1958 1959 1960 1961 1962 1963 l-964 l_96s l-966

Canada 82.2 9L.2 80"2 65"2 84.3 76.7 77.0 83.4 86.5 83.7 85.3 82.2

u.s. 93.0 89.B 84.5 60.6 63.6 66.8 6s.0 63.0 68.0 77.0 78.0 77.0

Source:

Note:

Canadian figures are from Table V-3" U"S. figures are
f rom J. Singer , op . cit. , p. 18 , Tabl-e 7 .

The capacity-output utilization ratio will be shown
to equal capital utilization ratio under some
assumption in Ch-apter V"

We noted previously tlrat the first BOF was adopted in

the United States in 1955. The diffusion of BOF speeded up from

1961 onwards and the proportion of BOF capacity in total steeJ-
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capacity became greater t.han that of Canada Ln 1967. Vühat we

are concerned with here is wheth-er the diffusion of BOF

is affected by unused capital capacity, represented by the

output-capacity utilization rates shown above. It is surprising

to note that from 1955 to 1957, the utilization rates were high

in the United States, meaning that the unused. capital capacity

vias 1ow, yet only two units of B0 tons per heat BOF were ad.ded

by Jones and Laughlin within this period. A few more units of
BOF were installed from 1958 on and the pace of diffusion
accelerated after I96L. But the output-capacity utilization
rates of the 1958-63 period in the United States were around

60 per cent, meaning that about 30-40 per cent of capacity rvas

unused. Nevertheless, it was this period which witnessed the

rapid diffusion of BOF" Thus, the concl-usion is that unused

capacity has been a positive factor in BOF diffusion in the

United States.

H. Summary and Concl-usion

This chapter has been mainly devoted to an enquiry

into the diffusion of new technol-ogies, mainly represented by

the diffusions of basic oxygen furnace and continuous casting

machine, in the Canadian steel- industry" With respect to
diffusion of BOF and CCM in Canada, the find.ings are". (a) the

diffusion of BOF has been faster than that of CCM since BOF

saves more capital cost per ton of ra.w steel than CCM

and hence is more profitable than CCM. The other
reason could be that th-e early CCM was not as perfect a substitute
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tor the traditional- technology as in the case of BOF. (b) The

delay in using a certain innovation by a firm is related to the

profital:i1ity of the innovation to the firm and- the size of the

firm" Contrary to Mansfield's belief, it is argued that the

larger the size of firm, the longer would be the period of delay "

Tlris is confirmed by the fact that Dofasco, a smal1 firm in
Canada, adopted BOF much earlier than Stelco. (c) The average

age of existing capital stock, unused capacity, market share,

firm's profit rate and liquidity ratio are considered as

determinants of intrafirm diffusions.

For the industry-wide diffusion, market growth-, the

growth rate of wage rate, industry's profit rate, competition,

averag'e age of capital stock ancl the capacity-output utilization
ratio, are consídered to be important variables. A comparison

with the diffusion pattern of BOF in the United. States yields

the folJ-owing conclusions:

(1) The small- sizes of early BoF and CCM !{ere suitable
for the scale of operation of Canadian firms at the time they

appeared but not economical for the large scale prod.uction of

American fj-rms" This explains the l-ead of Canadian firms in
adopting them and partly also their rapid diffusions 

"

(2) The cause of delay in the use of BOF in the

united states partly l-ies in the fact that the existing capital
stock was very young. I4ajor investments in the open-hearth

furnace were made immediately before BOF was adopted in North
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America" Although similar investments were made in Canada

about the same time, the Canadian steel industry was growing

and so space \,{as available for the immediate ad.dition of BOF.

(3) Other factors which d.elayed the innovations were

the American steel industryrs decl-ining profit rate and its
J-ack of competition in the early period. Diffusion became

faster on11z after import competition was fe1t. The capacity-

output utilization ratio has also affecLed the pace of BOF

diffusion. In the case of the United States, the low utilization
ratio coincides with the adoption of the basic oxygen furnace.

(4) The d-ivergence in the behaviour of BOF diffusion
in the two countries can be partly explained by the growth rates

of the wage rates ín the two industries. The growth rate of

the wage rate has been gireater in Canada and this shortens the

economic life of machinery and equipment which prompts the

introduction of the innovations.

Productivity growth is not only a function of the

availability of new technology but moïe important, also a

function of the diffusion of technology. Have the differences

in the d.iffusions of BOF and CCM between Canada and the United

States produced differing effects on the net output growth of

the steel industries in the two counLries? Have there been

any notable changes in the production relationship of the two

industries during the process of technological diffusion? These

are the topics which will be discussed in subsequent chapters "
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Chapter V

TIIE RESIDUAL MEASURE OF TECHNOLOGTCAL CHANGE __
SOLOfd APPROACH

As was indicated in chapter rrr, the measurement of
technological change will be carried out by using solow, Denison

and production function approaches. The purpose of this chapter

is to discuss several conceptual problems of measurement, the

data requirement and the application of the sorow model to the

study of technological change in the canadian steel ind.ustry

for the perioo 1946'69 " For comparative purpose, some references
to the American steel- industry will also be made.

A. The Eate of Technological CEnge

A rise in labour productivity could be due to a rise
in capitar-l-abour ratio and/or an advance in technology. The

solow approach presented in this chapter is to answer the

question: how much of the rise in labour productivity o.f steel
production is attributable to the increase in capital-labour
ratio and. how much is attributable to the advance in technology?

Technological change is defined here as a residual

measure v¡hich accounts for what is left over after ded.ucting

a weighted growth rate of capital per labour unit from the

growth rate of net ouLput, In an industry such as the iron
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and steel millsri the basic factors of net output are labour,
fixed capital and working capit.al. Assume the production

function to be of the form:

A = min Uft)f(K,L) i B(t)s(r)l (Equation 5 . 1)

where A is neL output, K denotes fixed capital, tr denotes

labour and I represents working capitar" A(t) anð, B(t) are

two shif t factors. v'Torking capital includ.es stocks of goods

in process and warehouse stocks of finished. goods. of the

three inputs, labour and fixed capital are substitutable for
each other to a certain extent but neither labour nor fixed
capital is substitutable for working capital. since (KrL)

and (I) are not substitutable, it implies that the small_er

one, or the minimum one j-n the case of more than two factors,
will constitute the limiting factor. As working capital
itself is created in the production process, its quantity can

be increased at will. Thus, working capital does not constitute
a límiting factor" But the creation of worl<ing capital depends

on the avail-ability of l-abour and fixed capital" Tn other

words, working capital becomes a limiting factor only at a

given capital and labour combination. Thus, the limiting
factors are in fact labour and fixed capital. Then, net

output, Ç, becomes a function of labour and fixed capital

lAccording to "Standard. Industrial Classification", the
industry titled "iron and steel mills" íncludes establishments
which manufacture pig irons and ferro-alloys, ingots and
steel- castings, hot and cold rolled steel and the operation
of coke ovens in connection with blast furnace. See
Statistics Canada, Catalogue no" 4I-203, 1963 issue, p. 3.
The term "iron and steel mills" is j-nterchangeably used with
"the steel industry".
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alone. Thus, if the following is true:

B(t)g(I)>A(t)f(K,L)

then the production function can be written as:

a = A(t)f (K,L) (Equation 5 "2)

Two assumptions are made. First the production
function represented by Equation (s.2) is homogeneous

of degree one and, second, perfect competition prevails. The

first assumption implies the existence of constant returns to
scale" That is,

xrQ = A(t)f(xK,^.L)

where ¡ equals to unity in the present case. The second.

assumption implies that the two factors K and L are paid

their respective marginal products. The assumgrtion of constant

returns to scale in turn imply that the sum of the shares of
capital and labour is always equal to one:

WX+WL=1

As we have shown in Chapter IfI, if we differentiate
Equation 5.2 with respect to ú and use the marginal- productivity
relatíonshipr w€ woul-d. obtain the relationship

o

Aqk-:-=Á-w- (Equation5"3)A q "Kk

- a . K ffi"o Åwhere q = i, k = î, Wx = fr- and fr represents the rates of

technological change. The meaning of the above model can also
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be illustrated as follows" Fj-rst, rewrite the production

function of Equation (5 "2) asz

q = A(t)f (k,1)

This means that output per man-hour is a function of
technol-ogícal change and capital per man-hour. Thus, the

movement between Èwo points on a q-k space is a mixture of the

shifting of the curve (technological change) and the movement

along the curve (change in capital per man-hour, k) " The

purpose of solowrs model is to disentangle the technological

change factor from the mixture.

(a) Over.eslim?t.:l-on 
- gj_Capital StocE

Before calculating the rates of technological change

by using Equation(5"3), a discussion on the nature of capital
stock data might help us in grasping the true meaníng of
technological change so derived" Our capital_ stock d.ata are

constructed by the perpetual inventory method. by Statistics
Canada" Generally speaking, the perpetual inventory method

adds purchases of capital goods over a number of years to
obtain an industry's capital stock in a particular year. The

number of years depends on the averagie economic, life assumption

of capital goods.r fn the iron and steel indusLry, apart from

machinery, most capital equípment vary in size and design.

lFor a description of the perpetual inventory method, see
Statistics Canada, Catalogue no. L3-522t MethodoLogA: Fiæed
Capi.taL FLous and Stocks ín Manufactuníngr pp. 42-53"
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AccordingLy, their costs are different. Tn deriving a series
of capítal formation, capital expenditures of various projects
are added for each year" A number of problems might arise in
this connection. As mentioned above, production equipment such

as a blast furnace or a steel furnace is not a machine which can

be bought and put into immediate active production. rt usualry

takes more than one year to complete the project and put it
into actual use. Even a new installation of some kind, which

consists of a group of machines and equipment, requires an

experimental period" In any event, a time lag between the

spending of capital expenditures on new projects and the actual
use of these projects exists. t l{owever, the way our capital
stock data are constructed, no recognition is taken of
this fact" The capital expenditure of a certain year is counted

as the capital formation of that year. But the construction

or equipment represented by the additional capital expenditure

does not contribute to the production of the year when the

capital expenditure is recorded. The overestimation of capital
stock entails the overestimation of capital services going into
production" As a result, recorded total productivity of a parti-
cular year when the ad.d,itional capital expenditure is recorded has

a downward bias, for the net output remains unchanged, or rises

slower than does the total ínput servi-ces. On the other

lAn excellent example is that The Steel Ccmpany of Canada
announced in L969 the initiation of a project to replace eight
open-hearth furnaces by three units of oxygen furnaces.
The project will not be completed until L974"
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hand, recorded total productivity rises more than it. should

when the project which was started a few years ago is finally
completed and put into actual production, since noL all of the

services provided. by the newly completed project are counted

as additional inputs for the year in question" All these will
contribute to the viol-ent fluctuation of the rates of techno-

rllogical change l#l and the rechnotogical index lt(t) l, if rheylA) J ---- l.-'-'J',
are not corrected"

Another possible source of overestimation is the

inclusion of repair expenditures in capital formation. Repair

expenditures, whi-ch are spent to maintain the normal working

efficíency of capital equipment, cannot be counted as capítal
formation since, stríct1y speaking, there is no increase in
capital stock or capital service" Nevertheless, there are

cases where innovations are introduced with respect to repairs"

If a part of some equipment is to be changed, the latest design

is frequently adopted íf it is mechanically possible" In

reality, it is difficult to sort out the proportions between

pure repair and repair with innovation.

A similar problem arises when expenditures used to

install pollution control facilities are included in capital
formation" Pollution control, either adopted voluntarily, or

when compulsory, prevents contamination but contributes nothing

to the actual production pey se " Record.ed total factor
productivity falls since the expenditure on pollution control

is counted as part of the input service. However, this
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problem is not serious for the period which we are concerned

with, for pollution control is a rel-ativery new event. Even

if some expenditures on pollution controll existed for some

years in the sixties, the amounts are believed to be negtigible
compared with other major expenditures.

A compensatory factor to the overestimation of capital
stock might be the increasing use of shift work, ir it exists
at all" The increase in the number of shifts usually from

two to three shifts increases the intensity of capital use

which is equj-valent to an increase in capital stock. But

the advantages of increasing shift work would be reduced if
depreciation of capital equipment accererates when the

intensity of use is increased.2 The counterbalancing force
of shift work is further weakened since steel production in
canada has always operated on a three-shift basis, and it has

been impossible to increase the number of shifts. coke oven,

blast furnace and steel furnaces (except electric furnaces)

are operated 24 hours a day and continuously throughout the

year in order to preserve the heat until they need relining.
It is true that works in the rolling mill stage could be

slackened or increased depend.ing on the demand condition.

lgoth Dominion Foundries and. Steel Ltd.
of Canada Ltd. reported that they have
for pollution control in the sixties.
Reportt L969t p" 7¡ and Stelco's AnnuaL

2T. Haavelmo, ,4 Stud.g ì.n the Theory of
Chicago University Press, 7960), p" 84.

and The Steel Company
spend $14 million each
See Dofasco's Annual
Report , L9 66 t p. L4.

Inuestment (Chicago:
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Nevertheless, there is no strong indication that shift work

has increased the intensity of use of capital stock in the

steel industry"

(b) Utilization of Capital Slock

Thus, if the shift work factor exists, it cannot be

expected to have exerted adequate correcting effect to the

overestimation of capital stock. The overestimation caused by

the time lag between investment and project completion can only

be corrected by reconstructing the capital stock data on an

indivídual establishment basis, which is an enormous task in

itself "

In addition to the overestimation problem, there is

the underutilization problem of the completed capítal stock.

As is well known, prod-uction falls during recessions and rises

when strong demand is anticipated. The fluctuation in the

degree of capital util-ization is particularly obvious during

business cycles" The fluctuation in the utilization rates of

capital causes violent fluctuations in the productivity movement

as does the overestimation of capital. The only way to correct

for underutilization of capital stock is to multiply the capital

stock or capital service series by the capital utilization

rates.

For the Canadian steel mill industry, capital utilization

rates are not available, buL capacity output utilization rates

for steel furnace are available in various issues of Census of
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Manufactuv,e (Statistics Canada, Catalogue no, 4L-203) " Capacity

output is d.efined as "the production flow associated rvith the

input of futly utilized manpower, capital, and other relevant

factors of production" and capacity output utilization is the

ratio between actual output to capacity output. l Under the

assumption that capital suffers the same degree of unemploy-

ment as labour capacity output utilization is the same as

capital utilization. The unemployment of labour should refer to

the ratio beLween the actual- man-hours employed. by the industry
at a specific time period, and the man-hours needed to operate

all productive facilities when the industry is in peak prod.uction

condition. Let tr be the actual man-hours employed and I be the

man-hours needed to operate al-l capital equípment, including
structures and machines at peak periods, The degree of labour

util-ization is then equal to L/T" By assuming that it equals

the degree of capital utilization, i.e.,

RL
-=_= ^KL

where K is the actual capital service used and 3 is the total
capital service available, capacity output utilization can be

shown to equal capital util-ization. lVríte a general neo-

cl-assical production function as:

lsee L. R. Klein, "Some Theoretical Issues in the l4easurement
of Capacity", Econometrica, L960, p. 275; and L" R. Klein
and R" S. Preston, "Some New Results in tlre ìdeasurement of
Capacity Utilization" , American Economic Reuieu, L963,
p. 42"

(Equation 5.4 )
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A = f (K,L) (Equation 5"5)

for the actual production relationship" The capacity output
production function can be written as:

(Equation 5"6)

The assumption of Equation (5.+) implies

=K--f,K = i and L: i. (Equation 5"7)

Substitute (5.7) into (5.6) r wê get:

Ã - -[x r,)q _ J |.f,TJ

1

A = îf(K,L)
By virtue of Equation(S.S) it becomes:

1

a =i. a

Hence, À =1-. Thus, 9={.aaK
ft is obvious that steel furnaces are only one of

the many kínds of capital equipment in steer production.
However, it is also the most important kind of capital equipment.

Moreover, there exist, more or less, fixed. proportions between

the capacities of various kind,s of capital equipment. The

origínal design of, for instance, blast furnaces and steel
furnaces' must be such that the total output of blast furnaces,
say 200 tons of pig iron a day, is exactly absorbed into the

steel furnace" Otherwise, either persistent und.erutilization
of the steel- furnace or production bottl-enecks might arise.
Thus, it seems to be appropriate to assume that al-l- other
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capital equipment will be used to the same extent as steel
furnaces. We may therefore use the capacity output utilization
rates of steel furnaces as a proxy for total fixed. capital
utilization rates. The series wirl be used to multiply the
capital service series to obtain an adjusted capital service
series. This series will then be used to calculate rates of
technological change and the technological j-ndex.

B. Data Requirements
%

The data for the steel_ industry are relatively
complete compared to other industries" Iiowever, there have

been changes in classification and reporting procedures

which require some adjustments.

certain changes in classification, definition and

procedures took place in 1960, L967 and. 1962"r

(i) 1960 a revised Standard Industrial
Clas sification;

(ii)

( iri)

lSee Statj-stics Canada,
MLLLs I 1963, Concepts

Catalogue no. 4L-203, fron and Steel
and Definitions"

L96L a new definition of establishment; and

L96I an extension of the definition of

establ-ishment to include the non-

manufacturing activitíes of manufacturing

establishments.

(a) The Data for the Canad.ian Steel_ Industr
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(i) Revj-sed Standard Industrial
Classification (SIC)

Statistical data covering the period prior to 1960

are based on the L94B SIC. In 1960, a ne\.v Standard Industrial
Classification which classified all manufacturing industries

into 140 industries, instead of the 135 under Lhe L94B SfC,

\iras introduced. The implication of the change in SIC for the

iron and steel mills industry, is that coke and gas operations

in the indust.ry were not counted as a part of the industry

before 1960, but it has been so counted since 1960.1 In

Tables 1A and IB of 1960 issue of fz,on and SteeL MiLLs

(Statistics Canada, Catalogue ro: 4L-203), the new SIC has

been applied to 1959, I95B and L957, and this provides a basis

of comparison between the old and new SIC. The following

table shows the difference before and after the change"

MANUFACTURÏNG ACTÏVITY AND OLD ESTABLfSHMENT CONCEPT

Number of Employe_es -Salari.es anÈ Wages (S)
Ol-d SIC New STC % A Old SIC New SIC % A

L957 35 ,9 44 37 ,r39 2 "32 17 0 ,779 ,346 L7 6 i99L ,352 3 .64

1958 30 ,26L 3r ,346 3 " 5B LAB t023 1062 153,739 ,4L3 3. 86

L959 34t942 36,r82 3"54 183,000,151 L84,459,0L4 3.53

Note: These d.ata cover only manufacturing activity, not total
activity "

Source: Statistics Canada, Catalogue no. 4L'203, fron and
Steel xl¿LLs , 1960, p" 6, Tabl-es 1A and 18"

lsee Statistics Canada, Catalogiue no. 4I-203, Iron and Steel
MiLLs, 1960, p" 5.
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rt can be seen from the above table that the effect
of the change is between 2 Lo 4 per cent.

(ii¡ New establishment definition (1961)

The definition of the reporting unit -- the

establ-ishment -- \^/as sligtrtry changed in 1961. The changes

before and after 196r can be illustrated. in the following
quotation: 1

"Prior to 1961, some establishments were required
to submit two or more separate reports when they
were engaged in activities which v,/ere classifiable
to different industries. Beginning with L96Ll
separate reports for such activities are reguired
only in cases where accountíng records can provide
the necessary input and output elements of principal
statistics. "

other aspects of the change incl-ude the excrusion of those

establishments which are engaged in activities other than

manufacturing" Generally speaking, the change in the definition
has narrowed the scope of coverage since it discards those

units which are too small and lack those principal statistics
cited in the new definition of establishment, and also those

units which are not engaged in manufacturing activity" The

effect of the change in definition can be seen from the

comparison in the foll-owing table.

tThe establishment is defined. as "The smallest unit which is
a separate operating entity capable of reporting all the
following principal statistics: Materials and supplies used,
Goods purchased for resale as such, Fuel and power consumed,
Number of employees and salaries and wages, Inventories,
Shipments or sales." See Statistics Cañada, Catalogue no.
4L-203, L962 issue, p" 25"



COMPARISON OF PRINCIPAI STATTSTICSI TRON AND STEEL MILLS,
CAÀ¡AD¡\, BEFORE AND AFîBR TIIE CHANGE TN THE

DEFIN ITIOT.] OF IjSTABT.ISHMNNT

(Basis: 1960 SIC)

DefiniLion Empl-oyees

Salaries
and

I'lages

Value Added
by

Manufacture

Selling
Val-ue of
Factory

Shipments

t957

1958

1959

1960

l'lew 42
old 50

Nt>rv 42
old 50

IIew 40
oId 48

tTev¡ 39
old 4B

36,004
37 ,r39

30 r 570
3L t346

35,320
36 t1_82

35,364
36,472

($)

L7L t992 r639
r'16r99.Lt352

I49,773,487
l-53,739,413

185r273¡835
rB9 t459fo14

rB8 r5B2 r47r
L93,892 r738

($)

3ll- f 393, 545

403 t3g2,320

36'7 r993 ,864
375f384,276

($)

7rr tLLs ,773
733,603,689

594 t796 rL22
6r0, 843 ,55I

789,Bf0r663
808,797 t66r

734,483 t2L7
756 t 456 t392

Sotrrce¡ Stal-istics Carrada, Cat-.aloguc no" 4 L-203, Ifuon and SteeL lLiLLs,
. I961., p. 8, TabJ-e 18; and 1960 issue. TaÌ>Ie 18. p. 6.

trle ttrus see that the nevr definition has reduced the

number of esta-blíshments. AccordingLy, the figures under the

those under the old concept"ne\'ü concept are less tlr.an

(iii) ManufacLuring ac'b-ívíLY
and total activitY

Another change also occurred in 1961. .Before L96It

the figures reported cover only manufacturing activity. Total

activity is the sum of manufacturing acti-vity and nonmanufacturing

acLivity, ald it relates to "aIl operational data and exclucles

such nonoperational items aS rent, inLerest and dividends". l

The fol-Iowing provides a comparison of the principal statistics

in 1961 under the manufac'i:uring ancl total- activity concepL.

lSee Statisti-cs Canada, Catalogue no" 4L-'203, fv'on and SteeL
MiLLs, L962, ExPlanatorY l{ctes
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Number Salaries
of and

Emplóyees Wages
Value
Added

Manufacturing activity
Total activity

34,546

34 ,7 49

($)

L93 ,112,000

L93 ,712 
" 
000

($)

4II | 494 ,000

405 | 187,000

source: statistics canada, catalogue no" 4r-203, rz,on and.Steel MiLLs, 1962, Tables l and 1A, p" 4"

The number of employees and sâraries and wages under

total activity concept are both greater than their corresponding

figures under the manufacturing concept. However, the value

added figure is smaller than that under manufacturing activity
concept. Value added is obtained by subtracting all expenses

from the value of production.l rf the var-ue add.ed of the

nonmanufacturi-ng sector is less than its expenditures, then the

value added of total activity is l-ess than that of the manufac-

turing activity" This could be due to other reasons as well.2

1rt is actually the value of shipment adjusted for inventory
changes.

2"This totat value added figure mây, in some cases, be less
than value added by manufacturing activities as a result of
expenditures associated with non-manufacturing exceeding
revenues from such activities or because of a decrease in
inventory of goods not of own manufacLure exceeding the
mark-up on the sale of such goods." see statistics canada,
Catalogue no. 4L-203t lron and Steel MiLLs, !963t p. 29,
Concepts and Definitions 

"
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The effect of SfC change is to increase the relevant

figures since coke and gas operation related to steel production

has now been added to the industry" On the other hand, as we

have seen, the new establishment concept has reduced the number

of establishments and hence the related figures " Though these

two changes produce a compensation effect, a 9ap still remains"

Moreover, the shift from a manufacturing activity basis to a

total activity basis produces another gap" Three adjustments

are necessary to accommodate these three changes, since the

data prior to 1960 were based on the old SIC, covered only

manufacturing activity, and were under the ol-d establishment

concept. However, the data for L957 and 1961, which are based

on the new SIC the new establ-ishment concept (although they

are stil1 confined to manufacturing activity) can be obtained

from Statistics Canada (Catalogue no" 4I-203, 1962, p. 4,

Table 1) " This provides a link between the data based on the

old SIC-old establishment concept and those based on the

new SIC-new establishment concept, thus reducing the number

of adjustments to two, namely, SIC-establishment concept

adjustment and manufacturing-total activity ad.justment.

(iv) Labour service

Labour service is measured by man-hours paid" Prior
to 1960r oo "actual" man-hour figure was published in fron and

SteeL MLLLs (statistics Canada, Catalogue no " 4I-203) , and since

1960 only man-hours of prod.uction workers have been published"
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A way to get a complete series of annual man-hours is to
multiply the series of average weekly hours of production

workers and nonproduction workers separately by the numbers of
employees in each category and by 52 weeks, and then add the
two series" The average weekly hours of production worker can

be obtained from Reuieu of Man-Hours and Hourly Eaz.n'Lrugs

(statistics canada, catalogue no" 72-202t various issues),
while that of nonproduction workers and their numbers are

available ín Eaz,níngs and Houz's of hlotk in Manufactuning

(statistics canad.a, catalogue no " 72-zo4) . Following Griliches,
another way is to divide the salaries and wages series by the
series of hourly earnings of production workers. I The resulting
series represents the total- man-hours paid in terms of production

workersr man-hours. Note that the average hourly earnings of
nonproduction workers such as administrative personnel are

generally higher than those of the productj_on workers. If
marginal productivity theory is valid, this means that a man-

hour's work of a nonproduction worker contributes more than

that of a production worker. This implies that a man-hour of
the former is equivalenL to more than one man-hour of the latter.
By dividing the salaries and wages series by the average hourly
earning series of production workers r w€ have converted the

man-hours paid of nonproduction workers into production

lsee Z. Griliches, "Prod.uction Functions in Manufacturing:
some Pre.liminary Results" , The Theorg and nmpíTicaL AnaLysis
of Pz,oductíon (edited by M. Brown) (New yorl<: National
Bureau of Economic Research, 1967), p" 280"
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i'/orkers' inan-holtrs" This conversion represent's a cross-sectional

adjustmen't of labour cJuality since the greater contribu-rion

obta'i ned f rom the better quality of the nonproduc tion l,¡o::l<ers

than those of -Lire produciion i,,-c::k-e-r'has been tal.,en into a-ccoun't.

The G::il icires' method of riieasu::ing -]-abour inpul is adcpted since

his measurement i-ncludes soìne labour quality acljustment.l

The Cata for salaries and viages are obtained from

varì ous issues of Iron ctnd. S-;eeL ilills ( S'tatistics Canada,

Catalogue no. 4L-203). To be useful, three adjustments have

to be rnade. The first adjustment is to eliminate the gap

betr¡een the data based on the old SlC-old establishment

concept, and the neiv STC-nev¡ establishmenb. concept" For

example, the figures are $170 ,77g t346 (old SIC-olcl establish-

ment concept) ancl $171 ,gg31000 (new SIC-neu, establishment

concept) for the year L957 
" The ratio is 1"0071" Assurning

that -uhe same relationship is maintained, the data basecl on the

old SIC-old establ ishment concepi are mu.ltipJ-ied. b¡' 1.0071

frorn L946 to 1956" irle then have a series of SIC ad.justecl,

establ-ishment concept corrected sal-aries and. ivages from Lg46

to 1961- The figures for Lg57-61 based on the nevr

SlC-new concept are pr-rbl-ished in the 7962 issue of

.Tron aitC Steel l.!¿LLs. But all these data- cover only

manuFacturing activìty. Ilence, the second adjustmen" is to
I ,h"tu are -tr,¡o catego::ies 6f lal¡our,nanely, p;:oduction r^¡orker

ancl salaried ',vcrkerin the steel industry. By dir¡iding the total
T/age ancl salary bitl- by the hourly em,ployinent cost or earn-i ng's
of the product'i on -.^/ol1l.,er, r.¡e have converLecl the salariecL -,.¡orke::s o

m.an-hours into procluction i,.'orkers' man-hour ecluir,'al-en.L.s " Since
'uheir hour-ly earnings clif fer, iheir qr,raliti es are Cì f ferent if
the rnarEi-nal p¡ocluctir,'iti' i-lìeory hol,:l.s " Tìrror-lgþ Grilj-ches' niethocl,
they a:re conr"'e::teC into a basic uni t' of labor-rr viith the sanr.e
c1ua1.i ty' .
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link these data with th-ose which cover total activity. The

latter can be found in the 1968 issue of fz,on and

SteeL MíLLs. The figure which covers

manufacturing activity only for 1961 is $193,112,000 and that
which covers total activi-ty for the same year is $193,7L2r000.

The ratio of these two figures is f"0031" The SIC-establishment

corrected series (L946-6L) is then multiplied by 1.0031 and

linked with the series 196L-69 which covers total- activity.
However, these figures are underestimated because they do not
take account of workers I supplemental benefits provided by

employers such as medical care" There are two figures which

take account of these benefits and are available in Statístics
Canada publications. They are the figure for Lg49 ($aS,000,000)

and that for 1961 (#20q,500,000) "1

SALARIES AND WAGES

(Do1lars )

Including
Supplemental

Benefits

Excluding
Supplemental

Benefits Ratio

t9 49

L96L

85,000,000

204,500,000

83,806,228

193 ,7L2 t000

L.0L424

1 " 05569

lThe figure for Ig49 is obtained from Statistics Canada,
Catalogue no" 13-513, Supplement l;o t\te fnter-fndustt,y FLou
of Goods and Sez,uices, L949, Table 1" The second figure is
from Statistics Canada, Catalogue no; 15-501, The Inþut-
)utput Stz,ucture of th¡e Canadian Economy, Lg6I, p" 316"
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The figures which exclude supplemental benefits are

the end results of the second adjustment. The annual growth

rate is derived from the two ratios and interpolated for the

missing years between 1949 and L96L" The same growth rate is
used to extend the series both before L949 and after 1961.

Hence, a series of ratios from L946 to L969 i-s constructed and

used to multiply the sal-aries-\¿rages seríes resulting from the

second adjustment. The resultant series is the corrected

salaries and wages in current dollars.

The next step is to obtain a series of average hourly

earnings of production workers" This series is published in
Reuieu of Man-Hours and HounLy Eanningsl (Statistics Canada,

Catalogue no " 72-202 | various issues) . The d.ivision of the

corrected salaries and wages by the hourly earnings of prod.uction

workers yields the seríes of production worker man-hour

equivalents. This means that the man-hours of salaried workers

are converted into production workers man-hour equivalents.

(v) Capital service

Unpublished capital stock data in constant 1961

dollars \.^/ere provided by Statistics Canada, with a breakdown

into machinery-equipment and construction" They have been

adjusted for SIC and other changes and so the data are

consistent th-roughout the whole period. We have followed

Ithe figures
Employment

for L946-50 are supplied
Section, Labour Division,

by Mr " Ouel-l-ette,
Statistics Canada.
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Grilichesr argument that gross capital stock is the rerevant

concept for prod.uction function analysis"

"But the value of ol-d machines will decl_ine because
their expected life span is declining, because better
new machines have become available, and because the
quality of their services deteriorates as they age.
Only the last one is a legitimate deduction to be
made from a seruice-oríented measure of capital"
It is true that there is less life left in an old
machine, but that does not mean that its product
during the_current year is necessarily any \^rorse
for that. " I

In deriving a measure of capital service from

machinery-equipment and construction, the durability problem

has to be taken into account" The life assumption of
machinery-equipment is 15 years and that of construction is
30 years. Both Haavelmo and Griliches have stressed the

importance of the durability problem in constructing an

accurate capital series" What Haavel-mo suggested is to group

the various kinds of capital according to their durabilities
and consider a change in the average durability of capital as

a relative change in volume of the various kinds of capital.2
Griliches, however, observes, "A $100 machine that will l-ast

five years will have roughly twice as large an annual- flow of

services (in dollars) than another $100 machine whose expected

length of life is ten years."3 In our case, since an item of

lSee Griliches, op. cit.
2r. Haavelmo, op" cít.,
3see Griliches, op 

"

, p" 3L4.

p. 98"

cit. , pp" 31-4 and 320"
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construction such as a building is
as long as a piece of machinery or

the service provided by the latter
as valuable as that provided by the

cost the same.

.1 1rrs = 1 + 77øT + 77lfp + ""

assumed to last tv,¡o times

equipment, this implies that
in a year is roughly twice

building if the two items

- fi¡, = 10.83183

Thus, in combining the service of construction and

that of machinery and equipment, the latter should receive a

greater weight than the former" It is assumed here that service

flow of capital is proportional to capital stock. The method

of deriving the appropriate weights is as fol-rows. 1 Assuming

a discount rate, the present value of the flow of annuity which

covers a specified period of time can be calculated. The

weight is then obtained by dividing unity by the present val_ue

of the item in question" In our case, the discounL rate is
the average interest rate of ten industriars over the period

L94B'69, provid.ed by the Bank of canada in unpublished. form.

It is 5"1061 per cent. The present value of $f annuity over

the period of 15 years is given as:

Lm7 = 0"09232

Similarly, the present value of $f

of 30 years is:
annuity over the period

W1

lsee also Griliches, op. cit", pp" 3L4 and 320.
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7ï¡o - 1 - T+ÐT - #+ ... + TT#n = 7s.s6ss6

1I,/z = EøøO = 0"06264J. .

t^/L and w2 are the weights used to multiply the values
of machinery-equipment and construction, respectively.

K = Wr" machinery-equipment a ll2. construction

# = machinery-equipment - # construction.

rct $ = K*. Then K* is the measure of total capital serviceIrl 1

in the iron and steel- mills industry.

(vi¡ Valùe added and labour share

rn addition to man-hours and capital servicer wê also
need value added in constant dollars" This is provided by the

index of real domestic prod.uct in the steel industry published
in rndeæ of ReaL Domestic Pz,oduct ba rndustry ( 1g 6i. Base)

(Statistics Canada, Catalogue no. 61-506; and Statístics
canada, catalogue nos. 61-510 and 61-005. The latter two

publications are the revised issues of the original publication. )

To convert the index into vailue added in constant

1961 dollars, the figure of value add.ed in 196r ís needed.

This figure is $350,200r000 taken from statistics canad.a

(catalogue no" 61-510, p. 87). Note that this figure is less

than the corresponding figure which is reported in statistics
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Canada (Catalogue no " 4I-203) " 
I The reason is that those

figures reported in catalogue no. 4L-203, stil-l incl-ude the

cost of advertisLng, insurance and other business expensesr2

whil-e the figure reported in catalogue no. 6l-510, does not
include these items. Thus, a new series of value add.ed. in
constant dollars, which is net of these items, is obtained

by multiplying the series of real domestic product index of
iron and steel mi1ls by $3so ,2oo t000, and d.ividing by 100.

The above describes the procedure of obtaining a

series of value added in constant dollars. For the purpose of
calculating labour share¡ we need a series of value added in
current dollars, since our data for salaries and wages are in
current dollars" simil-ar to the above procedure, severaf

adjustments have been made to obtain a consistent measure of

current dollar value added" The original data of value

added in current doll-ars are obtained from I y,on and

Steel MiLLs (various issues) . There are three

adjustments to be made" First, an adjustment is need.ed to

accommodate the src-establ-ishment concept change" The data

of value added of manufacturing activity based on the old

SIC-establishment concept are available from L946 to 1959.

Those based on new SIC-new establishment concept are available

for 1958, L959, L960 and. L96r. The data of the two overlapping

lThe corresponding figure is $405 tLB7 r000.
2See Statistics Canada, Catalogue no. 4L-203, fz,on and. SteeL
MiLLs, L963 issue, Concepts and Definitions"
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years, namely 1958 and 1959, provide links between the data

based. on the old src-establ-íshment concept and the nev/, and

1958 was chosen as the link. The ratio of the figures for l-958

is L.02r21 which is used to multiply the data based on old src
from L946 to L957" we then have a seri-es of val-ue added of
manufacturing activity which is corrected for the SIC-

establishment concept change. second., we have to derive a

series of val-ue added of "total activity" from the availabl-e

series of value added of "manufacturing activity". In the

1962 issue of rz,on and SteeL MiLLs (p. 4).

the value ad.ded of manufacturing activity is reported as

$411 1494,000 and that of total activity is reported as

$40S,L87 r000" As previously noted, one of several reasons why

the latter is smaller than the former is that the expenditure

of the nonmanufacturing sector is greater than its revenues.

The ratio of the latter to the former is 0 "98467 . Thus the

series coveringi L946 to 196L, which is SIC-establishment

concept corrected, is multiplied by 0"98467" This gives us

a series of total activity value added from J-946 to L96L" The

value added of total- activity of the subsequent years can be

obtained from the 1968 issue of the same publication (Catalogue

no. 4I-203)i " We thus have a complete series of value added

of total activity from 1946 to l-969 " Finally, the series is
adjusted for intermediate service inputs inclusion. It has

been noted previously that the value added. figures reported in
rz:on and steel MiLLs still- inc]ude the cost of advertising
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and other int.ermediate inputs" Two value added figures which

do not incl-ude th-ese items are tlre value ad.ded of 1946, which

is $I30r000,000, and. that of 1961, which is $350,200r000.1

These two figures are, of course, less than the corresponding

figures which include intermediate service inputs.

Value Added
(Including inter-

mediate service inputs)

Value Added
(Excluding inter-

mediate service inputs) Ratio

79 46

19 61

($)

136,g0Brg35

405,1_87r000

($)

t_30,000,000

350r200r000

0.9 4953

0 "86429

Similar to the procedure taken to adjust the salaries
and wage series, a compl-ete series of ratios is construcLed from

the two ratios in the above table by interpolation using the

growth rate. The total activity-SIC-estabtishment corrected

series of value added is multiplied by this series of ratios.
The resultant series is the final value added data in current
dollars "

Using the salaries-wages and value added data,

labour share is calculated simply as the ratio of the former

to th-e latter. Capital shares are obtained by subtracting
labour shares from unity"
lThe fírst figure is obtained from Statistics Canada, Catalogue
no. 13-513, L949, Table t; and the second is from Catalogue
no. 61-510, p" 87. Although there were conceptual changes
between the reports of the two years, major changes were in
public administration and defence. As far as the j-ron and
steel mills industry is concerned, the data of the two years
are comparaþle. see statistics canada, catalogue no" 6l_-510,pp" l-1 and 15"
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(b) The Data for th-e American Steel Industry

For the purpose of comparison, similar tests using

statistical data, for the American steel industry, will be

cond.ucted" The value added and gross fixed prant and equipment

figures are available in current dollarst and these v¡ere deflated
by a wholesale price index of:finished steel mil1 products and

a wholesale price index of metal-working machinery and equipment,

respectively, to obtain figures in constant L96I dollars. Total
man-hours worked and wages and salaries, which include supplemental

payments and other fringe benefits, were also obtained from the

same sources.2 The capacity utilization ratios of the years

1947-67 are reported in Singer's stud.y3 and those for the years

1968'70 were estimated by assuming that the increase in electric
furnaces capacity is offset by the decline in open-hearth furnace

capacity, since published data on capacity for these three years

\,üere not available. T'he data for average hourly earning of wage-

earners for the years 1946-66 were obtained from SteeL Imponts

lvalue added and gross fixed plant and equipment data are
obtained from SteeL fmports, p. I72, and. AnnuaL Statistt,cal
Report, 1970t AISIr pp" 10 and L2" The wholesale price index
of finished. steel mill prod.ucts is taken from SteeL fmports,
p. L65, and TIte SteeL fndustz,y Today: A Report to the Cabinet
Committee on Eeonom;tc PoLicy, submitted by Domestic Member
Companies of AIST, p. 32. The wholesale price index of
metàlworking machinery and equipment is compiled from the
StatisticaL Abstract of the U.S"

2Total- man-hours worked in Lg47-66 can be found in SteeL
Imports, p. 467, and those of L967-70 | from Annual StatisticaL
Repoz,t, 1970t AISI, p. 15. The two sources are consistent so
that the continuity of th-e data is maintained" tVages and
salaries data are taken from AnnuaL Statístical Reports,
AISI (various issues) 

"

rJ. Singer, op. cit" ¡ Table 36, p" 64"



159

(p" L64) | while those for the ye.ars 1967-70 were extrapolated

by taking an annual growth rate of 8"75 per cent which was the

average annual growth rate of the past years " The complete set

of data is illustrated in Table V-2 
"

A few things should be noted, however. As \^re recall,
the derivation of labour measure through the division of wagies

and salaries, which includes supplemental- incomes and. fringe
benef its , by average hourly earnings of production ln/orkers,

which does not include supplemental incomes and fringe benefits,
performs two functions. First, it converts nonproduction

workersr man-hours into production workersr man-hours equivalents.
Second, it also converts the increase in labour efficiency ínto
basic efficiency units. As a result, the calculated labour

measure in man-hours would be greater than the total man-hours

worked, which is the sum of production as well as nonproductíon

workersr man-hours worked, provided that nonproduction workers

have had a higher pay than prod.uction workers and labour

efficiency has increased through time.
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C. Empirical Results

fn this section, the Solow model represented by

Equatíon (s 
" ¡) will- be tested by using the data for the canadian

steel industry. The data required are capital share, capital
service, labour input (man-hours) and capacity-output util-ization
rate. These data and the calcul-ated results are shown in
Talcle v-3. The sources and derivations of these data were

discussed in the last section. corumn (5) of Tabl-e v-3 is a

cumulative measure of technological level" rt is derived. by

the relatíonship:

A_=A_"(7+z)
l/ b- -L

a -ÅrLL tLL I

where z - ?, !-r = êå and .4 = i..Ar " A -----"-o
T-J

The figures in Column (6) are labour productj_vity

which is net of technol-ogical shift. Thus, the change in the

figures in Column (6) is purely a function of the change in
the capital-labour ratio. It depicts the relationship:

A- = çrL ttr/¿'f tl - J tT'r'/

The calculation procedures are j_llustrated. by the

following example using the d.ata for L947 z

nq = * = 2.6359
JJ

7¿k = ? = 2"7886
It



Lq_
q

Lk:
k

L-62 -

2"6359-2,LL3L=--mrr-
2"7886-2.L261-

0"2474

2,1_26L

0.31B4

= 0,311-6

0.2474 - (O"sLB4) (0.3LL6) 0.14B2

Tai:.Le V- 3

RATES 01. TXCIiN0L0GICITL CI{ANcE, l-946_69
I'he Canadian fr.on and Steel_ l,fitls fndustny

W"
K

AA
A

Yea r .. . (1) (D (3) (4)
lJet Output C¿rp j.t al- Capi tal À,aper.¡.1an-Hour per }lan- Slrare -T

(s) (6)

A /J-t Attt þ'/ î/tttt)

(7)
uti-
lization
Rat es

(3::iiil,T å'u', 
Ìrour

r946 2.113r
lsri7 2,6359
1s4B 2.4548
1s49 2.5r5r
1e50 2.7705
r95t. 2.9066
.7952 2.BI1I9
r.s53 2 .87',t 0

1s54 2.9575
Ls55 3.5389
7956 3.9368
re57 3.5773
1s5B 3.56TIr
19¡g /t . :r.r 7 4

1e50 3.tr723
i.961 4.3U97
rs62 4.4tsz
r.s63 \,67Tr
1%4 rt. B5B7

1%5 5. 1094

1966 4.8:og
rs67 tt.stss
ls6B 5. 2008
r s69 5 . .J7't 3

2,126I .2669 j_
2,T886 ..318r{ .r4B2

. 2.7632 .341f 5 - .0655
2, 9111 ,3t,6¿ . 0060

3.365U .rroo4 .0390
3.39r5 .ll316 .6rt58
3..4310 ,4095 -.0270
l.t .3332 :3297 - . 07 u3

\.20BT .u327 .0404
,r.9Bt1 .4rr16 .1156
5.37t17 .464-3 .oT5T
5.3734 .4189 -.09_12
5 .68gg . \zr't - . oz. 6

6.7tt9t .4¿t15 .0720
6. g¡SO ,3697 -. 0710

7.7943 .41.60 .0233
B.60B2 .\276 *.0l-57

.9.a722 . ¡t360 ,02:_5
8.9473 .It3T3 .0lt4B
9.7393 .\Sle .o.t]r
g . 8286 . 4024 -. 0583

10.1.3:15 .3570 -.O6tr2
I 1.1057 .38OB . loo5
10. 5417 . 3753 ,0530

1.0000 2.1131
r. 14 82 ? ,2957
l.o73o 2.2878
1.079¡l 2.3301
1. 12-15 2.4704
r.r'i29 2.47Br
1.1.412 2.4903
r.. 0564 2.7234
1.099r 2,6908
r.2262 2.8861
1.3190 2.9847
1 . 19 B7 2 .98U3
r.1656 3. 0606

r.2trg5 3.2952
l. l60B 3.3359
r.2459 3.4972
r.2263 3.6498
I.2527 3.7336
r.30BB 3.7r23
1..3233 3. 86rr
r.2462 3.8764
)..t.662 3.9218
1.263li 4.o5zu
1. 3514 3 .9791

.6i39

.827 7

. B3o9

.7970

.B¡go

.Bg3r

.77 40

.8246

.6139
. 82J7

. 9119

,ov¿¿
.6jzo
.84:o
.7672
.1oyo
.8337
. 864Z

.8368

.8534

,8224
.7 820

.8579

.'17 Btt

Soulce: '(iafculatecl frotu Taìrl-e V-l by using llqua.tj,on S.3.
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the technological index (A(t)), are plotted in Diagrams v-l
and v-2, respectívery. Let us examine these diagrams in turn.

AA
(a) The Rate of Technological Chanqe t -T

163

The line in Diagram V-l shows that the rates of
technological change fluctuate around. zero and. fructuate

víolently in some years. The mean of the rates throughout the

whol-e period is " 0153 " The rate of change between J,954 and

1955 is the highest, and. some rates of change in recent years

are greater than those of the previous years.

As \^ie noted in Chapters II and IV, major

innovations such as the basic oxygen furnace and the continuous

casting machine were adopted by the dominant firms of the

canad.ian steel industry in 1954" Thus, íf the whole periocl is

broken into tlvo sub-periods, namely , Lg46-54 and l-955-69, the

averag'e rate of technical change of the latter period shoulcl be

greater than that of the former period" The rate of the former

period is found to be 0.0141, lvhil-e that of the latter is

0.0163" This shows that the average rate of change was

greater in the 1955-69 period than that of 1946-54, although

the difference was smalI.
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0. t9

0. t6
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0.0s
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0.00
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(b) Technol_ogical Index: .4 (ú)

The crear upward trend of the technological index is
represented by the line in Diagram v-2. The rising trend is
particurarly obvious between 1955 and. 1969, after a great dip
in L954. The points representing the years within this period
are generally located higher than those representing the years

within the previous period I L946-54.

Assuming technology has been progressing at a constant
growth rater âD equation A(t) = Aon\t hut been fitted to the

technological index for L946-69. The result of the regression
in the log-linear form is:

Log A(t) = .Q643Z + .00B6gt

Student t (3.0L939) (S.SZ1ZZ)

D.I^I" = 7"7231_

E2 = .5884

The trend. of growth is approximately "9 per cent.

The proportion of labour productivity increase

attributable to technological change can also be calculated
from the technological index. We note that labour prod.uctivity
has increased about 2+ times from 2.Lr31 in 1946 to 5"3773 in
L969. The technological index, on the other hand, has increased

about 1"3 times" Thus, th-e proportion of labour productivity
growth which is attributable to technological change is:

t " 3514
ffi = 53"11 Per cent.
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Diagram V-2

TECHNOLOGICAL INDEX A(t;) , L9 46-69

1â

r.3 250

1.300

L,27

L.2s

1.,22

1.200al.

L, T7

1. t5

T, L2.

t.l

1.075

I.0

L.025

I .000( --{__.*'-r+--¡-*{*--ì-,--J-^=l*iJ*{__Í-*i_-+__i_-f * + * i, . i.__¡*-l9 Lí 6 47 4|; 50 51 52- 53 54 55 56 57 53 59 60 6t ó2 6tì 64 65 66 67 63 6<)
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The remainder, which is 46.89 per cent of labour

productivity increase, is due to the increased use of capital
per man-hour.

(c) Technological- Break

For the purpose of discovering

a dummy variable, D, is incorporated in
taking the technological indext A(t) ¡ âs

and time, t, as an independent variabl-e.

index is an exponential function of the

following equation is specified:

A(t) = ußo+ßtD+8zt

and its log-linear form is:

Ln A(t) = ß0+ßtD+ßzt

a technological break,

a regression equation

the d.ependent variable

Assume the technological

time variabl-e, the

where

The result of the above equation will disclose, first, whether

there existed a technological break in the Canadian steel_

industry within the period 1946-69 and second, the timing of

the break if it did exist. Tn order to avoid bias in serecting

the break, an iterative procedure assuming the break occurred

in each year separately except 1946 and L969 \^ras adopted and

L7 regressions were run. Out of these regression results,
only the one which takes 1955 as the beginning year of the

post-technological change period is meaningful in the sense

that the coefficient of its dummy variable is significant at
the 5 per cent level-.

n ={ 0 in each pre-technological change yearu \ i in eâ.ch post-technological change year.



The result is:

Ln A(t) - 0"0728 +

(3.6L30)

168

0"0779D + 0"0041_t
(2"L414) (L.6162)

0041t

0041t

This means that if we run regressions for the two

periods, namely 1946-54 and 1955-69, separately, the results

would be:1

Ln

Ln

A( t)

A( t)

0728

75070.

+ 0.

+ 0.

(pre-technological break)

(post-technological break)

It can be seen from the above results that the

constant term of the equation for the post-technological period

is about twice as much as that of the equation for the preceeding

period" These results confirm that technology in the Canadian

steel industry in the period 1955-69 was distinct from that in
the period 1946-54?

D. Technologj,cal Clangg, "in the 4merican Steel In_dustfl

Two Solow tests using the data for the American steel

industry for the period L947-70 were conducted. The first test

uses value ad-ded. and gross capital stock in constant 1961

rsee J. Johnston, Econometz,ic Methods (New York:
McGraw-Hill, 1963), p" 222"

2lhis means that the intercept has shifted but the slope of the
curve remains unchanged. Since most innovations were introduced
in 1954 or later, the technological leve1 of the later period
must have been higher than that of the early period"
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do11ars r l and derives the labour measure by divid.ing wages and

salaries by average hourly earnings" As indicated previously,

the purpose of doing so is to obtain a series of quality-

adjusted labour measure" The second test uses the total hours

worked instead" The results of these two tests, includ.ing

labour prod.uctivity and technological index, are shown in
Tabl-e V-4.

The result of the first test shows that labour

productivity in the American steel industry has increased from

fi4.4507 in 1947 to $6"0610 in 1970, whi-ch is an increase of

1"3618 times, while the technological índex has increased

L.L967 times" The increase in labour productiviLy attributable
to technical progress is therefore 87.87 per cent. The second

test shows that labour productivity has increased L"2BL7 times

while the technological index increased 1.1418 times. Thus,

thr-e contribution of technical progress to labour productivity

growth is 89.08 per cent"

lsince plant and equipment data are not separately shown,
and life assumptions of plant and equipment are not
available, it is impossible to convert capiLal stock into
capital services. However, similar Solow test using capital
stock for the Canadian case has been conducted and the
conclusion does not change as far as the comparison between
Canada and the United States is concerned.
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One has to be cautious in interpreting the contribuiion

of technological change to labour procluctivity growth. Vühen it
is stated that technical change has contributed more than

B0 per cent to labour productivity increase in the American

steel industry, it does not mean that technological progress

in the American steel industry is necessarily gireater than that
in the Canadian steel industry, of which technological change

\,vas found to have contributed about 50 per cent to labour

productivity increase" The reason for getting a much higher

figure in the Amerj-can case is due to the smalt j-ncrease in
labour productivity from L947-70 since the ratio between labour

productivity in L970 and that in 1947 is used as the denominator

and the technological index of L970 as numerator in the

calculation, although the l-atter is al-so small. Thusr w€

cannot conclude that technological change in the American

steel industry has been greater than the Canadian counterpart.

Hence, it is only the technol-ogical index, A(t) r which is
relevant in comparing the rate of technologicat advance

between the tv¡o industríes.
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Since the periods covered in the Canadian and the

American tests are the same except for one year, (tO+6-6g f.or

Canad.a and L947-70 for the United StatesJ, the technologicat

indexes of the two exercises are directly comparable" From

Tables V-3 and V-4, wê can see that thê technologícal index

for the end year in the Canadian case is around 1"3 whil-e the

corresponding figures in the American case are both around 1"1.

This indicates that technological advance in the Canadian steel

industry has been greater than that in the American steel

industry 
"

This observation is further confirmed by running a

log-linear equation Log A(t) = Iog As + yt where 16 is a

constant and ú is a time variable" The results of the

American tests are:

Test l-: Log A ( t.)

Student t
;)ñ"

D"Vü"

Log A(t)

Student t
:aH'

D.W"

Test 2:

0.00547 +

0"39082

"744L

L"2554

0.03998 +

2"76244

.6674

Jô¿t/Y¿

0.00727t

7.58775

00595t

00s85

U"

o"
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These regress'ì on ::esu-lt-s shoi¡ that the tiriLe trend

of gr:owth in the Anerican s-reel industry is Ï:etçveen .595 aird,

"721 per cent" ComparLng lvith the corresponcling fiqu::e of

"869 per cent for Canada, -v/e conclude that technological change

in the Canaclian steel industry has been greater t,han that of

its American counterpart during the period L946-47/L969-70.1

E. Sunmary and Concl-usion

I¡tre have d-j-scussed the problems of clata requirements

and adjus'tments and found, by using a modifieci-Soloiv analytical-

framework, the .r'ollov¡ing resul ts :

(1) The effect of technologi cal change on the net

output. gror,,rth of the Canadian steel ind.ustry has been

sicrnificant and the averase rate of technological change for

the períod 1955-69 is greater than for the period L946-54.

This ís consistent with the fact that innor¡ations were adopted

by the Canadian steel industry in l-954.

(2) Labour prod,uctivíty increased from $2-1 per

man-hour in L946 Lo $5.4 in 1969 in the Canadian steel industry"

The increase v¡as approximatelv l-50 per ceni" Technical- chr-ange

I"-Conf idence inte::vais have been calcula'Led ancl t tests perforned.
It is founcl that the coer-'f icient of Test 2 ( "00595) is
signir-'icantly dif ferent f rorn the Canadian coef f ici ent ( " 00 869 )

at, the 5 per cent level" For test procei.ure, see Johnston op.cit.
nn 41 --- !- )
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\^/as found to have contributed about 53 per cent to this
increase.

(3) A technological break occurred between the

period L946-54 and 1955-69. This implies that the pace of

technological advance, and presumably the technological structure,

were different for the two periods.

(4) While the increase of labour productivity in

terms of value ad.ded per man-hour was approximately 150 per cent

in Canada, the increase was about 36 per centl for the American

steel- industry between 1947 and 1970" It was also found that
the technological index in l-969 of the Canadian steel industry

was greater than its American counterpart in I97O. The time

trend of growth was found to be greater in Canada than in the

United States. Thus, it is concluded that technological change

in the Canadian steel industry has been greater than the American

steel industry for the period concerned"

We have seen the enormous effect of technological

change on the output growth of the Canadian steel industry.

An interesting question is: where ha.s this change come from?

A preliminary attempt will be made to search for the possible

sources of net output growth in the foll-owing chapter.

t (e .oe to 4"4507) / (4"4507) = 36.1-B%" See rabt-e v-4"
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THE SOURCES OF NET OUTPUT GROI^ITH
DE}JISON APPROACH

We have found in the last chapter that about

50 per cent of labour productivity growth of the CanadÍan steel
industry for the period J,946-69 is attributable to the residual,
which is usually referred to as technological change. The present

chapter attempts to break the. residual black box by pinpointing

the major sources of productivity growtlr-. The basic formula

used in evaluating the contributions of production factors is
borrowed from Denison. l Let G¿ be the average annual growth

rate of facLor i, S¿ be the share of factor ù in net output

and. Q, be the average annual- growttl rate of net output for a

particular time period. The contrÍbution of factor i to the

growth in net output is then expressed as:

(G¿)x(S¿)
(4a

Thus, before the above formula can be used, the

average annual growth rates of various factors and net output

as wel-l as the shares of various factors have to be calculated.
The share of total l-abour is shown in column (9) of Table v-l-.

19. Denison, The sources of Economic Grouth in the un¿ted.
states and the ALternatiues Before us (New york: comrnittee
for Econonric Development L962) , pp. 4l-42.
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The shares of production workers and nonproduction workers are

obtained. by dividing wages and salaries by current dollar val-ue

added, respectively. These are shown in Table 4.4 in the

Append,ix.

A" Contribution of Quality-Unadjusted Labour

In order to quantify the contribution of unadjusted

labour¡ we need a labour employment index series" This series

is constructed on the basis of total production man-hour

equivalents shown in Column (6) of Table V-1"

However, the employment índ-ex is not all. According

to Denison, there exj-sts a productivity offset phenomenon as

the average annual working hour per employee is changed" 1 The

meaning of productivity offset is that as working,hours are

shortened, labour productivity per unit of time increases since

moTe rest and relaxation are possible" The increase in produc-

tivity, however, diminishes as working hours are cut further.
Vüith the existence of the productivity offset phenomenon, a

1 per cent decrease in working hours will not reduce the total

working hours in terms of productivity by 1 per cent" If the

productivity offset is 20 per cent, then a 1 per cent fall
(rise) in hours will result in a fall (rise) in hours by

"B per cent in productivity terms"

lDenison t op. cít., p" 38"
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In order Lo evaluate the effect of the productivity

offset phenomenon on the overall productivity growth, a series

of average annual hours per employee has to be found. It is

eventually constructed by averaging the annual hours per employee

of production arid. nonproduction workers, weighted by the numbers

of employees in each category" Another series is constructed

by fitting a curve through the various peaks of the series of

actual average annual hours per employee. The resulting series

is called the potential average annual hours per employee series.

We have taken 1961 as the base period.. In other

words, wê have set the standard average annual hours as 2073

(approximately 40 hours a week, see Table VI-l). Any annual

hours figure which is greater than this standard figure implies

the existence of a negative productivity offset, meaning that

the increase in hours beyond the standard results in a fall in

productivity" Thus, âD hour increase of work will in fact

bring only .95 hour increase in real work if the producLivity

offset is 5 per cent. With further increase in the hours of

work, the negative productivity offset increases" AccordingIY,

the followj-ng prod.uctivity offset assumptions are made.l

iThe productivity offset assumption is widely used in European
studies of labour productivity. According to Denj-son, the
percentages of productivity offset used in France, Germany and
Holland are 30, 15 and 25, respectively" In his study of the
sources of growth in the United States, Denison assumes 40 per
cent of productiviLy offset at the working hours prevaiting
in L957 and interpolates other percentages for other years.
Since these percentages are used in the studies of aggregate
economy which permit interreaction of the effect of produc-
tivity offset, their values are accordingly high. As our study
is confined to the steel- industry, the productivity offset
percentages are assumed as slightly lower" See Denison,
op" cit" , p" 40, and Denison, llhU Gt,outh Rates Differ, ¡ pp" 59-62"
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Table vI-l

EI'lPLCYl'lIlNl', PRODLICTM l'Y 0f FSET .AND 
^DJ'LlSTf,D 

Li1BOU,\. INF-UT

Employmènt
Itrde x

t96t= I 0 0(])

Ave fa¿e
,f,-:ìnual. Iiour"s
I'er Employee

Poten L i al
(2)

Ave ra¡;e
Annuel ì;ours
l'el lÌntplo¡'c.c

^c 
iu 3.1

(3)

Laþoul'Ir:pub
. ÂCJust::<ì
for Hou:.s

(q )

Annual CroHLi-ì
Rates ln ì\ùL output

(Value Âdded)
(5)

Áver.age CÌo!;th
L9q6
l9!7
19¡r 8
rs4g
t950

19 5l
I95 2
I Otr?
LJ)J

1951{
le 55

1956
re17
l.s5B
I s59
I 960

l.9bl
i96?-
1.s63
I96lt
1"s65

l-966
I 9ó7
ls68
r- s69

t). t>
79.37
90.01
OO r.

85.88

97.27
oo o<

98. uz
82. 36
98.20

2295
227O
22tt5
2220
2r95

2I7B
216L
214 4

212I
2IT2

2IO5
209B
209r
2085
201 9

207 3
2069
2065
206r
?057

2295
2326.
230!1
2267
2r95

?ù6
2135
209)
207 2
2712

213 B

2ro2
2057
21.05
2060

207 3
2080
2O9o
2102
2103

20P,t;
2067
?084
2o7 7

å
30.70
5.61
0.93
6.62

18.82
0.46

-o'30
-l ? ()?

42.61

22 ,02
-12.lil
-16. 7rl

36 .56
-i. to

- J-0. ¿ic

B. 90
11.. 38
I3. Bll
l0.6li

-r.30
-8.48
r\.63
0.69

r07 .7 3
103. B4

86.69
1.02. 53
101. 32

100. 00
ro5. B3
lr2. B1
123.63
130.08

r'.t5.78
I ?l ,,

L)<. 1t
128. B6

zi. bi
79.3s
90 .67
89. 15
85..'¿_9

95 .3tt
98.3?
96.0i2
79.9ll
9B.ll

Ì09.3r1
103.98

85.24
101.. L7
r00. 38

100.00
ì06.40
Lt jt . t7
126.09
r.33.30

131: f8
r34. B3
l3r. r 3

20 5?
2C\9
20115
20ltl

Âveragc Grow'dh
Rat e 3. 00?, 7 . 6Leo

Sourccs: (l) ^' '-'Constructed froln Column (û) of llable V-l in Clrapter V.
(2)co,,utr.u"tecl 

fr.om (3).
' (3)stutisfics 

canåda, cataJ.ogue nos,72-202 an<) 7z-zo\ (various issues)
(4)colculot-.d from (l), (2) and (3)
t.\
'"/CafcuLatccl from (l) of Table V-1.

The avcrage annu¿l- hours per ernpioyee'of production r?orkers is the product
of 5? ueclcs and avera6le ç¡.:ckly-hour.s obt¿in.ll)lc from statis.!ics canir<ìa,
cal.alogue no' 72-?.02 (various issucs), and ilì¿t of nonpr.ocluction uorÌ<ers ísarso 

- 
the ])roduc t of 52 v¡eeks a-ncl ;ivcrage weeÌ:Ìy hours tbtainabl.c f r.olr¡

Statistics Canada' Cetaloguc no. 't2-2Oú (varioi:s issues), Tllis j.s calfcd
annual hours pet. ct:tl)Loyee scr'ies.
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For the period l-955-60, the negative productivity offset is
assumed as 5 per cent" The negative productivity offset is
assumed as 10 per cent for 1950-54 and it ís assumed as 20 per

cent for the period 1946-49. From 1961 to L969, since the

annual decrease in hours is small-, the positive productivity
offset is assumed as zero per cent.

calculated

method of

adjusted labour

er these product

ulation is illus

_ 2073 (2)r 76V- Ã

input, shown in Column (4), is

ivity offset assumptions. The

trated by the following example:

productivityl , iroffset I " #l
percentage _l \¿)

The

und

calc

[,,
L_

The figure for 1951-

95"34 = lrr.r, *
t

in Column (4) is obtained as follows:

2073-2L78 
'-,.,1 

2L46
-Æ-,i tu.J * TTg

Column (5) of Table VI-l shows the annual growth rates

in net output (value added) of the steel industry. The average

annual growth rate is 7"61 per cent. Similarly, the average

annual growth rates of the employment index (Col-umn (1) ), and

adjusted labour input (Column (4) ) are 2.73 per cent and 3"00 per

cent, respectively" Since total labour accounts for 60,28 per

cent of the total factor input for the period L946-69, the

annuaf grovith of total labour amounts to L"646 per cent

(2"732 x .6028) of total factor input growth if no

adjustment for productívity offset is made" If productivity
offset is taken into account, then this figure becomes



1" B0B per cent

growth which

- 180

(3.00? x "6028).

is explained- by the

_ 2.732 x "60281--mT_--

The portion of net output

growth of total man-hours is:

r.6462 _ .a .)ô
7.612

1. B0BZ _ â_= /1 752
7 .6Le"

cL.borrt

_ 3.00? x .6028
-Labour 2 7 "6LZ

if productivity offset is assumed. Thus, the contribution of pro-
ductivity offset phenomenon is 2.L3 per cent.
B" Education

Education is anoth-er element hidden in the residual

black box" The contribution of education to productivity

growth can be evaluated if accurate school years data and

average earningis of workers in the steel industry are avail-able"

The data of years of schooling for the steel industry are

available from I94L and. 1951 Censuses of Canada, and L96I

Unpublished Table from Statistics Canada. Table VI-z shows

the distribution of workers in various school year categories

for L94I, 1951 and L96I"

The weights shown in Column (4) are the average

incomes of workers with various years of schooling of the

nonfarm labour force in 1961. The reason for using this

series as a proxy is that there has been no income-school

year data published for the iron and steel mills industry. l

lalthough there are Some income-education-age d.ata published
in Lln.e PopuLation Census 1-961 (Statistics Canada, Catalogue
no. 9B-502) by occupation, the closest category which includes
furnacemen, moulders, blacksmiths and related metal-workers
has only two items secondary 1-3 years and 4-5 years.
See Census of Canada, p. B6-25, Table 6.
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Tabl-e VI-2

SCHO0L YEARS AND EARNINGS 0F STEEL-I,,IORKERS

\dei ghts
Average Income

Censu-s Year 25 Years &.

OIder, 196L
lrlo. of Years (1) (2) (3) (4)

o-4 3, BB4 : ,rTr z ,055 $
Per Cent 10.71 9.08 5.30 2,758

5-B L5,975 r5,rT7 15,222
Per Cenr 44.05 43.43 39 .26 3,705

g-tz r4 ,2og 13, 85 4 w ,202
Per Cent 39.18 39 "65 49.52 5,000

13+ 2 ,rgg 2 ,T 40 2 ,2g4
Pg" Cenb 6.06 7.84 5.92 7,828

L'otai 36,267 34,942 38,773

\,'Jeigiited Sum 436oBr 4ttSSfz 45Ltotz

fndex 1961=100 96.0 5 gB. l4 100.00

Sources:

1941, Census of Canada, Vol VII, Table fB, pp. 5LB-27.
1951, Census of Canada, Vol-. fV, Table 19.

1961, Statistics Canada. Unpubtished Table kindly
pr"ovided by Mrs. Kenrpster.
lJeights are derived from G. ld. Bertram, The Contríbution
of Educa'bion to Economic Grouth, Staff Study, Economic
Council of Canada, p. 48.
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The study by Podoluk1 also provides no information at the

ind-ustry level"

The result indicates that education-earnings indexes

\¡/ere increasing at approximately 0.21 per cent annually between

I94L to 1950 and 0"19 per cent annually between 1951 to I96L.2

Assuming the rates of increase between 1961 to 1969 were the

same as those of 1951 to 196Ir âD education-earnings index

series is constructed with ì-nterpolations for all years except

L94I, L951 and 1961" Table VI-3 shows the education-earnings

index and the labour input adjusted for educatíon.

The annuaf growth rate of labour input adjusted for

hours of work and education is 3.18 per cent" Since the average

annual growth rate of net output is 7 "6I per cent, this means

that labour input adjusted for education explains 25.18 per cent

of the annual growth in net output. This also implies that the

contributi-on of education to the annual growth in net output

of the steel industry is I.42 per cent.3 The explanation for

this low figure which can be found in Table vI-2 lies in the

fact that the distribution of workefs in various school year

groups has changed little from L946 to L969.

1J. R. Podoluk, Earnings and Education, Statistics Canada,
Catalogue no. 91-510.

2
The method. of deriving the indexes shown in Table VI-3 is the
same as that used in Griliches I paper "Production Functions
in Manufacturing"" See p. 3I2 of NBER, op" cit" For example:
10"71 x 2758 + 44"05 x 3705 + 39.18 x 5000 + 6"06 x 7B2B = 436081"
Take 1961 as the base periodr âr index is then constructed"

3

Before educaLion is considered, labour input adjusted for hours
of work explains 23.762::'of growth. Now l-abour input adjusted
for education has contributed 3"182 x "6028/7.6Le" = 25.18å.
The difference of the two is I"42e".
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Tabl-e VI- 3

LABOUR ]NPUT ADJUSTED FOR HOURS OF I']ORK AND EDUCATION

l,abour Tnput
Acl j us ted f or

Hours
(1)

Educ at i-on-
Ilarnings

Index
(2)

Laboun Input Adjusted
fon Hours of Work

and Education
(3)

L9\6
r o,r?f JT I

1s4B
1e4g
1950

19 5l_
re52
Ìe53
le54
re55

1956
Ls57
1e5B
1e 59
1960

T96I
re62
1e63
1e64
Ls65

1966
rs6T
1e6B
1e 69

Avera65e
Annual
Grov¡Lh R¿Lte s

T 3.6I
79.33
90 ,67
89. 15
85 .29

95 .3)I
98.37
96.o2
T 9 .9)4
gB.lr

109.34
103.98

85.P-t+
101 " 17
100.38

100.00
106.40
114.17
126 .09
133.30

137.90
132.40
134. 83
13r. 13

97.t0
97 .3r
97.52
97.73
97.94

98.14
98.33
98.52
98.71
gB"9o

oo no
)J.vJ

99.28
99 .47
99"66
99 .85

100. 00
100 . 19
r00.38
100.57
100.76

100.95
10Ì.14
101.33
101. 52

71.48
7T .25
88.42
BT .L2
B:.¡:
93.57
96.73
94.60
78.90
97.03

108.34
. 103.23

84.79
100 . 83
100.23

100.00
106.60
114.61
l.26 . 81
L34.32

r3g .2r
1?? O'tLJJ.,tL

136.63
133. 12

3.00"/" 0 " l.Br, 3.LB%

Sources:

(2)
LJ/

(t) Col-umn (4) of
Derived from
= (1) x (2).---_l_00-.-_

Tab le VI-l- "

the i-ndexes shown in Table VI-z 
"
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C, Labour Shifting Effect

Another possj-ble source of productivity growth is

the shifting of labour from small-size establishment to large-

size establishment" There is some evidence that the shifting
of labour did take place in the steel- industry from L946 to

L969 ¡ âs shown in Talole VT-3"

In order for labour shifting to contribute to
productivity growth, two conditions must be satisfied" First,
labour must have been shifting from low-productivity establishments

to high-productivity establishments through time. It can be

seen from Table VI-3 that the total numbers of employees of the

group comprising establishments which have less than 200 employees

each had been decreasing from L946 to 1951. From 1952 onwards,

the numbers of employees in the smallest group comprising

establishments with 5-99 employees each, after some fluctuation

in the earlier years, began to decline steadily except ín 19 65,1

while those of the three years, namely 1958, L959 and 1960, are

not known. At the same time, the total numbers of employees

of the medium group (100-199 employees per establishment) and

the largest group (200 and over employees per establishment)

have been increasing" Second, labour productivity, represented

by value add.ed per employee of the larger establishment has to

be different from that of the smaller establishments" This

lThe figures for 1965 in Table VI-4 look strange indeed"
The 'author suspects it is due to mistabulation of figures
by Statistics Canada. See Statistics Canada, Catalogue
no. 4L-203t J-965 and 1-966 issues.
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ev'iäence¡ shoi.¡n in Coluinn (t:) oj=- Tab-l-e VT-.4, is nct clear -íor:

tlre years L9tt6 to 1951-. ilo.,^;ever, i-t is shor,¡¡r c:1e¿tr1y fi:o¡n I951

onr,\¡a:iais. T'he reasons ro.igÌl-t be that large establi sh¡-",ents :ran

j-nto cij-seconomies of scale in the earlY Ve¿ìrs inuned.iatc-ly after

ttle r.¡ar before produciio¡ technigues anC equ'ip:ilent i'¡e::e mod-ern-ized"

Although Lhe increase in -the total numbers of emplovees

of the mediurL and large establishmenis does not necessaril-y cone

f rom the contrac'ti on of the nurnlcers of erç] eyss= of tire smaller.

establishm.ents , the actual eifect of the relati ve clecrease i n

the nunber of less efficieni r.,¡orkers anË. che relatir¡e increase

of tl:e more efficient ¡,'zorhers is e'guivalent to a neÌ: prod.uct;vitY

increase of total '¡orkers

In orcler to f i nd the contributir:n of the labour shifting

total produlc'ti v-i-ty g:ror,r th , 'bhe f ol- l owì ng equtati on I iseffect tc
.-^^^ -LLÐ(jL¿ "

Labour shirlinE errecr- = lff:)W å)
( L. -ö '-;l| -L t'l

\I'1 Lz) {trquat-i-on 6"f)

lfhis elipression is derir¡ecl from an original ex.oression

? ei (iv fl - {LtU) ¡c tal - azQzl fit - Lz)

¿lt T o¿ lz; - r) = l?, i [=r ^ *Tz-) 
lr7 - "r)

i+lrere a¿ = l-ai:ourts sha:re in tire iLrn ind.ustry, r+hich -is in turn
ce::'i vec'["f ::oin the total f actor: produc'tivÍt1r grolu'th forr¡.ula i

-,v'here L = LI + L2

( 'i -rL - ( i - c) f t

Fo:: the de tails of ihe clerivati on, see H.H-Pos L.ner's stuClr,
productj vity ; SoineAn Analvsis of Canaclian I'lanuf acturi-n

_g.1g.!i¡Ilari¡ iìcs'.tI__F.r , Sraf f S i:uCy lio " 31,
Canada, OLtar'¡a, T9JL, P,58-

Eccnoii'i c Council- of
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\^/here the subscript 7 represents establishments of which the

number of employees is less than 200 each and the subscript 2

denotes those establishments of which the number of employees

is more than 200 each. The remaining symbols, namely , W and Q,

represent wages and sal-aries, and net output, respectively.
The third bracket on the righthand side of Equation 6.1 measures

the rel-ative growth rates of labour employed by the smarl and

large establishments. The second bracket represents the

difference in hourly earnings between l-abour employed by the

two types of establishments classífied by size, while the first
bracket is merely a weight. Thus, if the large establishment

increases its use of l-abour greater than the small establishment,

and j-f workers in the large establishment have higher hourly
earnings than those in the small establishment, the labour

shifting effect will become positive"

effect

will be

of the

Ll

Lz

L

For the purpose of illustration, the labour shifting
of the period 196I-67 for the Canadian steel industry
calculated by using Equati-on 6.1" First, the meaníng

terms:

= man-hours paid in establishments with less than
200 workers each;

= man-hours paid in establishments with more than
200 workers each;

-T¿ T- u1 ' "z'

I'11 = total \^iages and salaries paid to workers in* establishments with less than 2OO workers each;

t,/ e = total wag:es and salaries paid to workers in
" establishments with more than 200 workers each;
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l{t
ri = real hourly earnings for workers in smallur (<200 workers) establishments;
Wc

; = real hourly earnings for workers in biguz (>200 workers) estãUrishments;

A = value added in constant dollars.

The data for the above terms are availabl-e from lz,on and. Steel
MiLLs (statistics canada, catalogue no. 4r-203) , for the period
L96L-67. The year-to-year labour shifting effects are calculated
AS:

19 6I

L962

L963

l-964

196s

l-966

l-967

- " 000s48

.000562

" 000067

-.013057

.002s80

-"000722

Average - " 001853

since the drastic change in the number of employee of
smal1 establishments in 1965 (see Table vr-4) does not seem to
be rearistic, the year 1965 is excl-uded from a recalculation
whích generates the followÍng results:

19 61
-.000548

l-962
"000562

19 63

"000067
L9 64

.000185
L966

-. 00 0722
L967

Averaqe -" 000091
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As the average growth rate of net output for the period L96L-67

is 5"83 per cent, the negative contributions of labour shifting

effect are -3"18 per cent if the year 1965 is included, and

-0"16 per cent if it is exclud.ed.l The reason for getting this

negative figure is that the averagie growth rate of labour employed

by those establishments with more than 200 workers each is smaller

than that with less than 200 workers each. Since the wage rate

of the former is hígher than that of the latter, this implies

that labour with higher productivity has grown slower than labour

with lower productivity if the marginal productivity doctríne

hold.s. This is also equivalent to a shifting of labour from

high-productivity establishment to low-productivíty establisl:ment,

which will inevitably result in a negative contribution.

D" Labour Quality Change

Note that the contribution of laloour includes the

contribution of improvement in labour quality as well as those

of production worker growth and nonproduction worker growth.

As the hourly earnings of nonproduction worker is generally

higher than that of production worker, which implies that the

productivity of the former is also higher, a greater growth

rate for the nonproduction worker means that the growth rate

of overall prod.uctivity of labour will be higher in this case

than in the case where the growth rates of the two are equal.

(-" 1Bs3) / (s 
" 83)

(-.ooeL)/(s.83)
= -.0318 =-3.18% and

= -.0016 = -.L62
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rn other words, quality change of labour input is involved.

Recently, a number of researchers have questioned the importance

of changes in total factor prod.uctivity. As they argue, the

so-called technical change, which is in fact the residual,
would be minimal if "guantities of output and i-nput are measured

accurately".1 rn our case, the improvement in labour quality
is equivalent to an increase in basic efficiency unit of labour.

The failure to take labour quarity change into account will
result in an exaggeration of the contribution of the unknown

factors, i.e., the residual which is labelled as technical
change. In order to quantify the contribution of labour quality
change and those of other factors, let us write the production
function as:

a = f(Lx"K*)

where Z* = g(LlrLZ)

L = LL + Lz

K* = h(Kl"K2)

and the functions f, g and, h are homogeneous of degree one.

We can derive the expression which we have shown

in Chapter III as:
oa
â T,x K* A

ä=w1 '7**wlri**i

rD. W" Jorgenson and Z. Griliches, "The Explanation of
Productivity Change", Reuieu of Eeonomic Studt es , July L967 ,pp. 249-83"
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In th-e above expressions, L is the sum of production

worker man-hout= (L1.) and nonproduction v¡orker man-hours (L2) .

Lx is the total man-hours after nonproduction worker man-hours

have been converted into units which- are equivalent to production

worker man-hours and other quality adjustment is made. Similarl-y,

K* is the total capital service which is a function of services

of the two components of capital stock, namely, construction,

Kj., and machinery-equipment, KZ, A is net output in constant

1961 dollars. Thus, * tt the growth rate of net output. It can'q
also be written as:

4 = l+-+¿=l L-n * (o*rL.,l gl + L (Equarion 6.2)a - tc Af1 1* 1.4- Tfe) 1¡x ' A

. L* àf - K*àfwhere "A #- and 6 #* represent labour share and capital share,

respectively. The contribution of total- labour after the

adjustment for quality chang'e -- which we have calculated as

25.18 per centl --- is r-n fact the contribution of trre first
. (Lxðr I interm, i.e. , l= -3--r : ri: the contribution of total unadjustedl.4 ðLn ) L*'

(zrar ) ilabour , lã ffil , , can afso be calculated, then the contribution

of the quality change of labour due to differing grovith of
production worker (L1) and nonproduction worker (L2) is simply

the difference between 25.18 per cent and the value of the

contribution of unadjusted labour.

lthis is calculated in Section B of this chapter.
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Since the function g is homogeneous of degree one, by virtue

of the Euler's Theorem, I we can v¿rite:

r* _ ð¿* - â¿*
= ==_ Lt _f : LOòl'L ' ò!'Z '

Substitute this relationship

[r- !¿_l i - lLt p;-) L_

[C òL*) L l.€ à1L) L

into
I lJq- 
l.?=

(r* âf
l.c- ãF
u-l !-arz) L

)+ to get:

(Equation 6.3 )

Thus, the contri-bution of total fabour growth is the sum of the

products of total labour growth rate of total- unadjusted man-

hours, tr (instead of Lx) and the respective shares of production

and nonproduction workers. The contribution of production

workers is therefore 17.00 per cent and that of nonproduction

workers is 3.83 per cent.2

The contribution of labour-quality improvement, which

is 4.35 per cent, is obtained by subt.racting the sum of 17.00 per

cent and 3.83 per cent from 25"L8 per cent.

In summary, productivity offseL phenomenon, if it is
considered, explains 2 "L3 per cent of the net output growth in
the steel ind.ustryr 3 the improvement in labour quality explains
lSee R.G.D. All-en, Mathemati,caL AnaLysis for Economists
(Lond.on: l.[acMillan 6, Co. Ltd., L962) , p. 3L7 "

2The calculations ares (.4920) (2.632) /7.6L2 = 17.02
(. t10B) (2.632) /7 "6Lz = 3. 83%

The shares of production and nonproductj-on workers are "4920and .1108, respectively; and.2.63Z is the average growth rate
of unaidjusted total 1abour - L .IL

3It is obtained by subtracting 2I.632 from 23"762" Some
confusion might arise since negative productivity offset rates
are assumed yet it is found that productivity offset has
contributed to 2.L3? of net output growth. This is simply
because L96I is taken as the base year" If 1-946 is the base
vear, then positive productivitv offset rates have to be
ässumed" TÏrese two inethods are-equivalent to each other"
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4"35 per cent and finally, 17.00 per cent and 3"83 per cent of

the net output growth are attributable to the growth of production

worker and nonproduction worker, respectively.

E" Capital

The other input besides labour is total capital service

input" Capital services are comprised of services from construc-

tion and machinery-equipment. The relative durability of these

two types of capital items has been taken into account in the

compilation of capital services.i Since construction (structure)

is assumed Lo last longer than machínery-equipment, the service

provided by a machine per unít of time must be greater than that

provided by a building which has the same cost as the machine.

Likewise, a unit of machinery service must have a higher price

than a unit of building service. But after we have converted

the service of machinery-equipmenL into that of construction

by giving the former a greater weight, all services, either

provided by machinery-equipment or construction, now have the

same price" If the price of capital service is Pr,, the share

of construction in total capital expenditure is equal to:

Services of construction x Pz'
Share of construction service =

- Services of construction x Pr
-

Value added - Wages and Salarres

_ Services of. construction
-

lFor the method. of compilation, see Chapter V"
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Similarly,

Share of machinery-equipment service

- Services of machinery-equipment x Pz,
-

- Services of machinery-equipment-

Thus, the factor shares of machinery-equipment and

construction services have been calculated according to the

above expressíons and shown in Table VI-5, The indexes of total

capital service, durability-weighted and underutilization-
corrected are shown in Tal¡Ie VI-6. Along with the indexes,

average annual growth rates of the various indexes are also

calculated "

Since the average annual growth rate of total capi-tal

service without utilization adjustment is 8"97 per cent and its

average share in net output is 39"72 per cent, the côntribution

to net output growth can be computed as:

8.972 x .3972 -õõ

-re- 
- +ct.¡ó6

where 7"6Ie" is the average growth rate of net output.

The evaluation of the contribution of quality

(composition) change of capital service is similar to that of

the contribution of labour quality change, Recall that K7 and

KZ are the services of construction and machinery-equipment,

respectively " K is the total capital service before durability-

weighting is taken into account, and K* is that after the

relative durability of K1 and K2 has been taken into consideration.
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Tabl-e VI- 5

CAPTTAL SHARES

Total-
Capi t al

Share
(1)

Share of
Plachinery-
equipment

( )\
Share of

C ons tru cti on
(3)

L9u6
L9LI7
r qJrR

1e4g
1950

1q 5.r
1952
1e5 3
re54
rs55

1956
rs57
1s5 B

1s5g
1e6 0

]"96l_
].s62
1e63
1e6 4
I e65

1.966
Le6'l
1e6 B

Ls69

.4316

.4095

.3297

.1r327

.44r6

.2669

.3184

.3U 45

.34 62

.4004

.4643
" 4189
Ltctz

.44r5
"3697

.4160

. trzT6

.4360

.437 3
"4sr6
lt¡z lt

.357 0

.3BoB
"3753

.L926

.2342

.2580
,.2613

anlra

??"t Ã

.3023

.2\7 3

.3286

.3379

.3586

.3265
114ì a. ).> )

.3458
" 29rg

.3305

.3415

.3485

.3507

.3695

.3307

.2910

.3105

.3059

.0743

.0842

.0865

.0849

.0961

.1101

.I072

.0824

.1041

.1037

.Lo57

.0924
norlr

.0957

.07TB

.0855

.0861

.0875

.0866

. oBBl

.07 67

..0660

.0703

.069 4

Ave::age .3972 309 I .OBBl

Sources:
Co1umn (1) is obta-ir-ied by subtracting total l-al:our share

from unit¡z and is identical to col-umn ( 3 ) of Tabl-e v- 3. columns
(2) and (3) are obtained by multiplying the percentages of
machi¡ery-equipment ancl constrnction in total capital services
to colu-mn (1) .
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Tabf.e VI- 6

INDEXES OF CAPITAL SERVICES

TotaI
Capi 1,a-1-

Se rvi ce

(li

hleighted
Cons tr.uc ti-on

(z>

Machinery
and

Equipment

(3)

Total Capital
Service (Under-
utilization
corre c ted )

(4)

L9LI6
1 qI7
rs4B
re4g
1e5 0

195I
r95?_
1e53
1e54
rs55

).956
rs57
1e5 I
I qr- o

196 0

t_g6 r
re62
1s6 3
1s6 4
1e65

24.3
¿o .4
¿9.O
32 .0
?? )

36 "5
43. B

51.1
55 .8
rô al)o.ù

62.7
oÕ" /

T4.T
O¡ ìO-L. -L

90.7

100"0
r07.9
116.9
130.5
r)r6 " 6

160.2
L67 .T
l-69 .7
LT2.3

32 .9
33.9
36.1
îO 

^Jo, ¿
¡O OJo. o

45.3
l:tr '7)).1
taa 'ì
VL..L

b).J
6T.t

69.5
I5,I
t9.o
Bs.s
o? c)

lOO"O
TO5,T
114 .1
1,)Ã '7

1).7 )]Jf .J

:_46.7
150.8
151. 8
r5)t.g

22.L
24.5
27 .9
30. 4

31. B

34 .2
40.6
4B.e
tr?)
)) e )

56 .6

60. g

6r.t+
73.4
'70 0

90 .2

100.0
108.5
I].7 ,6
a ar Or-Jr_. o
149.0

163.7
17 2.r
173.6
176"8

20.7
28 .4
31.9
33 .1
37.t
42.3
44.0
clr 7

44.4
6z.T

100.0
lr-6.9
131.3
141.9
L62.5

l-TL.2
170.6
188.5
174.3

74.3
7L.6
63.3
BB. B

94.5

lq 66
igSt
1e6 B
Le'9

Average
Annual
Growth
Rates O ^nolQ.)Jl¡t 7 .07 r" 9.54% r0.69%

,Sources:
Computed from capital

Canada u-npu.blished capital
rates ( Columu (1) of Tabl-e

service data derived from Statisti-cs
stoch data and capital utilizationy-3).
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Taking the second term of Equation 6.2, similar to the evaluation

of the separate con-uributions of the grovrth of production and

nonprod.uction workers, the foll-owing equationl can be written:

[x* ðf I i:-(xt âf lK-(xz äf lk
tA- azrl 7 - lT wt1 7 [A-. T4) K

(Equation 6.4)

where t? #T) and (? #1) are the shares or construction and

machinery-equipment in net output. Note that # r= the growth

rate of total capital service before durability-weighting is

done, and is therefore different from i, The former is

calculated from Column (2) of Tabl-e V-l- as B"7B per cent while

the latter is calculated from Column (3) of the same table as

8"97 per cent. Thus, the contributions of the growth of

construction service and machinery-equipment service are3

.0881 x B"7BZ _ 1^ 1.o

--î38- 

- r\, "Lo6

and

(construction service)

(machinery-equipment service).3091 x B.78? _ rtr t.^o,

-TW- 

- ri.uu.o

where .0BBl and "3091 are the average shares of construction

service and machinery-equipment service, respectively. The

difference between quality adjusted and unadjusted capital

services , i. e lf #] $nn u,,u tF #"] # t, the contribution

of capital quality change, which is:

Contribution of capital = 46.7'eo (10service quality change

ISee the derivation of Equation 6"3"

16Z + 35.662) = 0"962
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The contribution of capital service quality change

seems to be negligible, if it is compared with that of labour

quality change (which is 4"352) 
"

Thus far, what we have used in the calculation is
the average growth rate of capital service index before under-

utilization of capital is corrected. If the underutilization-
corrected capital service index is used, the contribution of
total capital service amounts to 55"85 per cent.l This means

that if capital service were not underutilized, then the

contribution would be 55.85 per cent. But since underutil-ization

does exíst, the contribution of total capital service is only

46.78 per cent. Thus, the contribution of underutilization of

capital sen¿ice is -9.07 per cent.2

In sum, the contribution of growth of construction

and machinery-equipment service to net output growth are I0"16

per cent and 35.66 per cent, respectJ-vely, and the contribution
of capital service quality change is 0"96 per cent" Total

contribution of capital service growth amounts to 46.7 B per cent

while the underutilization of capital has contributed -9"07 per

cent to net output growth over the period 1946-69 "

1 (to"oga x "3972) /7 "6Lz = 55.85? where
growth rate of total- capital service
is corrected.

10"69U is the average
af ter underutil-ization

246 "lBz 55 " B5? = -9 .072.
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F. Repaír andiollution Abatement Exp_enditures

As mentioned in Chapter V, part of repair expenditure

might have been includ.ed in fixed capital formationl as repair
work usually incorporates innovations such as the replacement

of worn-out parts of equipment by parts with the latest design"

However, it is not known what proportion of capital formation

is actually repair expenditure, if it is incl-uded at al-l.

Moreover, the available repair expenditure data are not complete

for the period under review. 2 Thus, there is no \'üay to separate

out the contribution of the repair expenditure which has been

included in fixed. capital formation from total capital
contribution "

Pollution abatement expenditure could also be

included in capital formation since it is usually a part of

company expansion program, which might not have distinguished

pollution abatement equipment from production equipment clearly"

Howeverr Do data are availabl-e except some scattered figures

appearing in some annual reports of steel companies. Furthermore,

the use of pollution abatement equipment is a relatively new

event in the steel industry and so the overestimation of the

1In data compilatíon, repair expenditure ís not included in
fixed capital formation series" Besides construction and
machinery-equipment, the only additional component of fixed
capital formation is "capital items charged to operating
expenses". See Statistics Canada, Catalogue no. L3-522,
Eiæed CapitaL FLous and Stocks Manufacturing, Canada L926-1-960,
MethodoLogA , p. 57 "

2The data for the period L955-69 can be obtained from Submission
to the Standing Senate Commil;tee on Banking" Trade and Commerce"
by Algoma, Dofasco and Stelco, Appendix C, Table 16.
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contribution of total capital service due to the inclusion of

pollution abatement expenditure, Lf âny, is believed to be

small 
"

G, Research and Devel-opment Expenditures

Research and development activity, through its

improvement i-n the productivity of existing inputs, could have

contributed to the growth of net output. fts contríbution,

however, is usually lumped together with the contributions of

other unknown factors in the residual. It is desirable to

single out the effect of research and development activity

from the residual in order to see its contribution to net

output growth.

However, again, a complete set of data on research

and development expenditures for the steel industry is not

available. The following series can only serve as a proxy for

the actual research and development expenditures in the steel

industry:

Unit:

1960 L96I L962. 'L963 .L964 1965 .L966;'L967
Million

1968 $

1"3 1.9 2"5 3.0 3.8 5.6 5"2 5"2 5"4

Sources: (I) 1960-61: J" Convey, D. K" Faurschou and J. H" !üalsh,
A Report to t\te NationaL Productiuity CounciL on
Reseâv,ch and DeueLopment in the Canad¿an Prímaz'y
It,on and SteeL fndustz'y (Ottawa: Department of Mines
and Technical Survey, Mines Branch) Iviarch L963 |
Table 2, p" 7.

1963-68: IndustriaL Reseav'cLt and DeueLopment
Eæpenditl/Lne I Statistics Canada, Catalogue no.
I3-532t Table l, p" 29" The fj-gure for L962 j-s
interpolated.

(2)
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Note that the figures reported in Statistics Canada

(Catalogue no, 13-532) publication, are actually the expenditures

of the primary metal (ferrous) group, while the figures of
1960 and 1961 are those of the steel industry only. The

difference is that in addition to iron and steel- mill-s, the

industry covered by the publication arso includes steel pipe

and tube mills, and iron foundries.

lf the above series can be used as a proxy for the

actual research and development expenditures in the steel
industry, and if the rates of return to research and development

activity are observable, then the contribution of research and

development to the growth in net output can be quantified. l

But in reality, the rates of returns to research and development

actj-vity are not observabl-e. Thus, the contribution of research

and development activity cannot be quantified.

H. The Sources of Grov¡th

The contribution of varj-ous sources of growth are

shown in Table 'V:7 
" The whole period is broken down into

several sub-periods in order to see the changes in the

contributions of various factors through time" For the sake

of simplicity, let us 1ook at the contributions of the various
llf the rates of returns are observable, \,ve can obtain the
factor share of research and development activity, then its
contribution can be calculated byr C¿ = (G¿ x S¿)/8o G¿ is
the growth rate of R&D, S¿ is the factor share and " qn is
the growth rate of net output.

2The method. is described at the beginning of this chapter.
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fa-ctors in the whole period L946-69. Net output represented by

val-ue added grew at an average rate of 7 "6L per cent and out of

this 1.93 per cent is attributabl-e to the growth in total labour

and 3"56 per cent to the growth in total capital" Technological

changer âs a residual measure, therefore accounts for 2"I2 per

cent" The contributions to the growth in net output are 25"L8

per cent for total labour growth, 46.78 per cent for total
capital growth and 27"87 per cent for..:technological change.

The contributions of total labour and total capital can be

further broken down into various components" The following

example illustrates the decomposition :

Labour
Labour (Hours and Education Adjusted) 25.LBZ
Labour (Hours Adjusted Only) 23.762

:
23 "762

2L.632

Labour (Hours Adjusted Only)
Labour (Employment Growth: production worker and

nonproducti on worker quality difference
adjüsted ) d*

Lx
Hours Reduction (Productivity Offset)

Labour (Employment Growth): t#

Labour (Prod.uction worker and nonproduction Lworker quality difference unadjusted) Z 20 "B3Z@
Total labour quality change = 25"18 20"83 = 4"35

(or L"42 + 2.I3 + 0.80)

Capital
If underutili-zation not corrected (i.e., it existed) 46.78e"

not exisÐ55 " 85?If underutilization corrected (í"e., it did

ry
2L.632

nderutr Ir- z atr-on
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Underutilization not corrected but
quality difference between machinery-equipment
and construction adjusted

Underutilization not corrected and no f
quality difference adjusted T

K*
rç 46"782

45 . B2Z

Quality change

lVe thus see that 5"31 per cent (4"35 + 0"96) of total
contribution to net output growth is attributable to factor
quality change, which is usually lumped in the residual"

Accordingly, technological change for the whole period accounts

for 27.B7}per cent of the total contribution to net output

growth. The contributions of various factors including technical

change of the sub-periods are obtained in the same \^iay and shown

l_n 'laþl-e vL- l.

It is interesting to find that the contribution of

technological change to net output growth was greater in the

early period than the later" For instance, the contributions

of the two sub-periods, 1946-57 and L95B-69t are 30"54 and

22"24 per cent, respectively" When the period J-946-57 is

further divided into two periods, 1946-5I and L952-57, we

discover that the biggest contribution comes from L946-5L"

Undoubtedly, this is attributable to the economies of scale

resulting from the postwar expansion and expansion caused by

the Korean War. The average growth rate of net output of this

period, which is L2.55 per cent, is the highest among growth

rates of net output" As we have assumed constant returns to

Le 62_

rz"tz¡l "øt 27.87
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scale, the effect of increasing returns is absorbed by the

technol-ogical change component. I

I. Conclusion

We have attempted to measure the sources of net output

growth for the Canadian steel industry for the period L946-69

by using a modified Denison framework. Our results show that

labour growth had contributed,.20"83 per cent and capital 45.82

per cent, indicating the capital intensity of the steel industry.

The contribution of labour quality change amounts to 4.35 per

cent, while that of capital quality change is 0"96 per cent.2

The contribution of total quality change in inputs is therefore

5.31 per cent. Technological change, as a residual measure,

contributed 27 "87 per cent to net output growth"

lFrom Equation 6.2, \,\ie can write the production function as:

+=g (wn"f:rroX-_,

where l{1 + WK = f constant returns
WL +W7¡> f increasingTeturns"

ft is then clear that the value of { under the assumption of
constant returns will be greater ^than that under increasing
returns assumption"

2The capitat quality change here refers to the shift in the
composition of capital service between construction (structure)
and machinery-equipment" It certainly does not refer to
technological change.
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Although the approach adopted in this chapter is

essentially the same as Solowrs approach in the previous

chapter, it does represent a small step towards refinement.

For instance, the contribution of input quality change, which

is usually lumped with technological change, has been separately

identified" Howeverr âs we have noted briefly, the constant

returns assumption might have created an upward bias for the

estimate of the contribution of technological change. Thus,

the constant returns assumption will be relaxed in the

following chapter where the nature of technological change

will be investigated by the production function estimation

approach "
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Chapter VII

P,:.ODUCil' IOi\ FUNCT ION EST IÌ'i.\T IOI'l

The las t trvo chapters have attempted to anal yse

technological cirange and other sources of productivitlz growth

in the Canadian steel i ndustry by means of modif ied Sol-ow and.

Denison Framer,vorks. The purpose of the present chapter is to

make a comparative study of steel production in Canada and

the United States by using a production function es'timation

approach.

I,{e have revier¡ed. briefly the essence of Cobb-Douglas

and CES procluctíon functions in Chapter TII v,,here y;e noted

that the former is a special case of the CES production

funcLion" In the present chapterr we shall begin oi-rr analysis

with a crude Cobb-Douglas production function and then a-nalyse

the estimation resul'ts of a model derived from a CES production

function "

A " Es tima'tion Results of a
¡'unction

For the purpose of obtai ni¡g some indica.tions as to

the d.eEree of returns to scale in the Canadian steel jnctustr!,

a simple Cobb-Douglas production functionl i= specifiecl as :

A = AL''Kß

rvhei:e A is ne't output, L represents labour., 1i represen.ts
r , ._a-.G "¡,c- A- cobb-DougJ-as f unction A =AL"'1.!* e' " has

Canadian and Anierì can data, hoiver,'er, the
no t signif ican-u aL the 5 per cent level

been fittecl by both
es tj-inates fc¡r y are

in most cases-
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capi'tal ,l A is the efficiency paramete-c and u. and p are the

prcduci:ion elascicí'ties of lai:cur airC cap'i -ta-I, respec tirzely "

l^,,ritten in a 1og-linear form, the production func'tion becom.es:

LnQ=LnA+t.LnL+ïLnK

The above function is fitted to the data for the

Canadian and American stee] industries separately. Essentially,

the data used in this chapter are the same as those used i-n

the Solow exercise of Chapter V, and so they can be found. in

Tables V-l and V-2. The methods of deriving the labour input

for bot,h Canada- a-nd United States are also the same, except that the

amoun'ts of to-ual r?ages and salarìes are d-ivided by hourly

employrnent costs insteacl of hourly' earnings of proiluc't-ion

vzorl<ers "

A stepwise procedure v¡hich tal<es tÌre whole periocl

firs't and then drops one year at a time kras been aclopted. in

f itting the log-'i j.near Cobb-Douglas function" The purpose of

doing so is to see the gra-dual change in proci-r:ction s-tructu.re

as the observa-tion perj-od is lengthenect. rt v¡ould also

provide us r,'/ith alternative results and reduce the sensitivity

of the period chosen for -inves'iìgation"

ltrVe usecl 'k to clenote qua'l ity-aCjusted capital a.nd labour as
disiinct from unadjusted ;l and tr in t'he previous chapter"
In this chapter, since all 1i and I used ar:e quality-adjnstecl,
the * r^,'il-l be clropped for sinpl-iciiv sali:e.
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ESTIMÀTIOII RESULTS Oo o *O"* PIìODUCTIoN FUNCTION

The Canadian SteeI Industry

PerÍod Constant
Labour

0
Capital

Íi

Returns
to Scal-c
o +g

va-Lues o
signi fi cance
tcs t: di ffer
from unity F2 D.W-

(t) (2)

L946-54 -1.8701- 0.6356
. (-0.4996) (2.6035)

1946-55 -1.8126 0. 5753
(-0 .4525) (2.23s41

1946-56 -3.5834 0.6299
(-0.822I) (2.1936)

1946-57 -3.5754 0.6345
(-0.8679) (2.346r)

1946-58 -3.5368 0.6317
(-1.1331) (3.2623)

1946-59 -3.s199 0 .6257
(-r-1798) (3.409'1)

-3.8295 0.6616
(-1.2819) (3.6445)

-3.7017 0.6500
(-1.3031) (3.8287)

:3.6976 0. 6558

19 4 6-60

1946-6r

19 46-62

1946-63

L9 46-64

19 46-65

19 46-66

19 46-67

l_946-68

l-946-69

l-9 52-69

19 53-69

1954-69

1955-69

t956-69

(3)

n ¿o?a
(6.9298)

0.5475
(8.4664)

0.s888
(8.6879)

0. 584 0
(9.779s)

0.5846
(13. rs27)

0. 5893
(1s.s449)

0.57f9
(16.597 4)

0. 5760
(L9 .4622)

0.5704
(2r .66 47 )

0.5683
(23. s318)

0. 569 I
(24. ss30)

0. s704
(2s.44r3)

0. s69 4
(2s.119s)

0. s636
(22.8428)

0.5632
(23.6864)

0.569t
123.72rr)

0. s737
(14.6136)

0.5808
(rr.1470)

0.5069
(9.e264)

0.4950
(9.6r49 )

0 .4928
( 8.13r2)

(4)

r.r294

r.1228

I.2187

1.21_85

I.2163

1. 2I50

I.2335

I ..2260

I.2262

I.2204

1.2413

L.2528

r.1995

f.1523

1.l-509

L.1569

I.. 1666

1.1498

r.3064

L.269 r

L.27r8

r .7 892* *

l_. 89 80 **

1.9153**

1.9068**

r.9 247 * x

r.9237**

1.8934**

1.5944**

1.7537**

1.7001**

1.5g86**

I.2928

7.7 202**

1.8263**

1- 7106**

(s)

0.6.156

0.5452

0 .8926

0.9467

I .2408

l_.29L9

1.3999 0.9707
(108)

t.3868 O.g?47
(10c)

I.4678 0.9782
(108)

I.496s 0.9819
(r0r)

1. Z9 83 0.9852
( sB)

2.0795 0.9879
( s8)

1.7356 0.9888
( sE)

r.2346 0.987r

I.2655 0.9885

I.2856 0.9886

I.I2'70 0.9767

0.8730 0.9737

I.9844 O.9BO3( s3)

I .7 416 0 .97 39
(1oc)

1.656I 0.9699
(108)

(6) (71

0.9352 2.3212**

0.9445 2.0045**

0,9534 I.5160

0. 9 6 13 I.77 8r**

0.9630 1.781-1**

0.9702 I.7754**

(-1.339s) (3.985s)

-3. 5881 0 .652r
(-1.3s82) (4.1079)

-3.9667 0.6715
(-.r.6494) (4.5s73)

-4. 17 44 0 .6824
(-1.9164) (s.0130)

-3.2144 0.6301
(-1. s694) (4.8321)

-2 .3554 0.5887
(-1.0690) (4.r630)

-2.3312 0 .5877
(-1.094s) (4.278]-)

-2.448L 0.5878
(-1. r230) (4.1781-)

-2.6358 0 .5929
(-1.00.98) (3.3892)

-2.3456 0.5690
(-0.7780) (2.68021

-5.0090 0.7995
(-r. 8646) (4.089s)

-4.3026 0.77 4I
(-1.5802) (3.9830)

- 4.3 47 I 0 .7790
(-1.4999) (3.6677)

*Rej ect
* *Accept

tsl-ank:

Source:

the nuIl hypothesis.

the nuIl hypothesis.that the error terms are serialJ-y independent.

inconclusive. See Rao c MiJ-1er, op" cit., pp. 122-24, and TabLe 4, p. 228.

Regression resul-ts obtained by using Co1un¡s (I), (3), (4) and (58) of
Tal:Ie V-l and Columr (7) of Table v-3 in a Cobb-Douglas production
function.
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The regression resul-ts are shown 'i n Tables VII--I

and VII-2 " The results of the Canadìan case are goocl t- the

coefficients of labour ancl capital have the righ-.- sign and are

highly signif ican-t. The coeff icien-,-sof .determ.ination , Et , are

high and the Durbin-lVatson statist'ìcs are close to t.¡¡o.

Column (4) of Table VII-I shows the sum of the elasticities

of labour and cap'ital, which is an indicator of ihe degree of

returns to scale" It indicates that the returns to scale in

the Canadian steel indus'Lry are increasing and the rnagnitude

of increasingi returns has been main'tained within the lrange of

1.1 to I"2. Column (5) shows the t values of tes-uing the

significance of the returns to scale dif ferent fro¡n unity.t rn"

nunùrer beneath indi cates the level of significance. It is sho',vn

that the returns are not significantly different frora I for the

period l-946-54 but are significant i,vhen the latei' :zears are

incluced. Thus, it suggests thai the returns of the later yeers

are increasing r,rhí]e those of the earlier years are mainllz not

significan"ly different from constant returns.

Tire same s'tepwise regression proceclure ís applied to

the American case. Iiorvever, some coeff icients of ihe early

period reçrressiorl are not significant at the 5 per cent leveJ-"

The few r,vhich are shovtn j-n Tab1e VII-2 have highty significant

coe-Ff icien-us " The surn of input elasticities are less than

unity, implying that the returns to scale are decreasiug"
.ì* Tl-re stand.a-ro er_ror of the

the tes't i s ob ta'i necl f rom
var ( cr* 6) :

where var clenotes va.riance

sum of ihe two
the fornula :

var(g) + var(ß)
a.nc1 cov covari

coi:fficr-ents useö in
_t_ 2 co,.,, ( ,,r.3 )
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Table VII-2

OF A COBB.DOUGLAS PRODUCTTON FUNCTION

American Steel- Industry

ESTIMATION RESUf,TS

The

Capital
ß

Returns
to Scal-eq+ß

0.9811

0.9796

0.9818

0. 9 821

0.9808

0.9887

0.9797

0.9804

0 "9582

0.9213

0.9982

o.gezl

t values o
si gni fi cance
tes t:'di f fer
from unit R2 D. W.Period Cons'tant

19 47 -65

L9 47 -66

L9 47-67

19 47 -68

19 47-69

1947-70

L9 54-7 0

1955-70

L956-7 0

L957 -7 0

1958-70

1959-70

I4'.0342 0.2448 0.7363
( 7.6886) (2.4433) (8.324L)

14. 0053 0 .2468 0.7328
( 8.0470) (2.6114) (e.6705)

L3.7689 0.2609 0.7209( 8.3878.) (2',.9s0s) (10.2r40)

13.8158 0.2580 0.724t
( 8.7eso) (3.066s) (10.ee80)

13.6786 0.2665 0.7r43( e.0049) (3.294s) (1r.ss00)

13. 4701 0 .27 8I 0.7106
( 9.2301) (3.s848) (11.7181)

l-L.4795 0.4033 0.5764
(r2.6485) (8.2377 ) (18.0e34)

Ir.2929 0.4L49 0. 5655
(Lt"9229) (8.0462) (16 "r747)
II.7286 0. 3914 0.5668

(10"4102) (6.4030) (rs.e146)

12.5051 0.3492 0.572L( 8"32s0) (4.282e) (rs.sss6)

L0.8744 0 .4379 0.5603
( 3.'r918) (2.3648) (r2.77Le)

11"4871 0.4024 0 " 5803
( 3.L521 ) (2,0218) (10. s254)

5

0 . I729

0.1954

0.L770

0.1798

0.1969

0.1184

0.380I

0.3595

0.6618

I.0296

0.011I

0.1012

ffi
0.84s0 1.0968

0.8632 1.1010

0.8639 1.0818

0.8697 1.1063

0.8718 1.1056

0.8701 1.1075

0.9669 2. t54B**

0.9663 2.0669**

0.9637 2.0972**

0.9624 2.0060,t*

0.9613 l_.9352**

0.9527 2.0754**

**See notes attached to Tabfe VIr-I.

Source: Regression resul-ts obtained by using Col-umns (2) ,
(8) of Table V-2.

(3), (5), (6) and
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Flor.,¡ever, the lo'",.' t i¡alues shown in Col uinn (5) i nclica-Le

that none of the re-Lr-rrns to scale is significan tl.v c'lif fr--rent

frorn uni''ri'. This ìr.eans that the reiurns in the Aneri can stee'l

inctusti:y nr.ight have been rrainllz constant througirout the

period. Thus, the majo:r difference betr¡reen Table VII-1 anC

Table Vff-2 is'that the returns to scale in the Canadian

steel industry have Jreen inc::easing in the I ater years of the

period. under reviev¡ r,vhiie those in the American case have

naínly renained constant for the entire period" The increase

in Ì:he returns to scale in the Canadian case is consistent

'¡¡ith the rapicl diÍfusion of nerv technology in Ca-nada"

B. A rYoclel Derivecl frorn a CES Prod.uction Funciion

'fhe Col¡b-Douglas production funciion 'i s a special

case of the cES prod.uction funct.ion. rt rvoul-d. be user=ul to

see v¡hether the r'indings of the last section rvould. be changed

if the elasticity of substi-uutíon between inputs v¡as no longer

constrained to unity" In ihis sectiono a model rvhich is

derived from a cES production function lvill be used to study

the production patterns of the tv¡o steel inclustries.

(a) The Derivation of the llodel

Assume the re]evant production func-b.ion is:

A = y[ô-{-p +(1-ô)¿-pJ-} (Equation 7"1)
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r...iìere e = net outpllt j:epresented by value addec,

Z = adjusLed capi¡¿1 services,

l: = adj usteä labour ser:vices,

v = re-LurTfs to scale parameter,

ô - disiribution param.eter,

y = eFficiencl' paraneter"

Differentiating Equation 7 "l partially v¡ith respect

to labourr w€ get:

# = (-*) to.r-Q+(7-ô)¿-oI-þt (-p) (r-o)¿-(l+p)
Òu p

1àQ _ ..t1_Â\¡ (l+p) tQto
dàL = \' \1-Ò J r' tî';

Taki ng logarì thms on both sides 
"

-àaL"# - LnQ = Ln,) + Ln(1-6) - (t+e)LnL + *t"A - lLrtV"V

^n ^ A ^ 
(Equation

L"# = llnv+Ln( i.-ð) -$tntJ + ( 1+p)LnpÊ r$ -p) LnQ 7 "2)

Assuming competitive labour market such that marginal
product of I abour equals product ur-g. fr "

Subs-"ihuLe { ' àA arrâncrê tho i¿-* ,Ð tor # and rearrange the terms to obtain;

"^^Q - L r1,^-.t1,-/4 ¡, Q" i1 -ì 7 .'t'/ L 'o.Lnf = -iTÞ lLnv+Ln( 7-6) -itnt) + å;t"i -jT, ($-o)Lna

Àssurae, furtheru that Hicksian neutral technical

change has taken pla-ce" That is, l-et both capitar and labour

e.íficiencies be raisecl by the same m.agnitude such that -the

na,rginal r¿rte of subsiitution beirveen capitai and laiccur remains
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unchanged at' the given capital-Ial:ou:r ratio af-Le:: technicat

change " suppose the nagnitude of ef .r-'i ciency increase ís Þ,

rvhere u = n"-b, tnen labour becomes u¿ and capitar beccmes vK.

subsiitute these relationships into Equation 7 .2, ii: becomes: I

- ðA ^- ô oLnaTtrT = lL¡tv+Ln( t-6 t -lLnvl + ( t+pS t"åO r$ -e) LnQ.

xn è8 à (uL) òO â¿ = ,, àQsince #=T'at)LT "T¿-=iíírl" u"å, *à(uL)

r,.-^ ðQ ð0- L - . ð0 - àa*hrìcs:rqJ t ð(l-tL) - ðL " u 
qrru {'t!ò(vLT - urLðl -¿'rLv'o

Also, since Ln?+r-T = m9 - LnV, the esuation can be wrj-tten as:(vL) I'

t"# = llnv+Ln( L-a t -ltni
Rearrange the above equation

m'b f or ll r \{e obtain:

LnQ+1,11Y "

ancl

- o ) LnQ+mt

ô+ (1+a)(Ln? *
JJ

and substi tute

Lnv) +

L/
TC\T

1)

or- -ol

àQ 2

Ã-7
ÕLJ

- t't
L /L:; - (L:,Lv + Ln ( 1- ô, - f,-t 

nt ) (1+o (1

f1L{/'

+P)

Pr
V

t t --çJ/ u tL *

t,7
7 -^" L

rQ(--

(L *p )LnL : ( Lnv +Ln(1-6 -LLny) LnQ,- pmi

isince Equati-on 7 "2 does not conta'in a ter¡... for Çapi-ual
service, the resultant equation uncle:r the assurnption of
FIi cksian neutral ity is i-he saine as that under the
assumption of Harrod neutral technical change.

)"Although the returns to scale, y, may not be constanL., lalrouris stitr rewar:dec by it.s margr'-nal product as rong es perfect
coinpeti tion and lrrofit maximi-zati on e-re assuneil . Ho\,vever,
increasing. returns may eventually lead to a nonopolistic
situa-tion. Thus, unless competition st.ill pre.rails in the
laLrour market, product wage may not equal mãrginal product
of labour"
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a - i , a ,a /1 :r 01 1 i'/ i /.,eta-,^ orlr LLnL :r-o ( 7-nv+Ln( 1-ô) - LLn'r) - -t-..7-n': *,* ( i+v-) 7.¡zQ- 1+^ t

t't'rit'uen in conpact form, the equaiion becones :

i-n: =Õ + itml r cLnC + :;.i ( 7. :i)

-7c-ii,.¡here a = 1-,"( Lnv*Ln(1-o)- i r-n^t),b : - **
7 , o, r.r*o

c = + (1+ -1 : /-*\ ; _ Pmt+p V V( jrp,/ , 4: -1+p

Equat'i on ( 7. 3) states that labour requirenent is

relateC to product r¡¡age ¡ il€t output and tine in a log-Iinear
Irel-ationshipi It enables us 'eo calculate the elasticity of

su.bstitution, the d.egree oí returns tc scale and. the rate of

technical changie. The dâ--â useö for fitting Equaiion (7.3) are

the same as those in the Cobb-Dougla.s prociuction function

estination of the p::evious section. Ad,litional series usecl are

the product \'vage series for the Canadian and À:¡.erican steel

inCustries v,'hich are obtaine.f by oeflating hourll' ernploynent

costs by industry selling price inde:;es of steel products.

If constant returns 'uo scafe a.Te assumed., i-ê.,

u = 1, Equation (7.3) becones :

-at'/Lni=o'*+b'kln;+C'*t

The above equation has also been Fiited to both

Canadian and. Anerican Cata, nor.vever, al-nost all coeÍficients

are not significant at the 5 per cent level. Thus, 'the

folloiving discussion of estii¡-ation results is linite,l to those

or Esuation (7 .3) "

'- Ihe alt<:rnaîive íorns of =quation (7-3) ¿1re :
'Lnl,/i,:a.+b-Lni,'/r'*c-,Lni,1-1.-, a:.i1-'.). i-t:,..¡-i,:.-i-],'-'Lz:':.t/Î+c,Li':Ll:-:-nL

'l1J-i"¿ó!-

The estimator of . L j-n the f irst equation rvill be bíased. and

inconsistent if Q on the righthand side is in fact not pre-
determined. The unscrambled estimates of the parameters of
of production function are irLentical to those obtained by
Equation (7 .Z) .
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(b) xsrimation Resul ts
(i) Canadian case

Ãs in the case of tÌre Cobb-Dcuglas procluction function

estimation, a stepivíse reg-ríession procedure j-s taken for the

CBS regression. Out of a total of 29 equa'tions fi'tted in the

Canadian case, 7 regressions have all- their coefficients

significani at the 5 per cent level except the coefficj-ent c for

for the period 1960-69 and are shorvn in Table VII-3.

Before interpreting regression results, the meaning

of the parameters in the eguation should be noted " The absolute

value of b j-s an estimat.e of L.he elasticity of substitution

o v¡hich is related. to the substitution parame'l-er, Q, acco::ding

to the relation o (1+0) =1.

Thus, the value cf b is inversely rela'ted to that of

the subs'titution parameter " The fornr.er increases as the latter

decreases. It is eviclent that the va-l-lre of Q cannot be less

than -1_ since if it iloes. the elasticity of substi'bution

becomes negatiire} The returns to scale parameter, v¡ can be

sma-ller or greater ihan unitv but not fess than zero" It

represents decreasing re-turns if it is less than uniLy anC

i The elasticitlz of si,rbstici-rcion can be defined a.s :

o= C Ln(K/L) /d L¡t(ilPr/tip-,,) . Unde:: perfect competition , iiPl/:,i=,,
equal s the rel a'tive þricè ratio. A neqative o rvould. inpif- tirä.t
v,'hen the pr.i-ce of labour falls bl' one per cent, -Jne l/L
ratio increeses by- o per cen't, r.ih-ich -is not consis'tent- r,¡ith
p.r:o.f ii llaxinizai-ion "
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.ìnc::easiiLg re-turns if greater than unity" The parameter fti

is the ::a te of technical change ¡¡¡here e>lponential cirowth 'trend

is a.s surned "

In the Canadian case¡ some regression coefficients

of those periocls rvhich include years before 1954 are not

significant at the 5 per cent ler¡el " This could be due to

the effects of the distorted procluction patterns immed.iately

after the Second V'l-orld. War ancl during the Korean l^Jar period "

Tn any event, the performance of the model For the period

beginning in L954 is satisfactory. All regression coefficients

except one are signif icanb at 'the 5 per cent l-evel . The

coefficients of multiple ccrrelati.on adjusted for degrees of

freedonr. are in the range oí 0.90 to 0.95 The Durbin-r¡/atson

statistic increases v¡ith the d.ecrease in sample size, except

in one case" Although only in three cases the Durbin-Idatson

statistic 'i s greater than ì ts upper value l-im.it, those that

fall- in the inconclusive ra-nge are close to their upper

limits"1 Thus, oo the whole¡ there is no clear sign of

autocorrel ation "

rthe upper lirnit is 1.84 and. the lorvei: limit is 0.59 t¡ the
5 per cent significan't fevel r'¡hen the sample size is 15
anci the number of explanatory variables is û- " See P. F.ao
and iì " L. ì,iiller , AppLied Econontetz'íc.s (California :
I'íadsv¡orth Publishing Company, rnc., J-97L) , Tairle 4l
p " 228.
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Tabl-e VII-3

REGRESSION COÐFFICIENTS OF THE EQUATION

LnL- a + b Lnl+ c LltQ 1.dt
The Canadian lron and Steet .tlil-l-s

E last ic j.ty Re1-urns Rates ofPeriod

I. I9s4-69

2. Ì955-69

3.1956-69

4. 1957-69

5. t958-69

6. l-959-69

7 - l-960-69

d ¡¡2 D.w LI.

Substitut ion
Parameter

0.9243 I.1927

to Scale

o.6725 0.07f18.8907 -1 - 9807 O .5225( 6.1005) (-2.6128\ (7.2Lsr)

4.1420 -l_.8360 0.5581.
( 4.4610) (-2.3142, (6.42s6)

8.6286 -2-0667 0.5366
( 4.e566) (-2.6415) (6. 3092)

l-0.0516 -2.27lgt 0.4645
( 4.s634) (-2.8292') (4.2552)

L0.4988 -I.8923t 0.4286( 5.6795) (-2.737o\ (4.6344)

14.2A4I -2.745911. O.25Ot( s.e47I) (-3.8484) (2.r524)

14.9297 -2.8690if 0.2J.73
( 6.2008) (-4.0752) (1.8s99)

I. 9807 -0.4951

-0.4 5s 3

-0.5L61

-o.5s98

-o.47Is

-0.6358

-0.6514

0. 0697
( 2-1282)

o.0622
( r.7946\

o.0743
( 2. rstl)

0. 0884
( 2.394r)

o -o772
( 2-4750)

o.I2I4
( 3.sB6r)

0.1289
( 3.8401)

0.9027 1.2515 1.8360

0 .9 134 1.3886 2.0667

0.920 8 r.7990** 2.2719

0.9490 l-.5911 1.8923

o.g462. I.8869** 2.7459

0.9486 2.4194* 2-A690

o.6542 0.0744

0.697 I 0. 0697

o .7 037 0 . 0695

0.6096 0. 0865

0.6995 0. 0695

0.7048 0.0694

Note:1) 
" = htLnt¡+Ln( 1-6) - lln^(l
.1þ =-1+o

c = =1 r'P -ptl+p v

.oa =-1fiJn

and -b = eTastí-cii;y of su-bstítution

^ _ _(1+b)p - b- = su-bcl:íl;ul:ion

1 1-b 
p aro'me l; e n

" = ;TF = t,etuTns to scale
paranteten

' = - #î = t'ate of tecvtnicaL
cltarzg e

indicatcs th.ìt the elasticity ofsubstit'¡tion is significant-ly
different_from unity at the iO per
cent level,
significant et the 5 pe.r cent Level

2)

fl
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Tab1e vII-4

REGRESSIOI.I COEFFICIIJNTS OF TIIE DQUÀTÏON

L.nL -- a * It t"l + c LnQ + dt

The American Steel Industry

ELasticity Substi. Returns lìates of
É2 ^€ ...L^!:Period a b c d Pz D.Iv. of Substi. Paramelær te_Ê"sle_leel1:_qllêlæ

t. Ig47-63 4.6989 -O.3086Ìf 0.7t35 -O.0104 0.9599 I.777Bk* O.3086 2.2404 . I.7076 O.0f5O
( 3-e098)(-2-0738) (12 .8597) (-3 -2504)

2- rg47-64 4.BrB6 -o.32411t0-708s -o.0102 o.g6L7 r.7g4e* o.3241 2.0855 r.7583 o.orsI
( 4.3Is6)(2.3s36) (13'636s) 1-3.33931

3- rg47-65 4.7A67 -O.3025'i+0.7099 -O.0lO2 0,9627 t--8065i'* 0.3209 2.I:.62 I.7458 0.0f50
( 4.6819)(-2 .4e67) (r4. 8101) (-3.s01r-)

4- j.:g47-66 4.6902 -o.3125ff O.7]l4:- -o.oÌ03 0.9631 1.B04ot* o.3l-25 2.zooo l-.7ft9 O.0I5O
( 4-9203\(2.s508) (ts' 8971) (i.6563¡

5- 1947-67 .4-686I -O-3025tj'0.713'7 -O.0102 0.9634 I.?382** 0.3025 2.3058 I.6963 0.0146
( 4.e2Ll-)(2.4801) (ls .9049) (-3.6267\

6. Ig47-6A 4.575r -0.2838+t0.7f80 -O.OÌ03 0.9613 r.6095** O.Ze¡e 2.5236 L.6495 0-Or44
( 4.7434)(¿. 3042) (rs.776s) (-3.s982)

'7- l947-69 4.507'7 -O.2626+t0.7200 -o.0104 0.9546 I.3757 o.2606 2.a373 1.6095 o.0I4t
( 4'3521)(-1'978G) (r4 '725r) 1:J'3554)

8. Ig4'7-70 5.2795 -O.3101+fo.oe4¿ -O.OOA2 0.g324 0.9577* 0.3f01 2.224A r.A432 O.0fi-9
( a.27 36)ç-r.93s5) (r1. 72r0) t,2.2Le6)

g. 7g54--to 6.6517 -t .25s6 0,6607 0.0186 0.9671 I-2422 L.25s6 -0.2036 o,4297 o.072a

. 
( 6.B9s6X-6.3946) (I4.7480) ( 3.s2IB)

f0. l-955-70 6.4912 -1.2538 0.6681 0.0f89 0.9681- I.299A 1.2538 -O.2024 0.4333 O-0745
(.6.66o3X-6.4015) (14.7633) ( 3.s83s)

l-1. 19s6-70 6.s245 -1.2896+ 0.6483 O.O2O3 0.9581 j-.49f6 r.2896 -O.2246 0.4516 O.0701
, ( 6.1789x-6.3423) (L2.s015) ( 3.6fs1)

L2, 1957-7O 7.5083 -I .2-714 0.6i-83 0.0206 0.9357 I.8429d'* I.2714 -0.2f35 O.4l-56 0.0759
( 6.0266)?6.25s7 \ (L0' 4844) ¡ 3.6876)

i.3. 1959-70 A,9177 -L.4083 0.5565 O.O24o 0.8783 2.3565É*. I.4oB3 -0.2899 o.4793 0.OsBB
( 7.4944\-4.6903) ( 8.8623) ( 3.6s25)

14. 1960-70 9.trs2 -r.4a67 t 0.s516 0.o2st 0.e907 2.4444** r.4a67 -o.3274 0.5205 0.0516
( 7.7676t(-4.9472) ( 8.9766) ( 3.87s1)

See notes attachecl t.o Tables VII-l- and VII-3. Due to unsatisfactory results, the regressionfor the period 1958-70 is omitted
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The regression coefficien'ts aïe usecl -i-n calculatj_ng
the values of elasti c j t1z pararneter, substituti on parame.ter /

returns 'cc scale and technical change parameters, r,¿hich are
also shcivn in Table \¡rr*3. Ther-e is a clear-Lrencl that the
value of substituLìon parameter decreases towards -7 in the
later regressions. This means that the elasticit)¡ of substi-
tu-tion has increased-, rvhich is a'] so shown 'in the .tabl_e" This
increasecl flexibility of combining capital and labour in the
production process facil_itates the promot introd.ucticn oÍ nev¡

technol-ogies 
"

Although the values of returns to scale are less
than unity, vrhj-ch indica-te the existence of d.ecreasing returns
anc is contrary to the findings of the simple cobb-Douglas

production function estiination, the degree of decreasing
returns has been diminishing through time. For instance, the
r¡al-ue of the returns to scale pa.rameter for the period Lg54*6g

is 0"6275 but' it ìncreases to 0.7043 for the period 1960-69.
The rates of technical change¡ on the other hand, fluctuate
wiihin a small range witir a mil_d inC_ication of declining
change" This could be true since Lhe major innovation such

as the basi c oxygen iurnace anC continuous casti rrg inachines
rvere in'trocuced in the early years of the periocl 1954^69.
The elasticity of substitutíon shows some signs of increase
in the l-ater periods, This incicates that technorogical
change in the later \¡ea-cs coulcl l:e non-neutral since a chang.e

-in the elasticit-,¡ of sribst:'itut.iotr pc.i:mìts rítore ft e:<j_l:ie
'i nput combina- tions "
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(ii) Arnerica.n ca-se

The sanr.e nlod-er has been f-itted- b.¡ data of .Lhe

;\me-rican steel j-ndi-istr.y. The regressi on results are shor,yn

i-n Tabl e Vf f .-4.

The coefficients of rnu]-tiple corretation índicate
-uha-t the fit of these regressions is good; m.ost of their
values are around 0"95 ano 0"96. The Durbin-!Vatson

statis-tics are ei ther greater than or close to the upper

l-in.its, except Regression B . 1 Noro if we look at t.he reg:ression

results of Regressions I 'L.o B, the facts ryhich strike us are

that the elas-ticities of substi tution and. the annual rates of
technical change are loiv bu-u the returns io scale are unex-

pec'teclly high" trlote that the earlìer years beginning )_n L947

are all includecl in -uhese eight reEressions, The period from

the ending of the Second trdorid ÞIar to that o.r-' the Korean lr/ar

!v-âs t.he golden age of the American steel industry and expansion

tool< pl-ace during that periocl" presumably, subs'tantial

economies of scale r^Jere derived f¡om, the expansion " 
2 on the

ocher hanc., prod.uction technolo Ey oi the earry yeaïs \{as

certainl-v not as advanced as that of the later yearsr so that
the possibílity of substitutìon betryeen caprtal and labour in
producing a given quantity of output !^,'as very low. rn the

A tr^¡c-stage es'tinating pl:oceiure is used to
estina'tes of ReEress_i_on B but f a_i1er,r.. T'hus ,of Rec;::ession E shoul_C l¡e in'ueïoi:€ i__ec_.ì. r.zit.h',; ",-:i.i.", n.Iyf .'Ilie tecán'óloE. ca.lL¡y deter¡r'ineii econonj-es of
regarded a,s an elenent of tecÌtnica-t chanc¡e,
pp " 13-l_.1 .

i nl?::o-¡e the
the es ti-m.rtes

cai:.ti-on . See John,s t.o:r

sc al e ¿ìl:e
See l,t" Brown, o o . ci...t,
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Iater peliods, nei.¡ technologies allowed a_ g_rea,uer e.1 asticity
or subsLi tlilion be-tween inputs rvhi ch.,. in turn.- stimulated

furthe¡: -r-echnical change. Generalty speal.,ing, the net cutpu.t

gro',vth of the early years was the ::esult of substantial

economies of scale v¡hile tha-, of the later years wa_s rnainly

attributable io technical- change" Thus, r^,"hen al-l earry years

are incruded, the average elasticity of the period. is lor,r,

although the elasiicities of the later years might be high.
This explains the lorv el-asti cit.y and 't imited technical change

but high returns to scale, r,vhich are shown by Regressions l_

to 8.

As r,rost technological innovations were adooted by

the ¿\merican steet ìndustrlz in the later \/ears of the perìod.

L947-70, r./e should expect the elastici-ties and .Lhe rates of
technical change to be higher 'chan tlrose of trre early years.

Since the American steel inclustry r,y¿1s over-expanclecl such that
the capacitlz ut.ilizat.ion rates v,'ere lou/ in t.he late:: yearsi
the returns to scale should be small-. F,egressions 9 to L4

have ieft out the early years and shorv consis-L.ent results as

rvoulcl be expected. The eiasticities ancl ¡:ates of technical
change have increased substantialiy and. the returns to scale

have fallen clrastically 
"

rf Regressions 9 io 14 of Tabj e vrr-4 are comparecl

h canadian reg:ressions 'i n Table vrr-3/ one cliscove::s that
e.i-asL.rcrty of sul:sì-ì -täi-ion in the clai:.¿..ii'ìa.n case is nuch

'.,¡i t
-uirg
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girea'te-r thcìn'uhat in the American case, and the gap has beccme

lvide:: ì¡ the I ate.r \zealls. This is conce'jvable since majo:r:

technological innova-tions i./ere adopted by the canad'i-an steel

inclus'b.ry earliert and rates of difftision \^/ere greater in Canada.

These developments mighL have eased -uhe substitution betr,veen

capital and labcur. The seconcl f ea-ture lve discover is tha-u

although the re-Lurns to scale in both countries are low, they

are higher in Canada (.61 to "70) than in t.he United States

( "4L to .52) . The final feature to be noted is that the rates of

technical change for the series of regressions beginning in

1954 have been declining for both countrieso but the decline

in the Canadian case is smaller than in the American case.

Since the Canadian elasticity of substítution, returns to scale

and some rates of technical change are greater than those of

the American steel ind.ustry, it can be concl-ucled. that techno-

logical- change in the Canadian steel industry i n the l_ater

years has been greater than its counterpart in the United States

C " Si:cuc'tural Break

T¡/e used a duntmy variable to :cepresent technological

breal< in a regression of technologicar index , A(t), agains-t

time variabl e, ú, in Chapter V and found that the breal< existed

between L954 and 1955 in the canadian steel industry. rn the
present section, chov;-tes-t will be conducted L.o see vrhether

the ,regression coefficierì'Ls of va::ious snb.-pe::iods aïe equal
'to each other and- those of the whole period " rf we write a

regression niodei in a ¡natr-ix form f or the r,,rìlol e ¡;e:ciod as:
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and those of the t-ryo sub-pe-rrods repiesenteC bv

I1 = Xrßi + Ì-,1

^tlz - x2tiz - |']2

r,/e can test the hvpothesis ßr = ()z = g by comparing t'he

calculated ancl theoretical I ratios. I If the calculated E

is greater than the theore-uica'i F I then the hypothesis is

rejec'ted, indicating that a b-reak does exis'i: between the tv¡o

sub-periods 
"

Table VII*5 shor,vs the sums of squared residuals of

various sub-perj ods and the calculated E ratios for both the

Canadian and Arnerican steel industries" Às 'the sums of squared

residuals are obtained from the regression results of Eguation

7 -3, rvhich has four regression parameters ancl 2.4 observations

for the v¡hole perí-od.o the degree of freed.om_ L_'or the f statistic
is (4, 16) " The theoretical F for the degree of freeclom

(4,15) at the 0.5 per cent significant level is 5"80"2 As

most calculated I ra'Lì os i n Table vrr-3 are greater than the

tireoretical E ratio, it can be certain that. b.here had been

structurar breaks in the tv¡o steel ind.ustries. The actual

lthe calculatecl f' can be obtainecl from -uhe formu.i a:
n^
'<J /aF = ---Lß----nTl rvhere Qz is the surn of surns 6f squarecl' Az/ (m+-r7-zn¡

residuals of the tvzo sub-periods, Qz is the difference
bet.ween the sum of sguarec residuals of the r¡hole period
and Qz, k is the number of regression parameter, and m and
rL are -L.he oi:servation numl:ers of the tl,ro sub*periods.
See J" Johnston, op. cíi., pp. t36-37 "

2A. l,Í" l{ooC ancl F, A, G:raybitl , I.itiy,od,tLcticn to i;\te ?'heory
o i Stc¿l;t stt-c s (lie,,r' York; lricGrarv-Ilill, seccnd. edition,
L963), p" 434"
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cuttjng points are incl.icated by the highest r¡alue of calculated

ï rat'ios. Accord-in9ry, -the structur:al b:ceak occurred. between

1959 anc'l- 1960 i n the Canadia-n case,. a.nd, it existed betlveen 1953

and L954 in t'he American case.

The reason for la-beJ-ting the break in this section

as a structural break as disLinct .,-'rom technological break

discussed in chapter v, is that the capital service series
used in that chapter was adjusted for cycrica'r factor

the capacity outpu'l- utilization ratios while no adjustment. can be

mace here since the capital servíce does not enter Eguation

7 "3. Thus, it is natural to find some difference betrveen the
tirning of t?re tecirno'logical and structural breaks "

The results shorvn in the tabl-e shoul d be in'terpreted.

v¡ith caution. For instance, some of the regression shor,vn are

not very signi-Ficant because of the inadequate clegree of

freedom. Also, the tim.ing of the breal< could ha¡¡e been affected
by demancl and other cyclical factor. For instance, the American

struct.ural break of 195 3-54 coulcl probably be due to the

completion of a series of major invesLment aciivity stimulated
by the Korean !'iar, However, one thing rvhich r,ve can say for
sure is that there had been structural changes in both the
canadi an anc Ame:rican steel industries for the period
L946-47/L969-70.
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Tai:le VII-5

T.ESTS OF EQU¿\LIIY OF P.EGIìESSION COEFFICIE}TTS

Sum of Squared- Residuals
Peri od 2

Ca,lcu1a-ued
FPer'í od I

CÄ}.i¿\DA
19 46-52
L9 45 -53
1 (\ 4 i: __i: A!J"1V J.:

L946-ss
L946-56
L9 46-57
L9 46 -58
L946-59
L946-60
19 46-6I

UNITED STATES

L9 47 -5l.
L947 -52
J_9 47 -53
L9 47 -54
L9 47 -55
L9 47 -56
19 47 -57
19 47 -58
l.947 -59
L9 4l -50
L9 47 -6L
1Atl 1-E1
LJ=J VL

L9 47 -63
l-947-64

0"0074L3
0"c07435
0 " 012630
0"013608
0 . 013 819
0.0L4577
0 " 015451
0.0Ls492
0.01_7369
0 "0L7316

0 " 000504
0 " 0 013L4
0"001529
0.002090
0"002864
0"002879
0 " 003363
0 " 00 4723
0"005317
0 " 005796
0"005817
0 " 005910
0 "00692L
0 "006987

0 " 0264L9
0"012379
0 " 011738
0 " 009894
0 . 00 BB2L
0"005457
0"003386
0.002762
0"00254L
0"002539

0.013733
0. 0084 B9
0"0037L6
0.003413
0 " 0032L6
0"002896
0.0022?,0
0 " 0 ûr-414
0 " 00LL79
0.001028
0.000872
0 " 00 0244
0"000242
0 " 000183

2.Q965
6 .4L2Bx
4 .4649
4 "7761
s. l1r0
6.297L
6 "9524
7 " 2997 ì'x
6 "3625
6 " 35sB

4 " 0L07
4 " 0027
7 OOña;'c:k
I cJJVa

7 "4302
6 -347 4
6 "8920
7 "L4L6'h
6 "26LL
5 "5927
5 -2254
5 "4067
6 "2L56
4 " 0000
3"9981

1953-69
L95Ã,*69
1955-59
t9s6-59
1957 -69
19sB-69
r959-69
196 0-69
L96L-69
L9 62-69

L952-7 0
1953-70
L954^7 0

1955-70
t956 -7 0
L957.-70
1958-70
1959-70
1960-70
19 61- -7 0
1962-7 0
7963-1 0
L964-7 0
L965-7 0

*.,--,^*The highest -P ra'tio"
*The secon<1 highest ratio besides those whi ch a::e close to
the highest ratio.

source: The sums of squared residuals are ol:tained from the
residual analyses o.i-- the regressions shoi,vn in
Tables VII-3 and VII*4,



-227 -

D " Ccncl r-rsi on

t{e irave at-Lei,..1:-te-i -Lo era.rriine the p::oi'r-tction structu,r:e

anä the nature of teclinoiogical c.hanqe in the Ca.nadia.n and.

Àmerica.n steel industries by u-sing â crLicrie Cobb-Douglas

prooì.uction function and a model d,erived írom the CES prod-uction

func-tion. As the a-ssuärption concerning the elasticity of

substitution or' these tr,vo nodels is not the saÍìe, the results

canrro-" be e>rpected to be id.entical. Nevertheless' sone

consistent results of the later oeriods have been found. and

are brief lv l-istecl as follows:

( 1) The degree of returns to scaf e in 'i:he Cana-d-ian

steel industry has been greate:: than that j-n

the ¿\nerican steel indus trY .

(2) The elasticity of su.bstitutj-on has becoäre

greater in la'ter years in both cases but the

value of the el asticity and its rnagnitude of

increase at:e greater ín the Canadian case than

in tle American cese.

(3) The Canad.ian rates of technical cha-nge are

E::eater than the Àmerican ra.tes in soine cases "

Since the changes in the elast.icity of si-ü¡sti-

tut'i on and returirs to scale are components

of lechnical change, and they ar:e all grea-ter
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in the Ca.na-c1i an ca-se, it is conclu_'ied tha't
-tec.ani cal change 'i ¡ the Canaäian s Leel i nc],ustr:z

ha.s been greater than -in the zl¡re-rica-n steel

indus try "
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çlep tiå_yiJ I

SUI/iI,]AIìY Ã}ID CCNCLUSION

yie have now come to a stage where we have to tie the
analyses of the previous chapters into a coherent discussion of
technological change. We shall begin by presentinq a summary of
the main themes, and then present the findinqs and conclusions.

¡1" A Sr-u¡mary

Astoni shed by ilLe unprecedented growth of the steer
índusLry, -uhe present thesi s rvas clesigned to d.escribe its
der¡efopment, to study the difiusion process of ne\v technologies
and to eval uaie t].e contribution of technological change as v¡ell
a.s the production relationships under the changie"

The tochniclue of iron-making was brought into canada

as earllz as L736 " The rnal<ing of iron a-nd steel- rvas encouraqed

by a bounty svstem and other protective measures in the early
years but the g-reatest stimulation was the outbreal., of the two

worl-d viars " The ;oeriod s'i nce the end. of the Second Vtor].d tdar

has been a period of rapid gro',vth fcr the steel inilustry. part

of the explanation for the expansion of iron ancl steel- production

in general is 'the availability of nerv techniques of iron ore
preparation such as sintering and pelletizing" The economic

im,olrcaiions of these nerv technioues are the reducti on of
trarLspor-uation cost per unit of -'i ron content ancl thre use of
second-class c::e ,*Ìrich r.vas not profiiabl_e before. T¡1 the case
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o-1 il:e Canadian steel industr:', the groi.rth r,,ras acceteratecl b1z

the p::onlpt aclop-uion of neiù iechnologies of steel-making. The

tr.ro ilajor ìnnovations i.vere the use of f-he l:a-sic oxygen furnace

and the con'uinuoLrs cas'uing rnachine" The effect of these

innovations v¿as the saving of ranv materials, time, machine

motions , capitaI as weJ.J. as operal,ing costs.

I,Ve have placecl much emphasis on -yine prom.pt adoption

of nerv technologies. lrlhat v/ere the factors rvhichr- made this

prom.pt adoption of new technol-ogies possible? trrlhat are the

factors which affect the ma-nagement's decision to increase

capital stock by acquiring' nelv machinery ancì equipment, or to

repl ¿.gs the nerv f or the olcl in general? Tl:.is is the topic of

dif.r-'usion of technologv. salier argues that if competition

exists, the l-ower price of the product prod.uced by the ne\,v

technology rvil1 eliminate tlLe quasi-rent on the ol-d capital

equipment. and hence force the proclucer to abanclon the ot d

technolog;y "r l4ansr'ielC considers tÌ-ie profitabiliiy. of the

innovatìon, the size of ihe investnrei-lt requirecì by the innovation

and the size of f'ìrm as the major factors v¡hich affec" the speed

oÍ inritation or diffusion.2 Àl-len, argues that the greater the
growth rate of the viage rate and/or the l-altour share in the

inclusLr-y, the shorter the econonúc life of the capital equipment.

lvilJ- be, implf ing that ti.e pace of dir'fusion will be fasier.3
lSee the discussion in Chapter III.
2see Chap te:: III.
3See R, G" D" Ällen , llacz,o -Ecor:,ornic: Theory , p . ZgS .
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À close:r -Loolc at -,_jre Cirrusion ,oat,terns cî ',_he bas.i c

oliygen jlu::nace anci tÌre conLinucus casting n",a-cj-rine in Cana.ja

:revea-l:; thaL the f i rm.s rvhich f i:rs t ad.o;otecl the i-nnor¡ations v/ere

smalI firms ivith small- narlc-et sha.res. A sirnilar diffusion

¡:atcern existed in the American steel indust:ry -- big firms

lagged behind in adopting ti-re basic oxygen Íurnace anil the

continuous casting machine. A-u the industry 1evel, the Canadian

steel- inclustry aclo,oted both innovations earl-ier than the American

and maintained a higher diffusion ratio or' the basic oxygen

fu::nace until 1967 " The divergence in the diffusion ratios for
stich a length of peri od v¡as probably d.ue to the f acis that the
growth rate of the vrage rate in the canadi an industry r,vas girea-ter

tharr in the American industrt¡, the Canadian steel market was

growing due to the increase in cleinand., the forces of conpetition
were opera-ting ancl the profit rate of the inciusLry was relatively
irigher than in the ¡tmerican industry. The younE age of sieel_

furnaces is be1ieved to be one of the factors which delayed the

acloption of the basic oxygen furnace in the Lrnited. states, but
it was relatively unimportant in Canacla since as the industry
Ì¡74-s growing¡ rlel^/ investment was more in'Lportant than replacement

investment" on the other hancl, the timing of the adoption of
the basic oxygen fu:cnace in the later period was found tc
coincide r,vith low-utilization ratios o_t capital s-tock. This
micrht be an indication that the low-util-ization of capital put
pressure on steel producers to replace new equipment for the otd
in the hope of reducing costs and raising demand.
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Evalila-.icn of Technol.ogica.l Change

'iire liie'ti:ods acropted

ch:rnge cn net ou-tr:--l.t gro.v;th

t::ies ë-r= na'i n-Ly :

(4)

lÌ^ ^ ^;LrlS ú !

iÌ clnC

I l'ì

an

Iil€cl-SUl.1-DÇi

i:he C an ad:r- a,

f ec t of te chnc]_oqi_cal

:rrlt3ïica.n s t:el inc-llis-

( f ) Solorv's approach ¡

(2) Den ì son 's app::oach;

(3) Cobb-Douglas prodr,rction function estimation
approach;

CES pr:oductj-on function a;oproach

These approaches can be classified i nto two n,ajor ca.tegories ,

nanely, the resid-ual approach anc-l the proctuc-uion function estimation
apor:oach. As we mentioned in Cha.pier TIr, the Soloiv aircl Denison

a.p,oroaches are esseni-ì alllz 'the sa-me" Tire C.ì f ferer:ce is that the

Deniscn apÞroach also evaluates the contribution of othe:: fa-cto:rs

such as educa-tion indirectly lvhile -jre Sclow moiel consicler:s only
capital and labour. lr7h.g¡s assumptions are concer.ned Solow's model_

assunes neut:ral technical chang'e and constant lle'Lr-lrns to scale. The

Deni-son a-.cproacn also assìrìnes constant reti-rrns to scale buit no explicit
assumption on the nature of techn'i cal chanoe is nlaij,e.

The constant return assurn,c-l-ion j-s rel_a.xed. in our Ccbb-Dou.gla_s

and CES proCr-rction function estimations" Again.. as r¡,/âs pointeC out in

Chapter III/ the for¡aer is a special case of the latter. The Cobb-

Douglas assumes a unitary elasticity of substitr,rtion between inputs
r,'¡hile ìjre CES assumes a constant elasticity. Technological change is
usually represented by an exponential- growth, ra'te of ti¡ne -uie¡cL" The

labour requirement eguation, vrhích is d-erived. fro¡n a" CES fnnction,
incorpcrates a tìi;ie t::end to ca,oture the r:ate of technologlcal change.
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Ti¡e üiai n crj-'iicj_sn on the residu.il app::oa.ch is tj-lai the

contribu¡,ion of teci-rnoloEtcai cira-nge so riLcâ-sured i s in f act a ineasLr.te

of -Lgno,,:a.nce" The Ðetrison a-¡:.c-rc-iach at.teri,.rts tc :reciuce i:he ¿inouilt cr
ignora.nce bv considering -r'actors cihe;: than capital a-nC labour.

iloi;eve::, fa.ctors r¡hj-ch cio no'L. irave an e:.,p1lcit rna::l<et va.l-ue su_ch as

resea:rch and developmeni are sì:itl difficult to be inco::po::ated in
the r-ir-eesurenent of the contribution of technological change. The

Sciorv neasure has an a-dcìiLional drar¡¡back in the co¡npa:rison be-t¡¡¡een.

the contributi ons of 'L.echnica,' change Lo I abour productivity g::owth

in two industries. The contribution to labou,r productivity gro.rith

in toercenta-ge term is calcu.lated by usinq the formuta:

Technologica.l inCex,
L a-b o u:: p rocl-ucti v t Lv ^ / L ab o ur þ iò-Ouc tiÇî ty,

rvhere T denotes the ending yea_r of the period. ano i the beginoing

year" For iirstance, íf laboui: ,oroductrvity has increaseä b:r tÌrree

tines while the technolog:-cal index has increasea by 1.5 tines" then

the contribution is cal-culated as 50 pe:: cent. However, if the

technological indexes of tr¡o inC,us'tries are the sa.me but ihe labour

productivity raiios are not the sa-r¡-e,. then ihe contribution of techno-

logical chang:e is greater in the indust.r:y ivith sm.al]er rabour pro-

d-uctivity grovrLh than the other rvith greaLer labour procuctivity

grotvth. This in fact occurred in our conparison ]¡etrveen the contri-

buti-ons of technological change in the Canaclian and Am.erican steel

inclus iries .
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one of the limitation of single eguation estimation of
produc'uion functíon is the simu-r taneous equation bias. simuf _

taneous eguation bias arises if the estimated equation is a part
ot' a simultaneous equation system" rn order to ¡naximize its
profit' a firm has to decide on the amounts of capital_, labour
and output in such a way that the price of an input equa.ls to its
margii¡¿1 prod.uct'i Thus, the complete svstem consists of the
folloio'ing equations :

O = f (K,L;t)

3g: g and aQ
âLPáK

rvhere R represents rental on

substitution of the marginal
2equations are:

=B
P

capital. fn our systern, after the
productivi.ty relationship, the

trrlritten in a forrn, the pro,luction
\) - ^

Orn(sx 
u+(1-o)r,-P) 

+

A - y( ôK-P+(-r--6)

lnL=a+ba"H

In I( = a, + b' ln

logarithmic

lnO:'l n",

V

I -fr )-Eeul+gt

+clne+dt+
TI

" 
+ c'ln q + d't

Ll-

¡ Uî
J

function,

qt- + u-
I

becomes:

t
"This determin?tig1 j_s 

_expressed b1z a system of function relation_ships; the production r""ä|i""-..:'iä àut one of .them,,. seeJ" Marschak and i{"H. Andrews, "Random simurtrrrÀà.r=--Èquationsand the Theory of production;, e""""o"trica, .,g44, p" L44.
L

The derivation of. the capital requirernent equat-ion is similarto that or r,he rabour reäuirem";Ë-;õ;;T;":="öåå";n" 2L3_2r5.
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where the uts represent dìsturbance terms- Tn the above system,

the product-vrage, $, the rental of capita.l, $ and time , t, a.re

given" In the l-abour equation, L is dependen't on the disturbance

term u. and in the productìon function e is a function of L.¿-
Since 0 is partially determined by L and L is corretated v¡ith

u", O is thus correlated v¡ith u. in the labour equation. Similar¿. ¿ -

r:easoning can be applied to the capital eguation. This violates

the crucial assumption that explanatory variables should be

uncorrelated with or independent of the disturbance term in order
to obtain the best linear and unbiased estim.ator. The consequence

is that the single equation least sguares estimators of any of
the equations alone will be both hia-sed and inconsi stent" 

1

However, if the explanatory variables of the estimated equation

are fixed. or qiven, then the unsatisfactory nature of single-
23equation least squares ¡¡anishes- It is argued by l{alters that:

"The choice betr^¡een the single and many equation models
must depend on the purposes for rvhich the estimates are
required, the availability of data-, and rel-ative errors.
The results of empirical research in other fields of
econometrics suogiest that it is danqerous to be pedantic
about the superiórity of simuftan"oú= equat-ions õr single
equati on methods " ft is likely that , ít the pu.rpose of
the mod.el is to pred-tct output for given quantities ofinput, the sing]e equation approach .¡ill be best."

For the discussion on sim.ultaneous bias of prodr-rction function,
see J, Marschak and I,V"H" Andrervs op. cit. n PP " L64'l6B' M" Nerlove,
Estimation and Iclentification of eõbb:Dohqlas Production Functions,

Cost Functions: An Econometric Survev", Eco.nometrica, L963 pp.L6-20

The least-sguares es timate is said to approach the true values as
the sa-mple variance diminishes i"e" n t^rhen tl-re sarirple size j-s large.
See J. Marscha-k and t¡i 

" FI. ¿\ndrervs op " cit, " , PP " L6 6*16 B.

A. A. Waltersr op, ci''u", p" Il 
"
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Tn the estimation ".f labour requirerrent eqr-ration, the
explanatory variables a-re ma'inll¡ outpu.t, e and p::oduct ,,vage, $,
which ís exogenously given in our system" Due to the p.o¿,r.t-
orclering slrstem v¡hich is pi:evalent in the steel inclustry, the

output of a certain period can be planned ahead and roughly
I

regarded. as fixed or given. Besides, the capital stock in

the short run such as a year can also be regarded as given

since the acquisition and installation of additional production

equipment usually take more than a year" Thus, vrhile the

limítation of the singrle-equat'ìon least squares method is

apparently known" the bias resultecl. in the estimation of the

labour equation is expected to be small.

Due to the different assumptions ancl l-imitations,
the findings of the approaches vary. The maín resul-ts 6f the
various approaches can be briefly listed as follorv:

It has also been pointecl out that steel producers tend
as close to capacity as possibl_e as the steel indus.try
capitalized and fixed costs are high. Since capacity
change d-rastically in the short run¡ this impl_ies that
do have some idea of the amount to be prod-uced. See G
op" cit", p" 34"

to operate
is highly

cloes not
producers

"E. Wittur,
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Cor-is tan't :retu::ns to sc¿¡-lil , pe rfect
coÌîpetitic¡n anc-l neutral- L.ecirn'i cal
chanqe,

The averaEe rate of the pe::_ioc :ì_955-69
(0 , 016 3 ) is cJre a-Ler than that of -uhe
period L946-54 (0"0l_4f) in Canada.

Tile technolog-ical structu::e in the
Canadian sceel industry of the perioC
1955-69 v/as distinct fro¡.¡ that of
19 46-54 -

The cumulated- Cana.d'i an i:echnological
ind.ex is Erea.ter than that of the
z\i¡.e:ri can steel inclustry" And the tirne
t¡end of the Canadi_an LechnoloEicat
index is fcund significantly d.ifferent
fror,r the Ärnerican (.00S69 vs" "00595) .

The Cana.dian I abcu:: productivity rneasu:::ed
irlz net output per man-hour grew bv l_50
per cent for the pe::iod L946/47 - J_969/70

53 per cent o.f labour ;orocr,uctivity growth
is a.i-tril¡utable to -technological change
anci 47 per cent to 'ihe increase in
capital per flÌan-houi:" In the z\me::ican
steel indu.stry, technological chanse ha-s
contr-ì-bu'ued BB-89 per cent to I abcur
productivitlz growth since tire latter has
been smal I " The cont::ibution of tech*
nological change to totat net output
groi,vth in the Çanadi an steel inclustry is
31,2 pet: cen-r"l

t J/

n.l" Deni-son's l4e'uhod

(1) Assur.rptions: Cons ta.nt reiurns to scale z perfect com.pe-
tition, productivity offset. phenomenon,
aäd pcsitive correla.tion betr,veen school
years and earnings.

I*The Canaciia.n net out'put r.vas $12S ,873 ,600 in Ig46 anC $557,858.600 in196-q. The r:atio is 4"328E and the ratio of the technolcEical- index
-i-¡ 1959 .to that in L946 is 1" 351-¿1" The con.i;::ibution of iecirno'togica"J-
cha.¡rcie to to-ual ne t on'tpr-rt grroivth i s then calcula.-ued. a,s l-" 35 L4/4 "SZgA,r¿hich is 3I"2 per cent. See Tei:les V-l_ and V-3.



(2) Sources of nei.
ouipr,rt g:roi,,itÌr:

237

G-roi,¡th in ioi-a-l- lai:ou¡:
La-bour eu.alitiz cha-nge
G::orvth 'i¡ total capital

servi ce (l:efo::e u'Lili- 54 "gOzation j-s correcteC)
Capital service quality

'ó

20 "a3

c "96
-9.07
27 "87

change
Underu.til-i zati on
Technologica-l change

C " Cobl¡-Dougias Estíma,-uion

(1) Assureption: The elasticitlz between capj_tal and
labour is unit¡z þrr¡ tire returns to
scale rilay not J:e constant.

(2) Returns to Ecale: Tl:e Canadian reì-urns to sca-l-e of the
perìod L946-69 are not signifj-cant.11'
different fron-i constant returns but
those of th.e per-i-ods 195Á,*69 and,
L946-66 a.l:e signíficantly greater tha.n
unity a-t the 5 per cent level . Thj-s
implies that the retu.rns to scale sf the
period L954-66 are signi f icantl y increa.sing "

( 3) Corirpa::isou: Tire surÍrs of Arne:: j-can input el-asticities
are less than unity, irnplying the e>:is-
'¿ence of decree-sing returns " But the
t tests find that none of them. is signi-
ficantllz different. from unitlz at tjre 5
per cent Ievel. Thus, consten-u retu.::ns
to scale prevai led in the Anerican steel
indus try .

D " CES Esti-mation

(1) Assumpti on: The el-asticit¡,- of siibstitutl:on l:etv¿een
capital and lai:ou:: is a const¿nt, ::eturns
to scale may not be constant anci technical
cha-nqe is Hicksian ueut::al.

(2) Elasticity of Tire Cairadra.n ela-sti cii:j e s alre est'i ¡.,atec]
substituiion: J:ê'ul'Jêêrr l- " I a,nc-i 2 "8. rn irost cases, they

a_Te siqnif_i_cant1-)' gi:r:eatcr than unity r,.,hj-l_e
'che elasticities in the zlinerican case are
I ci,¡ and are not signj_fica_n-,1y Cif íe::en.t
f ront oile "
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( 3) ¡lì.el-urns to scale: The r:etu-::ns to scale al:e less tha_n unit¡,-
in l¡oth Ca,nadian and è-rner:ican cases i:ut
the Canadian z-eturns ã_ire consístentJ_y
greate:: than those of tjre Anerican"

(4) Rate of techno- The Canadian rates of technolog-i-cal cira,nge]r-,rriç¿f change: for the later years ar-e betweeñ 6 an¿ Bper cent while the Arrer.i can rates are
betv¡een 5 airc. 7 per cent fo:: the cornparal:le
subperiods " The Ai¡eri can rate of, the
period L947-7C is about !.2 per cent anC
those of the earl1z subpegi ods âre aroçnd
L"/.1 pe:: cent.

The differences in findings of the various aoproaches ad.opted

are obr¡ious " The follov¡ing d,iscussion v¿il1 focus on the con¡:arison of
finclinEs v¡'i -th respect to Llie rate of technological chang:e, the ::etu::ns

to scal-eo ihe elastícity of substituticn and the l:realc in technol-ogical
stru.cture "

The averô-ge ra-te of -uechnol-ocl'icai change in the Canadian ce*se

f.or the períod L9t!6-69 is calcul-ated as l-.53 per cent by usingi ihe
Solor¡¿ nethod. The Denison inethod ca-lcula-tes the contribution of tech-
nological change for -r-he wlrole pe::iod as 27 "87 per cent" The annua,l

rate of technol-ogical chanEe is -'hus 1.16 per cent. This is consistent
J:ecause in the Deni son app::oach the residual is red-ucecl through the
quantification of input quaJ-it1z cl-ia-nge. F]o\{everr the ra,ces of tech-
uological changie esii¡naLed by the labou:: reguri:rernent equ.a-uion are

relativeil'ìiigh; 'cirey are beti¿een 6 and- 8 per cent in Canad-a. anC J,¡e+-\ieen

5 and 7 per: cent in 'cire Uniied States. i.iote that these ar:e Ìjre i-a,tes

iir the I ate r pe::i-ccis a-nd ð-ie not tne averaqe ::aie of the enti::e per.ioo.
nl^^ ---!^ s^-^'r'n'e .rrä-ue i:or the enì:'i::e perioct 7917'-70 in an. 

^r..rica¡, 
ca.se is aJ:ou.-t

L"2 per cen-t anil tilcse for cr'Lirer eai:J--¡z pc'r'icds ai:e a.:ound 1.5 per cent.



239

It i s consi stent to have highe:: r¿rtes 'in the I atei: sulperioc-s beca.use

r,-letv technol-o-jV \./as aclopt.ecÌ in Lhe l;rte:: lzears. Neverthel ess, the
es'tiii.a{:e-s al:e s tir-L gr:e è-ecr ìùaa thcse ca.iculatecr ,'¡\z Sol-c-ø,s nrer;hod." l-

The expl ¿n3.¡i6- lies in tire f act that r^¡e use a s¡naller n'.an-hour series
in the est.inat'i on of the Cobb-Dcug.l as and the I abour requireinent

equation than i,¡hat is used in the Solow and Denison chaptet=.2 This

l-ea-Cs to an uptriârd adjustmen-t of 'uhe est.imates of the rates of techno-

logical change" Al-though the r:ates so estima-teC ca,nnot be strictly

compared, some obser-¡ations can be offerecr." Firs-t, the rates of
'technological change of the I a.ter izea-rs are re;oeateCly shor.¡n to be

gireate:r than those of the early years " This is tr:ue in both Cana.d-ian

and American cases " Second, i:he Canadian rates are qrea-ter tlran those

of the A:nericans for the co¡c.parable suJ:perioCs" ¡\n annua-l rate betrveen

1'0 and 1.5 per cent is believed to be the avera.ge rate of 'technological

change in the Canadian steel ini.ustry" T'his means that technological

changre has contribruted about 25 to 35 pel: cent to ne't output groi+th.

Cons'tant returns to scale is assumeil in both Solo'.v and

Denison approaches. The Coi¡b-Douglas estirla-tion ind'i cal--es that white

this is true for the Àr¿erican steel industry, the CanaCian steel
inCustry sho.¡is signs of increa,sing returns tc scale in the pez-iod

1954-69, The est'i¡nates o-F the labour requirement equation, holvever,-

I*The avera-ge rate of iechnologica-t cira-nge in the American steel
indusLry cal-cul-a,ted fi:om. Table v-4 is 0.84 per cenL (Test l) "

I-i"Ian-hour series i5 obtained by divid-inc1 total r/aqes a.nd salaries by
hourl-y earnings in Chapter V but hou::llz enrployr.ent costs are usecl in
Chapter VIi" The lat.l*er is g::ea_te:r than Lhe forne.i:.
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sh-ow that the.returns'to scaje ha-.,2e l¡een Cecrea-sing in both Canaia_

a,ncl L.l-,e u::litei s1-ates i:r _recejlt yea:i:s " äl-r j_s j-:; in di::ec L conf tic-'
r'¡i th- 't?re f 1-n,1ings of chc Ccbb-.Doi-rgias f unct-i-on es't'irnatíc¡n. l.io¡:eo,¡er,

the est'irir,ates a-re lotv; tirey a.re between 0.6 a-nC. 0 "7 in the Canadi a-n

case a-nd. are iretween 0 "4 anä 0.5 i¡ the /\ine::ican cô.se. Àlthough it
may be tru-e that ijre steel- inciust::y may run into decrea.sing returns,
the estirnates a-re tco fci¡ to be real-'istic" ft seen.s probable tha.t
'the Canadian s'tee_l industry has enjolzecl some Cec¡ree of increa_sing

returns in recent years as the i:esult cf ado,oting nerv technolcgv and

e><pansion rvhi-le'¿he American steel inciustrl' ¡r= received milC. decreasing
returns" one th.ing v¡hich ca-n be certain is that the Canadia.n retu:rns
to scale have been greaL,e:r than-the Anerican::et'ur.rns in mos-L cases.

The estinatìon of the labor:r requìrei':ent equation a,lso indicates
-uhat the elasticity of substitr-r.-tion Uetlveen capital and- labour in Cana-d_a

is muc'r g'reater -r-han tha'L i¡ the uni'tetr states. The g:reater elasticitlz
inea:ts Lhat the combínaticn of capì¡¿¡1 and labour inpu.ts is rc.ore ftexible
in CanaC-a. Thus, iL lvill be easier to substitute one input fo:: another
when -uire rel ati ve price of input. ciranges ancl so there is a o;reater

Írcssì-bility to nininì_ze costs fo,: a. gj-ven output.

The tes t of technological brea-li reveals tha-t the technol-ogical
siructure in the Cana-dian steel incìustry of the period Lg46-:1954 is
not the sâr¿e as tÌrat of the pe::iod 1955*1969 " The break occurred., rir
l-954. Tnis is consistent rvith the aC-option of nei'¡ technology beginniirg
in L95!, 'i;1 Canada
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Despi'ue the contraäicto:ry esti lJ.ates / the follorv'inq observaticns
can i:e s.-rir,¡la-ri zeil;

tr) The returns to scale in tire ca.na.d-ian ancl Anerican steel
incrr¡-str'1 are close Lc cons'ta-nt ¡eturns. Tllere are inc-i-
cations that -uhe canadian returns have kreen increasing
anil the .A¡nerican returns decreasing i,lithin a na_rro\r rânc'ej-n ::ecent years --J

rn mosL câ-ses, 'Lhe canaclian returns to scale have been
grreater than 'c-he Anerj-can returns. The canadian ela-sticit.y
of substitu-'ion is also found to be g,reater" Tncreasing
ret'.irns are elements of neutral tecirnical change a-nd
greate:r elasticity of substitution allor¿s ior rnore flerible
corir-bination of inputs ancl so is mcre adaptabre .to techno-
logical innova-tion "

The average rate of technol-oqical change in the ca,na.dian
steel industry is believed. to be betrveen l-.0 and 1"5 per
cent" Judging frorn- the technological index ano the average
rate of 'L.echnological change in the Solow test, a-nd taking
::eLurns to scal-e as elenent of neutra_l technica-l cirange, it
is concluCeci th¿ t the rate of technological cha-nge is greater
in the Cana¡l::-a-n steel inCi-rstry th¿¡ it; ¿\merican counte:rpa.rt"

Technol-ogical change has tirus contributed about 25 to 35 per
cent of total net output grov.i-uh in the cana-clia-n ca-se " rnput
qualíty imprcvernent con'tribu-ted about 5 per cent to net
ouipu't ç¡roirth.

(2)

(4)

(3/ Technological l:real< occurrect ín Lg54 or 1955, -¡h.icir is con-
sistent v¡ith the tining of the rapid diffusion of nelv teci-r-
nol oEy -in the Canadian steel- ind.u.s Lry "

(3)
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C. Conclus ion

I,üe have ::epea'ted]-y found the positive re]-a-tionship

betl^¡een the cliffusion of neiv technologies in steel-rnaking and.

the grorvth in net output. The stream of thoughts in this rvork

can be illustrated by --he foJ.lovring fl-ow chart

Diagran Vi II-l-
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once 
"^¡e 

har¡e esta-bl-ished that ihe g::eater the cliffusi_on

ra'ti o of ner.r technol ogy, t,lre greater tire growth i n net outpui
has been, the role of factors in speedingi up the diffusion rate
becones critical" I{e discussed at tength the iclentification of
these factors in Chapter IV and indicated that the grorvth raLe

of ,cLie wage raie, 'i:he conpet:Li:ion structure of the market in
canada,-the grovr-th of this ma::l<et ancl the profi-u rate of the
major firms r,üere major faciors affecting the diffusion of thre

ne'l/ technologies in the steel industry" If. this conclusion is
valid, can the same principle be also applied to other industries
in general?

The effect of technological chanEe are main-ry tlvo,

narnely, the improvement of -uhe quality of procluct ancL the

reduction of the unit costs" The former can induce the

substitution of the product in question for othe:: proclucts and

so increase the demand for it. r¡ other r,vord.s, it can induce

the grov;th of the market" The recluction of the unit cosLs

rvi-]-l either increase the profits of ihe producer if the price

remains unchang-ed or red.uce the selling price if príce chanse

is forced by competition. On the other hand, tÌie recluction in
unit costs by using cost-saving technology is partially offse.t
by the grorvth of L.he rvage rate. Thus, the fruit of technological
chanEe will be divid-ed betrveen the ivorl<er, the producer and Lhe

buyer, oi any combination of the three. ;111 these changes,

nanely, the r,ragie rise, the increase ín d.ernand. due to product
quality jmt¡rovenent ancl price recl.uctionr ,and the increase in
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pro-'iis/ produce farroura-ble effects ot-l the speeCing-up of the

process of d.iffus j-cn" Thus,. the use of ner.¡ .technology affec'us

Lhe changes in factor incor¡.es and. Cenancl ,. a-ncr after a -tine Lao,,

the cunulated changies affec'c the diffusíon of ne\r' technology.

The relationshíp can be illustra-ued by -LlLe following chart."

D'i agrarn VIII-2

TI{E LAGGED LOOP
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In the al¡ove cirart., the dots represent the existence of

time J-ags" Thus, the circular reasoning process is avoided"

l{ote th.at the Cistribution of the fru'i ts of technoloqical progress

amcng -i-Ïre severaf i tems shown in the chart clepends on the markeL

structure of the inclusiry" If for instance, t'he forces of

competition v¡ere iveal',, the product price r.right fal-l J-ess ijran it

Frui'ts

Progress
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shcul-d or it night not fall a'c al-l- Tn.stitucional fac'tors such

as the bargaining power of the iabour un,;on ancl l-abour legisl-a*

tions also produce effects on the disi-ribut.ion. Again, 'uhe

transmission of tire effecis ef the rapìd rise in the rvage rate,
'the profit rate and the increase in demand, i.€., the growth in

marliet -Lo the acloption cf r-rert iechnoiogv depends or-ì the market

structure of the industry" Ií the competition v¡as inadequate

in the produc't market, quasi-rents of the o1d capitat equipnent

could be retained for a longer period. because product price

woul-d not fal-l and so the pace of technological diffusion could

be s lor,ver.

The degrees of influence from the increases i n the lvage

ra-te, profits and clemand on technological c1i-r'fusion are not -uhe

same. Thelz largely depend on the nature of 'uhe 'inclustry" For

instance, -the ef fect of a rising rvagie ra-te depencls on the

oroportion of la]:our in the input cor¡"bination, ancl the effect

of profit increase on th.e size of investment required and. the

taxation regulat'ions concerned" Therefore, it is difficult to

attach weights to 'uhem separately" Nevertheless, it seems

plausible to suggest that -uhe conipulsion to adopt cost-saving

new technology I resulLincr fron a rise in labour cosLs is more

effective than the inducement through a hiqh profit rate. Since

ttre transrn-ission effect.s ef factors differ ìn importance ancl

lThe ner,./ technology is not necessari/ lal:our-saving since the
ìlu.Ðoiìe ì s to nininize the to'L.al costs of a girzen c¡uan"it1' o:f
outþut br-rL. not the labour costs aJ-one-
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the distribution of the benefit of technological prog.ress

depends on market structure and other institutional arrangements,

whích can be modified by policy-makers, there are some

alternatives to be chosen in decision-making. For instance, foy-

the purpose of speeding the pace of technologícal innovation,
wourd a wage policy of, sây, 6 per cent annual increase be

appropriate ? or, should there be a policy granting the annual
increase in the \^/age rate equar to its increase in labour
productivíty ? The precise ansv/er to these questions again
rests on the nature of the industry. From the experience of
the canadian steel industry, what we can say is that if a

restrained wage policy was effectively pushed through, the
compuJ-sion to adopt new technorogy would. have been l_ess.

The adequate competition in the product market and

the growth of the market are the most essential- determinants
in the technological diffusion process of the canadian steel_

industry. As the prompt adoption of new technology is the main

source of net output growth, polícy actions by government should
be aimed at increasing, the pace of technological diffusion.
The factors which are likely to speed up the diffusion rate
have been discussed and the actual course of action rests upon

the nature of the ind.ustry under review.
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Table À-l
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Apcendix A-6

252

The Sources ol productivity groi.iih in cl-ast

furnace siage

iiigher. hoi blast tein,oez'aLure has been used tatel-y to

increase productlvity but tne fl-ame temperature becoraes

unnecessarily Ìrigh v¡iriclr- causes the furnace to operate

irregi;-larly. l"Io-istu::e irt tne r'orrn oíl steam can be u.sed to

control the flame temperature in order to oirtaj-n a snooth

furnace operation. Automatj c instruments are no,¡i used to

measure the moisture conteni of hot þl-ast temperature and

to contror the opening of a steam valve in or.der to set the

bf ast moi-sture at a desired levef . TÌr.e u.se of higher Trlast

temperatures and the accompanied moisrure control increase

brast furnace productivity. second, fuel s sucir as natural

Bâs , colce-oven gâs , fuel oi] and so ojl can be in je ctecl into
the blast furnace tuyeres. The injection can be controlled
ancl hence the flame temperatu,r'e is regutated.Al-so, fuet injec-
tion replaces some of the coke and so I ourer"s tire ff a-rne bemper'-

ature since fuel produces l-ess heat tnan colce does . Third,
oxygen enricirmeni of thr-e Ìrot blast,.can increase the Ì:-ot blast
temperature and hence the productir¡i¡y. However, tÌre flame

temperature r¡¡il-l af.so be higher and so more fuels Ìrave to be

injected and ñÌore moisture be used . Ì'levertheless, if oxygen

is cireap enough then oxygen enricirment i-s still- a promising

source of productiviiy growtÌr. Fou,r'th, high pressure operation
i-s designed to prevent the ouiden fron descending by producing

a 1i "- ting e f fect " Produ.c tí..r1 i'¡ ',roul d i ncr"ease if the bu¡d.en

fias not falling to 1,he boitoiit cf iire filrnace ioo Íasi, Fifi;a,
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tÌre beneficiaLÍon of bur"oen materi aj s ì nct uces ihe i,,'ashi n€; oí

coal in maliing betcer coke and the âggfomeration of iine.oru-s

by sinterlng or pell-etizi-ng. The f at'ûer. shoi'tens Lne t.i me

required for heating since fine ores take more tirne io heat.

As a result, it saves not only fuels such as coke and íuel- oil_

bui alsc fixed capil;a} input per urili of ouiput.
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