13527

NATIONAL LIBRARY i BIBLIOTHEQUE NATIONALE

OTTAWA ' t . OTTAWA
. B ) '
Nm OF mok;'{:ﬁ.“..AQOIQN.O_.......l...'...A.OYQ.IO_‘.O....‘ .....

TITIE OF 'l'HESISQZA/é.

UNIVERSITY....... o o
DEGREE FOR WHICH THESIS WAS PRESENTED...... 743 o8 DRSO
YEAR THIS DEGREE GRANTED........voh 3mseueeeectumeninnnnnns

NL-91 €10-68)

DATBD..M.&.......JWL

Permission is hereby granted to THE NATIONAL LIBRARY
OF ‘CANADA to l,miicrofilm this thesis and to lend or sell copies
of the film.
| The author reserves other publication rights, and
neither the thesis nor extensive extracts from it may be
printed or otherwise reproduced without the author's

written permission. |




THE UNIVERSITY OF ALBERTA

INTER-REGIONAL AND INTER-INDUSTRY DIFFERENCES IN
THE ELASTICITY OF FACTOR SUBSTITUTION AND

THE EFFICIENCY OF LABOUR IN CANADA

by

@ RICHARD HAYWARD MCVICAR PLAIN

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILIMENT OF THE REQUIREMENTS POR THE DEGPEE

OPF DOCTOR OF PHILOSOPHY

DEPARTMENT OF ECONOMICS

EDMONTON, ALBERTA

FALL 1972



UNIVERSITY OF ALBERTA

PACULTY OF GRADUATE STUDIES

The undersigned certify that they have read, and
recommend to the Faculty of Graduate Studies for acéeptan;e.
a thesis entitled INTER-REGIONAL AND INTER-INDUSTRY DIFFERENCES IN
THE ELASTICITY OF FACTOR SUBSTITUTION AND THE EFFICIENCY OF LABOUR
IN CANADA submitted by Richard H. M. Plgin in partial fulfillment of the

zequirements for the degree of Doctor of Philosophy.

;..ocd'.i.’/%%»’fo.....u ...%...o.
Supervisor

o.G. Hesh23

o000 0OOOSPOSS 9000000000000 00000000000

-

L PP "~

2,
[ XXX R L X BN R 90000000000 OOCCOPOIOICQOTOIIOS

External Examiner



ABSTRACT

. One of the central tenets of economic theory is that every .
| commodity has a common production function. An examination of two digit
manufacturing industries located in various regions of Caﬁada suggests that
the aggregative counterpart of this mi_cto-economic assumption does not hold
for all cases. The evidence for this conclusion rests on findings which
indicate there are significant ini:eréregional differences in the elasticity
of substitution and the efficiency of labour use in two digit manufacturing
industries. The evidence suq.gests that Western and Central Canada
have similar manufacturing technologies. |

An exami;xa;ion of the factor-price _e_qualizat.ion theorem suggests
that its conclusions do not provide a satisfactory basis for explaining
inter-regional movements in factors and commodities. It is demonstrated
that ghe possibility of factor r_evezsals holds true for a large number of
manufacturing industries.

. Manufacturing industries which do not exhibit significant regional
differences in p:pddctipn functions have elasticities of substitution that
are approximately féqﬁal to one. This suggests that the Cobb-Pouglas

. production fdncti;m .has a wide degtee of geiieral' appliéability for cross-
uéﬁioual purposes.
. Pinally, it is not:ed that the elasticity of substitution and the
officiency of labou: use exhibit a high degree of stability over shott
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periods of time. This conclusion rests on an analysis of seventeén, two

digit manufacturing industries for the years 1964 and 1965.
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CHAPTER I
INTRODUCTION

A cufsory examination of the locational pattern of secondafy
manufacturing industries in Canada indicates there are sub'stantial
differences in the level and type of economic activities carried out in
various regions of the country. There are a number of factors responsible
for the existing pattern of industrial location rgnging from federal and
p:ovi.ncigl policies, the proximity‘ to large consumer markets, hisf.orical
accident and the least cost locational decisions made by various corporate
‘enterprises. It seems clear that if aﬁy attempt is to be made to success~-
fully shape the pattern of industrial development within various regions of
‘Canada that an attempt must be made to explicitly delineate the form of the
underlying economic relationships.

This thesis attémpts to explicate one facet of these complex
sets ofv economic relationships by examining some of the technical charact-
eristics of various two digit manufacturing industries located in certain
.:ogio'ns of the country. In particular an attempt is made to determine
whether there are inter-regional and inter-industry differences in the
elasticity of substitution of capital for labour and the efficiency of
labour use in various’ mufactu:in'q igdustties. Both of these parameters
are important in determining the relative share of income received by

various factors and the pattern of inter-regional trade.



Pormat of the Thesis

Chapter 1I consists of a brief survey of the theory of production
and an overview of the econometric studies which have dealt with the
elasticity of substitution between capital and labour.

Chapter II is divided into two parts. Part 1 is concerned with
the temporal stability of the elasticity of substitution and the efficiency
of labour use in Canadian manufacturing industries. Part 2 deals with the
effect of regional influences on these two parameters.

Chapter IV is concerned with the effect of inter-industry
diff_erences in the elasticity of substitution on the returns received by
factors of ?zoduction located in vzrious regions of Canada.

Chapter V consists of the conclusions and observations.



CHAPTER II

THE THEORETICAL FRAMEWORK AND

RELATED EMPIRICAL ﬁESULTS

Part 1 of the following discussion provides a brief overview of
the salient aspects of production theory which are required for the econo-
netric analys'es.p'zovided in Chapters III and IV. Part 2 consists of a
brief outline of some of the empirical results which have been obtained

by a selected group of investigators.

" part 1: The Theoretical Pramework

The prihary objective is to briefly outline the theoretical
relationship that exists between a C.E.S. (Constant Elasticity of Sub-

stitution) production function homogeneous of degree 'l' expressed by:
Ve [3‘-@ + GL.p]-I‘/p (11-1-1)

vhere V is output, Kis capital, L is labour, a, 8, p are parameters-<

and the following relationship given by:
logy=1loga+blogw 4 , ‘ (I1-1-2)

vhere y =Y wa= g—. (W is the total wage bill and 'a’ and 'b' are
L .
parameters.)
The relationshiﬁ between (II-1-1) and (II-1-2) is developed in -

two stages. Stage I briefly outlines the general neo-classical properties

-3-



- can be generated from (II-1-2). The relationship between the various para-

.

. . .
of the production function and the definition of the standard terms and
concepts. Attention is paid to the establishment of the eonditiéns under
vhich estimates of the elasticity of factor Sﬁbstitution can be obtaiped
vithout reliance being placed on éapital stock data.

Stage II deals with the way in which C.E.S. production functions

meters are carefully delineated. Finally, a brief overview is presented of
some of the specific economic results that are obtained by using a C.E.S.
production function.l

Stage I: The Production Function and the Blasticity_
° of PFactor Substitution
The conventional way of éxp:éssing the. general form of the
production function is as follows: (II-1-3). V = P(K, L}; where
v is output, K is capital stock and L is the labour force. The following

restrictions are imposed:2

1re should be noted that the discussion follows well worn paths in
economic theory. In the majority of cases the treatment or discussion of
standard topics is considered to fall within the "province of common know=
ledge” though it should be carefully noted that the bulk of the discussion
zelating to the C.E.S. production function has been adopted or adapted from
the article by K. J. Arrow, H. B. Chenery, B. S. Minhas and R. M. Solow,
"Capital-Labour Substitution and Economic Efficiency”, The Review of
Economics and Statistics, Volume XLII, (August 1961), pPp. 225-250.

- Zrhe import of these standard restrictions have more to do with
mathematical and statistical tractability than with general production
theory. Bodkin and Klein note: “fhe textbook form of the production function,
in two dimensions, is an S shaped curve passing through the stages of
increasing marginal productivity, an inflection point, and decreasing
marginal productivity. Eventually, production function specification must
deal with multi-variate parametric forms of this type. In most cases,
investigators have confined themselves, in empirical research, to a single
branch of this neo-classical production function--namely the branch of
diminishing marginal productivity."”

R.G. Bodkin and L.R. Klein, "A Non-Linear Estimation of Aggregate *
Production Function", Review of Economics and Statistics, Volume XLIX,
February 1967, p. 29.
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(1) x20,520; (2) X -TR> 0 Gp=F >0 (3) 352 - FLL < 0s

2
and (4);1; = Fyx < 0. (Py and F; are the marginal physical products of

capital and labour.)
Since it is assumed that the production function is homogeneous
of degree '1' the above may be written in per capita form.
y=f,x=F y=¥ (11-1-4)

and the marginal products of capital and labour may be expressed as:

% 71? = £l(x) ' (11-1-5)
and =) - xelx) - - (12-1-6)

The movement along a given isoquant--the matginal rate of sub-

st:ltut:ion of capital for labour (R)-~is given by:

X .
Rk, 1) = PE . £00 - xfl o) | (11-1-7)
Pk £l(x)

Elasticity of Factor Substitution

The responsiveness of changes in the capital-labour ratio due to
changes in ':fhe u’uizqinal rate of substitution is given by the elasticity
of substitution of capital for labour (o) which is expressed by:

o= g—:‘g—: - After the appropriate snbstitutioné are carried out:

z‘gx) (£ () -2 () ]

(13-1-8)
x£(x) £

Under perfect competition (factor and éroduct markets) and profit
maximizing behaviour every factor receives the value of its marginal

product. More explicitly, if 'w' and 'z' u’e the real wage rate and the
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u& of teturn to capital, then '
v = £(x) - £1(x) (11-1-9)
and | r = tl(x) : (11-1-10)

The 'p:ice of the product serves as the nuperaire.
Given the above equilibrium conditions, Arrow, Chenery, Minhas and
Solow1 (hereinafter referred to as A.C.M.S.) demonstrated that (II-1-8) can

be expressed as:

cadl09V _w dy (1I-1-11)
dlogy y aw

This result ensures that ordinary least squazes regression
analysis can be used to provide an estimate of the eiasticity of factor

substitution by xec}ressing:

logy=1loga+bhblogw

where 'b’ is to be interpreted as an estimate of the elasticity of sub-

stitution and log a is the intercept texrm.

stage ITI: Derivation of the C.E.S. Production Punction
A.C.M.S. demonstrated the manner in which a production function
could be generated from (IT-1-2). Given (I1I-1-4) and the equilibrium
condition set out in (II-1-9) it follows that the functional relationship

between °'w' and 'x' can be inverted to give a monotonic increasing

zelationship between 'y' and 'w'; namely, y = é(y - x dy) which has a
dax

lg' &o' Pe 229



solution y = P(x,A).

More specifically, if w = Y - x dy, then (I1-1-2) can be re-
dax .
written as
logy = log a + b log (y - x gy) (11-1-12)
. dx .

Taking anti-logarithims and solving for dy ,
. : dx

g’{. - ﬁ%&& - &%ﬁL (11-1-13)

vhere a = 2 /P ana p = 1p - 1.
After re-arranging and integtating' the resultant production

function is expressed by:

y= (B8xP + a)~Vp (I1-1-14)
Rewritten in its full form:

Ve [BK™P + aL~P)-1/p . (33=-1-15)

The net result is that given the appropriate Assuuptions the
simple regression log y = log a + b log w, can be used to estimate two of
~ the parameters of a C.E.S. production function. The slope coefficient 'b'--
the estimate of the elasticity of factor substitution--is used to determine
the magnitude of the sﬁbstitution parameter ‘p°.

The intercept term 'a’ yields some interesting information. 1In the log

linear expression ‘a’ determines the height of the line or the value added
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per.man hour per dollar expended on labour in a certain industry. 1In this
sense this term is a measure of the et‘ﬁciency of labour. (in its original

form y = awP which iinplies a= xb.) In (II-I-_].S) the coefficient of
- w

iabour ‘a’ determines the portion of the‘ product which is divided between
capital and labéurn'ceteris paribus’' the other 'pa:'ameters. Since
c'--a'l/b it is evident that the portion of the product accruing to labour
depends on the “efficiency” of labour and the elasticity of factor substitu-
tion. '

It is useful to expand this point further by noting fhat: if the
C.E.S. production function is written in the form!

Y= YIx® + (1 - §)1-1/p | (11-1-16)
where o + 8 = yP and ByP=§, that (II~1-2) can be -expressed as

logy == _1 log yP(1-8) + 1 logw (11-1-17)
1+ 1+p g

If vis interpreted as the neutral efficiency parameter, § as the dis-

tribution parameter and p as noﬁed Ppreviously, the constant intercept term

aoted as 'a’ in (II-1-2) is a composite of a number of parameters. One

useful result obtained from this type of a breakdown is that given all

othe: Parameters significant differences in intercept terms between indus-

tries would be based on differences in the “neutral efficiency” term set

out in (II-1-17).

Economic Results and Properties of the C.E.S.
Production Punction

The c.g.s. production function (constant returns to scale) has

}ibid., ». 230.



all of the “weil behaved" properties required of the general production

':clationship.l. The marginal products of capital and labour are given as

follows:

. 1+P -1/0
l! B(!) 14p B(!) 1/0 ‘ 1! . v !) / .
x =P = Bl aL "ol =a(g

The marginai rate of technical substitution is expressed by

RIK, 1) = & e | 2 1/ (11-1-18)

Under competition and profit maximization R(K, L) = ¥-oz

1/0

x - (II=-1-19)

)
nie

The portion of the product accruing to capital and labour is given by:

o, 14p
8a(x, K° (11-1-20)
a” W @ -

The_Economic Implications of Different Elasticities of Pactor Substitution

a>1:

Since 0 = b =1 , 0>1 implies ~15p<0. If p = -1, them ¢ = =
i+

and the resultant isoquants are simply straight lines; however, in the case
where -1<p<0 the isoquants are convex to the origin and cut both axes. It
is clear from inspection of the following y = (Bx~P+ )=}, that output

Per unit of labour becomes infinitely large as the capital labour ratio

lrefer to R. G. D. Allen, Macro-Economic Théorvo (Mew York:




=10~
increases without limit; however, if the capital labour ratio tends towards
zZero the average product of labour is maintained at some positive minimum,

namely, a~1/°,

o=1
If p=0 then 0=1 and the resultant production function is of the

Cobb-Douglas form. 1

o<l
If O<p<=, then 0<l. Let V = V and express the equation for an

isoquant at V = ‘Eb.+ a )-I/p. The igoquant ﬁoes not approach both axes

'

asymptotically since in the limit K = V-81/P and 1, = v-ql/P.

g=0
As p approaches =, ¢ approacheés zero. The resulting isoquants

are right angled and the production function is of the Leontief form.

Relative Factor Intensities

As the previous discussion has indicated one of the most
interesting featﬁ:es of the C.E.S. production function is centered around
ﬁhe fact that estimates of the elasticity of substitution'may.:énge from
zero to infinity. This implies that it is virtually. impossible to char-
acferize one industry as beinq §e1ativer more capital or labour intensive
than another in the absense of factor price information since differences

in the elasticity of substitution in the industries gquarantee that there

laefez to A.C.M.S. p. 231 for a discussibn of this point since
it is not obvious from inspection of any of the above results,
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always exists a critical wage profit ratio ‘at which factor intensity
ratios will be switched.
The theoretical basis for this conclusion is set out in the
following discussion. Given (II-1-15) and (11-1-19) the capital labour

ratio in a particular industry is exp:essed by:

k=8 w (11-1-21)

L lc ;:1

If‘vé' consider a case where there are two industries each with a different
C.E.S. production function incurring equal costs per unit for their factors
of production it follows that the relative factor intensities of the two

industries are given by:

x, 8 °1 8 2 03~ 92

= - (:;a .(;.2.) . (11-1-22)
It is evident the relative factor intensities of the two industries are
only invariant with respect to w/r if o) = O,. For example, if the
entire set of industries under consideration happened to fall within
cith'ez the Cobb-Douglas case (o=l) or the I.eéutief case (0=0) then it
would be possible to classify industries as‘ capital or labour intensive
mﬁective of the factor price ratios. It is most unlikely that this
fortuitous state of affairs is likely to occur in all instances.

The problem of determining the critical factor price ratio at

which the factor intensities of a particular set of industries will be re-



estimates changes in the ratio of factor prices can lead to quite

-12- ‘
versed is largely an empifical one. Minhas! spells out the procedure in
some dei:aill. The general pei.ne to note is that éi.ven a production function
which a;laws any values for the elasticity of factor substitution between

0 and *® one must eiea:}.y allow for the fact that given different elasticity

different mixes in the quantity of labour and capital used in a particular

industry. 2

Part 2: A Survey of the Egi:ical Results
The path breaking article written by A.C.M.S. in 1961 °touched

off* ‘a veritable eiphsion in terms of the number of articles and studies
which have been carried out in the segment of the literature dealing with
the economics of p:oduction. At a very early 'stage it was realized thai:
the specxal A.C.M.S. case which assumed that the C.E.S. producti.on function
was hcnogeneous of degree ‘1' could be easily extended to a more general
tomlation of degree 'h*.3  The next step in the sequence was centered
a:ound the developments of more generalized production relationships which
included among other things a Variable Elasticity of Substitution (V.E.S.)

production function which allowed the elasticity of substitution to vary

1a.s. Minhas, An International Comoarison of Factors Costs and

»!’aeto: Use, NNorth-Holland Publishing Co., Amsterdam, 1963, pp. 32-42.

%tetence ‘should be made to J. S. Chipman, "A Survey of ‘Inter-
national Trade: Part 3, The Modern Theory", Econometrica, Volume 34,
No.l, (January 1966), pp. 57-70, for an excellent discussion of the
C.E.S. production function and the potential impact the A.C.M.S. results
have had on conventional international trade theory which is predicated
on the invariance of factor intensities.

337. paroush, "The h-Homogeneous Production Function with Constant

. Elasticity of Substitution: A Note", Econometrica, Volume 34, No. 1, .

anuaxy 1966), pp. 225-227.
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fteély with the capital-labour ratio.l The obvious non-linearity of the
C.E.S. function and its more complex suécessots led to the development of
a small body of highly specialized 'liteiature ‘dealing with the ‘success
ocbtained in trying out a number of non-linear estimation techn:i.ciuess.2 All
of these developments were further augmented by irnvestigators who were in-
terested in applying these results in the areas of economic ‘growth, inte:;—
national trade and regional economics. The net result is that at the pre-
sent time there are a large number of empirical and theoretical articles
dealing with the estimation of aggrégation production relationships in
various temporal and spatial settings.3
It is not particularly edifying to spend time in attemp_tiﬂg to

survey all of these studies given the fact that a number of the major

theoretical issues and empirical results have been- set out in publications

lRefer to the Articles by Y. L. Lu and L. B. Fletcher, "A General-
ization of the C.E.S. Production Function" and R. Suto and R. Hoffman,
»production Functions with Variable Elasticity of Factor Substitution: Some
Analysis and Testing”, contained in "A Symposium on C.E.S. Production
Function"”, Review of Economics and Statistics, Volume L, Number 4, 1968,
PP. 443-48l.

2refer to R. G. Bodkin and L. R. Klein, "Non-Linear Estimation of
Aggregate Production Functions", Review of Economics and Statistics,
Volume XLIX, (February 1967), pp. 28-41 and Hiroki Tsurumi, “"Non-Linear
Two Stage Least Squares Estimation of C.E.S. Production Functions Applied
to the Canadian Manufacturing Industries, 1926-1939, 1946-1967", The Review
of Economics and Statistics, Volume LII, Number 2, (May 1970), pp. 200-206.

31t should be noted in passing that the article by F. M. Fisher,
"The Existence of Aggregate Production Functions®, Econometrica,
(October 1969), pp. 553-558 has highlighted the old question dealing with
the existence of aggreqate production functions. Developments and argu-
mentation on this theme could eventually lead to the use of more meaningful

production relationships and/or the reformulation of much of the basic

econometric work in this area.
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produced by the National Bureau of Economics Researchl and the Review of
Economics and Statistics.? In view of the above, the following procedure
has been followed. Nerlove's table summarizing the set of time series and
cross-gectional estimates of the elasticity of substitution (Table I1-2-1)
ha‘s‘ been reproduced to give an overview §£ the wide variation in the results
which have been obtained. it is realized that these results in and of them-
selves are not completely meaningful unless the underlying theoretical models,
estimation procedures ax'xd sources of data are noted; however, it is equally
Clear that this end could only be achieve& by duplicating Nerlove's work.
The following brief overview of the empirical studies \}in concentrate on
the cross-sectional work. The time series studies will be dealt with in a

few general comments. The sole justification for treating the timev series
studies in what may be judged to be a cavalier manner simply rests on the
fact that the primary thrust of this thesis lies in the adaptation of the
A.C.M.S. procedure to cross-sectional estimates of the elasticity of
substitution in Cana;iian manufacturing industries. The time series work
is considerably more complicated both in terms of the theoretical questions

that are being pursued--economic growth, technical advance etc.--and the

1"'l‘he.' Theory cnd Empirical Analysis of Production”, Murray Brown,
Editor, National Bureau of Economics Research Studies in Income and Wealth,
(Columbia University Press, 1967), The article written by Marc Nerlove,
"Recent Empirical Studies of the C.E.S. and Related Production Functions"”,
Pp. 55-122, is extremely useful for obtaining an overview of the applied
econometric aspects of various production function developments.

. 2"A symposium on C.E.S. Production Function Extensions",
Review of Economics and Statistics, Volume L, Number. 4, {(November 1968).
—===2¥ of “conomics and Statistics
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type of econometric techniques which are usecl.1 Furthermore, in virtually
all of the time series work capital stock data of various sorts and quality

are utilized. This data caxinot be obtained at a provincial level in Canada.?

Cross-sectional Estimates of Factor Substitution

The results of the cross-sec_t:ional studies noted in Table II-2-1
are set out in more detail in Tables II-2-2, 3 and 4. The following points
should be noted with respect to these strdies. First, the A.C.M.S. study
(log (g)z log a + b log w) utilized sets of observations on value added
per unit of labour and tﬁe wage rate in twenty-four, three digit industries
located in nineteen countries for a time period spanning the years 1950 to
1955. The general conclusion was that the elasticity of ‘substitution (o)
was greatef than zero and less than one for fourteen of the twenty-four
industries.

Secondly, Fuchs (Table II-2-2) used the same data and modified the
specification to allow for a possible shift in the intercept term. The ef-
fect of this type of specification was to allow for differences in the
efficiency of labour between two classifications based on a grouping of

countries into a ‘developing’ vis-a-vis a ‘developed’ category. Unfor-

1a brief comparison of the econometric models specified in
Chapter III and the sophisticated treatment carried out by Yehuda Kotowitz,
"Capital-Labour Substitution in Canadian Manufacturing 1926-39 and 1946-61",
The Canadian Journal of Economics, (1968), pp. 619-631 clearly illustrates
the point. This point is further re-enforced by examining the article
Witten by He. TSWi. 22. Si_t_o' ppo 200-2060

2If. was impossible to cbtain capital stock data from the Dominion
Bureau of Statistics (D.B.S.) for various industries at a provincial level.
A letter received from D. Bruce Petrie, Chief, National Wealth and Capital
Stock Section, Business Finance Division of D.B.S., July 19, 1969 stated,
*Unfortunately, we are unable to provide any capital stock estimates on a
regional basis.--and given present priorities and resources it will be
some time before we will be able to consider developing regional estimates.--
I am not aware of any comprehensive or reliable set of estimates which would
be of use to you.”
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TABLE 11-2-3.--Elasticities of Substitution on Two-Digit Manufacturing
Industries, United States, 19571

T O BlaRt ol ¢m—

| - '%-mrn | %-4»2«
#
. Saduseiat Number o
Clamification Industry o ! 6 . e Qbservations
- 20 Food and Kindred 08222 03966 0.7683 07658 0
. Products (0.1636)* (0.0690)
7 Tetile Mill Products : 0.9675 06752 08128 0.7930 2
(0.1540) (0.0953) A
3 Apparel and Related 12140 0.634S 0.7681 08216 %
- Products (0-1968) (0.0263)
% Lumber and Wood 03750 0833 0.6352 07624 3
Products (0.0694) (0.0774)
3 Furniture and Fixtures 11730 03150 02427 0.9668 2
) (0.1250). (0.0309) o
3¢’ Pulp, Paper and Products 14321 02626 11588 08012 30
. (04541) (0.1088)
2 Printing and Publishing 0.9980 0.5436 - 08288 09388 18
(0.2061) (0.0886)
2 Chemicals and Products 03697 0.2554 0.90%9 09219 32
(0.2118) (0.0481)
29 Petroleum and Coal Products 08915 0.1500 0.7702 0.9666 17
: ‘ €0.5491) - (0.0370)
20 Rubber Products - 15628 0.5888 08082 0ss22 16
. - (03491) (0.0970)
) " Lesther snd Leather Goods " 08873 04348 03170 03751 16
. (0.2612) (0.0829)
£ Stone, Clay and Glass 1.0273 05343 0.9682 0.9000 27
k Products (0.3920) (0.0646)
k1) Primary Metal Industries 0.7654 0.1258 08360 0.7436 - ]
(0.3965) (0.0963)
7] Fabricated Metal Products 0.5570 02043 07172 0.6481 3
o (0.1982) (0.0955) _
3 Michinery, Except Electrical 0.7468 0.0843 03644 0.2422 £ ")
: (0.4662) (0.1218) ‘ -
* Electrical Machinery 05915 01041 0.7294 0.8667 s
© (03628) (0.059)
1 4 Transportation Equipment 12428 o481 0.6854 0.5129 s
(0.6367) . (0.1330)

o )Wamber i pereathesis is the standard esror of the estimate.

°

11’. J. Dhrymes and P. Zarembka, "Elasticities of Substitution for
Two Digit Manufacturing Industries: A Correction", Research and Statistics,
Volume LII, No. 1, (February 1970), pp. 115-117.
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tunately, Fuchs included Japan in the group of developing countries as well
as tni:osing the constraint that the estimates of the elasticity of sub-
stitution (b) would be identical for both groups. The results obtained from
this specification suggest that twenty-two of the twenty-four industri.es
have an elasticity of substitution which is not significantly different
from one.

Thirdly, Minasian and Solow used the original A.C.M.S. specification
to ohtain estimates of the elasticities for various manufacturing industries
in the United States for the years 1956 and 1957. The regional breakdowns.
used were at the state level (Minasian) and sets. of states (Solow). Com-
parison of the two results indicates that there are substantial differences
in certain industries. Nerlove outlined a number of possible factors which
might tend to explain these differences ranging from the observation that
1957 was a ':ec'essionazy year as compared to 1956 to suggesting that the
heterogeneity of the product mix at the state level would be more extreme
than at a higher level of aggrégation. He concludes with the statement that
"when there is a lot of noise in the system apparently small changes can
p:educe substantial variation in the system".l

- Pourthly, Dhrymes used the A.C.M.S. specification for the same year
and the same type of regional breakdown as employed by Minasian. Inspection
of both sets of results indicates that there are substantial differences.
Nexrlove's remark witt_x respect to this inexplicable state of affairs is as
follows: "The only explanation for these gross differences appears to be
8 slight difference in the basic series employed.*? 1n effect, the

luuc Nerlova, op. cit., p. 70.
2ibid., p. 74.
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estimates of the elasticities of substitution cbtained from cross-sectional

analysis seem to be inordinately sensitive to very small changes in the data.l

Fifthly, Murata and Arrow adopted the A.C.M.S. technique. and
carried out a cross-sectional study for twelve, two digit industries for
the years 1958-1956 and 1957-1959 oix an internationgl basis. (Twenty-
three countries including Canada.) The results set out in Table II-2-4
indicate a mixture of unitary and inelastic values of the various elast-
icities. Clearly, there is nothing to support any contention that a two
digit industry classification of industrial activity results in signifi-
cantly different values from a three digit breakdown.

Lastly, the Liu-Hildebrand results (Table II-2-5) are based on
estimates of the elasticity derived from a general production function
which includes the C.E.S. production homogeneous of degree 'l' as a special

case. This function can be expressed in per capita terms by:

y = [Bx™P + ax™™P]=1/p (1I-2-1)
" wherep =1l-b, m= g ,a=__1-b /' 8 = =c(1-b)
b 1-b (I-b-g)a 2oy

It g = 0 then m = 0 which implies that this production function is reduced
to the C.E.S. constant returns to scale case.

It should be noted that this function is generated by extending
the basic A.C.M.S. specification to include K/L as well as w. In effect,

logy=loga+blogw+g logx (13=-2-2)

(vhere x = K/L)

lReference should be made to Table II-2-3 for a revised version
of Dhrymes®’ results since it was discovered that the results reported in the
last two columns of Table II-2-2 were obtained by regressing the wage rate
and the return to capital on the value added per unit of labour and capital,
respectively.
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Subst_itﬁtion of the equilibrium condition

- Y
ws X
YT X ax

into the above yields a differential equation which upon solution has the
form depicted in (II-2-1).

The elasticity of substitution is expressed by

2 .
0 = ———— (11-2-3)
L4p-pm
S

where (S,) capital's share in the product is expressed by

£(x)

* x£1 (x)

This indicates that the elasticity of substitution is a function of x = {-
which impliés' that under the Liu-Hildebrand specification the elasticity
of factor substitution varies with changes in the K/L ratio brought about
by changes in the factor price ratio.l'z
Liu and Hildebrand used the 1956 "Survey of mﬁfactnres” data
of two digit industries partitioned on a state basis to carry out their
esgiuates. Results are reported for two different categories of labour

breakdown provided in the manufacturing sector. It is evident from

inspection of Table II-2-5 that 'g' is statistically significant and greater

than zero in a number of industries. In effect, if p20 and m20 given

Ybid., p. 75-82.

2the basic Liu-Hildebrand formulations outlined here were also
used by Y. L. Lu and L. B. Fletcher, op. cit., pp. 449-450, and by

Y. Kotowitz, op. cit., pp. 624-625 and 628. It is interesting to note that

Kotowitz found that the Liu-Hildebrand form of the production function
did not provide as good a fit as other competing specifications.
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TABI.B II—2-S.-sumary of I.iu-aildebrand (1965) Regressions for Two-Digit
Indnstriesa
All Employees Production Workers Only
Industry b ¢ —I?T*N, [) ‘2 RE N
Food and kindred 0407 446 548 35 0.282 430 .464 35
products 1 (139 (144) (.148)
Textile mill 0975  .160 .695 18 1427 .122 . 841 18
products G175)  (.109) .299) (.156)
Apperel and related 1071 .097 .gg9 18 1094 .211 .617 18
products (.263) (.086) (379 (102
Lumber and wood 0990 ,002 .943 14 098 -.0°3 920 14
products ¢135) (.070) .165) (.090)
PFurniture and 1.258° -.154 859 19 1402 -.191. 807 19
fistures ¢128) (.07 17D (102
Pulp, paper, and 0386 .331 .730 28 0298 .304 657 28
products (.322) (,050) (.340) (¢.069)
Chemicals and 0868 201 424 31 0780 .076 309 31
products . 230 (.085) (254) (.109)
Petroleunm and 0.180  .282 .152 18 -0.027 .309 213 18
coal products G718 (224) (9SD (283
Rubber products 1278 018 523 18 1231 -.052 738 18
(553) (217 .286) (.13
Leather and leather 0.990 -,050 368 15 0926 .0003 .43¢4 15
goods (45D (113) .528) (.118) ‘
Stone, clay, and 0539 295 611 25 0.568 .309 .627 25
glass products G177 (.065) 175) (.069)
Prinery metal 0298 321 .23¢ 28 0.187 374 .250 28
 products (704) (.141) (683) (.154)
Fabeicated metal 0401 .178 336 32 0189 .243 .98 32
products .20 (.068) (.208) (¢.080)
Machinery except 0.222  .258 .343 25 0.222 .204 .262 25
olectrical (.263) (.100) .226) (.104)
Blectrical 0.300 278 483 22 0.606 .202 .494 22
machinery (2100 (071 .233) (,089)
Transportation 1008 214 .504 26 0998 .205 441 26
equipment (.448)  (.060) (545 (.073)
fastruments and 0.601 .217 681 12 0.87¢ .196 .05 12
telated products (:294) (.116) (.264) (,098)

N = mbot of observations.
*Summary of estimates of regressions of the form

foe two-digit industries from

‘m. PPe B-),

log V/L

=a+blogw +glogk/L
Census of Manufactures, 1957, in Liu-Hildebrand

1‘Rerlove, op. cit., p. 78.

e ey
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g20 then the estimate of the elasticity obtained--if only 'b‘, the
coefficient of log w in (II-2-2) was used--would be less than the estimate
giyen by (II-2-3). If p<0 and m<O and g<O then the Liu-Hildebrand
estimate of 0 will be less than in the A.C.M.S. case. The point to note is
that if the above specification is accepted then the A.C.M.S. estimates

of ¢ are biased in an upward or downward direction.

Time Series and Cross-Sectibnal Studies

A cursory examination of Table II-2-1 indicates that the cross-
sectional estimates of the elasticities of sgbstituticn appear to be greater
than their time sex:ies counterparﬁs. This is not a fleeting impression as
is evidenced by the series of comments made by l(o£owitz at the ciose of
his rather extensive investigai:ion of capital and labour substitution in
Canadian manufacturing between 1926-39 and 1946-61. |

. The conclusions of the study are:

(i) fhe elasticity of factor substitution 0 < ¢ < 1 for aggregate
lmutactu:ing and for various two digit manufacturing industries;

(2) the. elasticity of substitution has decreased from 0.7 in the
pre-war period to 0.3 in the pogt war period; and

.(3) the two digit estimates of ¢ are similar to the estimates

obtained for the United States.ls2

' 1¥éhud§ Kdtoﬁitz. »pechnical Progress, Factor Substitution and
Income Distribution in Canadian Manufacturing 1926-39 and 1946-61",
The Canadian Economic Jourral, (February 1969), pp. 106-114.

 2kotowitz states that "A comparison with Lucas shows fairly close
correspondence for all those industries where the values of ¢ are signifi-
cant in both studies...McKinnon's results are generally much poorer.
However, for these industries where 0 is significant they too correspond
fairly closely to cur results.” (Refer to Table II-2-1 for both McKinnon's
and Lucas' results.) Y. Kotowitz, "Capital-Labour Substitution in
Canadian Manufacturing 1926-39 and 1946-61", op. cit., p.629.



Given these results he notes:

It must be pointed out that cross-section results suggest

_ that the elasticity of substitution is close to one. Attempts
at reconciliation between cross-section and time series analysis
have not been successful. Thus, although I believe that the
time series results offered here are better for analysis of
aggregate movements over time than cross-section results, it
must be acknowledged that this unexplained contradiction in the
evidence exists.l ‘

In effect, there are substantial differences within and between

various i:ross-secti.onal and time series estimates of the elasticity of

substitution.

One point that has emerged from the foregoing discussion is that
the majority of investigators have assumed that tﬁe cbservations obtained
from various industries across different regions (states, conﬂtries etc.)
are obtained from a common production relationship.2 This maintained
hyéoﬂxesis should be subjected to empirical testing since it is not at all
clear that one can assume on ‘a priori' qzounds that the production
relationship obtained for some two, three or four digit aggregations of
&dmtﬁes-given cbservable differences in the industrial mix in a
country, province or state--can be said to be identical. One of the
uajor reasons for the apparent sensitivity and diversity of the various
estimates of ¢ may simply stem from the fact that various investigators
have used different production function mixes to cbtain their estimates
of the elasticity of substitution in a given industry. One of the
chief objectives of the analysis set out in the following chapters is to

determine whether there are significant inter-regional differences in the

]'Kotovitz. "pechnical Progress, Factor Substitution and Income
pistribution in Canadian Manufacturing 1926-39 and 1946-61", op. cit. ., p. 113.

2A:taw, et. al, in "Capital-Labour Substitution and Economic
Bfficiency”, op. cit., p. 237, noted that their assumption of a common
production function across countries was a "naive” hypothesis.
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CHAPTER IIIX

INTER-REGIONAL DIFFERENCES IN THE ELASTICITY
OF FACTOR SUBSTITUTION AND THE

EFFICIENCY OF LABOUR USE

The brief overview of the various studies surveyed in Chapter 1X
suggests it is highly adviseable to determine whether there are significant
inter-reéional and inter-industry c}ifferences in the estimates of the
parameters of various aggregate production functions. The discussion
and empirical results set out in this Chapter attémpt to deal with the
first issue;  however, the scope of the inquiry is restricted to the examina-
tion of the elasticity of substitution and the efficiency of labour para-

. meters. The reason that the investigation is 1§mited in this fashion stems
from the fact that there are no reliable breakdowns of capital stock data
at the provincial level in Canada.l Given this constraint the set of pos-

sible theoretical specifications is reduced to one element--the basic A.C.M.S.

specification noted in Chapter II.

log T =105 +blogw | 62 - 51

Given (III-1) an attempt was made to cbtain a detailed breakdown

of cbservations on value added per unit of labour and the average wage rate

lRefer to footnote '2°, p. 16, Chapter II.
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in each of the twenty, two digit manufacturing industries locatéd in the
ten provinces of Canada. The basic objective was to determine whether
there were any significant inﬁet-regional differences in the two production
coefficients set out in (III-1l). The problems and eventual “working
compromises® which were reached with respect to the breakdown of the data

used in the study are summarized in-the following discussion.

The Data

The data used in the study were obtained from the Dominion Bureau
of Statistics §ublications “Manufacturing Industries of Canada" for the
years 1964 and 1965.1 This data consisted of cbservations on the average
wage rate and value added in manufacturing (production) categorized by
province and by a twenty, two digit standaxd clasgsification of industrial
activity for each of the respective years. D.B.S. breaks these twenty
majét (two digit) industry groups into 140 three digit industries.
Bighteén of these industries are broken down into fifty-six four digit
industries. The confidentiality constraint imposed by the Statistics Act
severely restricts the amount of information that is provided at the )
teg;onal level for certain industries. The net result is that the cb-
servations found under any particular two digit heading will vary from a single
two digit entry to a set of three and four digit observations.

All of the cbservations that were published for each two digit
industry in each provincg were utilized--double counting was avoided.
This procedure differs from that of a number of other investigators who

have employed two or three or four digit observations exclusively;

p.8.s. “Manufacturing Industries of Canada, sections B, C, D, E
“and P (1964 and 1965 respectively). (Queen's Printer, Ottawa, July 1968

and 1969).
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however, it is argued that the procedui:e is perfectly legitimate as long |
‘as one accepts the maintained hypothesis that two digit industries have a
common technology. In effect, investigators who use a single two digit
obsexrvation for a given region are simply recording a consolidation of
three and four digit activity without obtaining any reflection of the inter-
industry variation within the region.

It lis suggested that even if this argument is not accepted the
worst possible interpretation is that the observations reflect the actiﬁity
of some "average" composite industry which is neither two, three or four
digit in nature. This would not be any more or less meaningful than the
standard artifact which is an “average” two digit. industry. Cross- -
sectional observations in Canada are obtained from a ten province parti-
tioning of economic activity. One either has to live with this size of
sample and in many cases not carry out a study or opt for larger samples

and run the risk of losing the purity of a particular industrial

classification. 2

A aumber of constraints were imposed on the scope of the regression
analysis due to the paucity of observations in a number of the twenty
industry, ten region cells set out in these publications. The following
steps were taken to cbtain samples with a ‘viable’ number of observations.
Pirst, cbservations were pooled for the years 1964 and 1965.} The results

of the pooling were not favorable in the sense that a large number of the

l'l'his pooling of the data rests on the assumption of temporal
stability. This point is examined in some detail in the following section.
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cells still did not contain samples of a ‘reasonable’ size. This situation
provided the impetus for the second step which resulted in a reduction in
the number of regions from ten to a group of three: Western Canada, Central
| Canada and the Atlantic Provinces. As a third measure three of the twenty.v
two digit industries had to be eliminated because they were either concen-
trated in one or at most two of the fegions or regulations under the -

Statistics Act prevented D.B.S. from publishing the data2

The Econometric Analysis

Format of the Analysis

The discussion dealing with the industrial and regional breakdown
of manufacturing data indicates that the analysis should be divided
into three parts. Part 1 deals with the question of whether any bias
is introduced into the .analysis by pooling 1964 and 1965 data. Given
these results Part 2 deals with the effect regional influences exert on the
elasticity of factor substitution and the efficiency of labour in various
twc; digit manufacturing iridustries located in the Atlantic Provinces and
Western and Central Canada. Part 3 deals with economic interpretation and
overall significance of the results,

The analyses contained in each of these parts are o:ganizéd

‘15 the following manner. Firstly, the general specification of the appro-

priate regression models is given. Secondly, a joint test of all the

‘ TRrater to Table III-1 for a listing of the individual provinces
and a definition of the three major sub-groups. -

Z'The list of two digit manufacturing industries included in the
study is set out in Table III-2. The industries excluded due to their
limited representation in various regions of the country are the Tobacco
Products, Rubber and Knitting Mills Industries.
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TABLE IIl-l.--Classification of Regional Groups.

I. PROVINCIAL GROUPING

Region
British Columbia

|

Alberta

Saskatchewan
Manitoba

Ontario

Quebec

Newfoundland

Prince Edward Island

Nova Scotia

o 0 &N 600 UV b W MM = O

New Brunswick

II. WESTERN, CENTRAL AND ATLANTIC GROUPING

10 Western Canada (British Columbia,
' Atberta, Saskatchewan, Manitoba)

u Central Canada (Ontario and Quebec)
12 " Atlantic Provinces (Nova Scotia,

New Brunawick, Prince Edward Island
and Newfoundland)



TABLE I11-2,

8. 1. ¢C. No.

Uﬁtgwoquhp

16
1
18
19
20
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--Classification of Industry Groups

INDUSTRY

Food 'and Beverage -
Leather Industries |
Textile

Clothing

Wood

!uiniture 'and Fixture

Paper and' Allied

Printing, Publishing and Allied
Primary Metals

Metal Fabricating (except Machinery and
Transportation Equipment Industries

. Machinery Industries (except Electrical

Machinery)

Transportation Equipment
Electrical Products
Non-Metallic Mineral Products
Petroleum and Coal Products
Chemical and Chemical Products

Miscellaneous Manufacturing
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differential intercept and slope coefficients is carried out to detezmine
whether these coefficients differ significantly from zero. If this null
hypothesis is rejected individual tests of various dummy coefficients are
carried out.

Part 1: Intet-'r__e_mmral Effects

The answer to the question of whether the pooling of data for the
years 1964 and 1965 introduces any bias into the estimates of the elasticity
of factor substitution and the efficiem;y of labour is obtained by det_er-
mining whether there are any significant differences in the coefficients of
twg linear regressions in each of the seventeen, two digit manufacturing

industries. This can be shown by the following.

The SE cification

Rewrite (III-1) as:

Y, =a+ 33‘1 + € ' (III~-1-1)

where Y = 1og T X = log W (W - wage rate, ¢ - stochastic term and ¢ and 8

are the intercept and slope coefficients with the same intezp:etation as

noted pzeviously.

The two regréssion models for the jth industry are:
Yu = 01 + leli + eu' i= 1“‘811 ‘111'1'2)
Yo1 =02 + ByXy; + €250 4 = 1e—mn,

where the subset of observations labelled '1' refers to 1964 and '2' refers



t0 1965. If inter-temporal effects are unimportant o) = a, and 8, = g, and
. the Specification set out in (111-1-1) can be uged for a1l i = (1,2,...N)
observations where N = N) + Nj. Clearly, other 'less desirable’

results can occur. .

The procedures addpted for testing the coefficients are as follows:

1 for ali aobservations in 1965
I.et D.l = '
0 for alil ocbservations in 1964

Yi ' Yo + Ylbl + szi + Y3 (Dlxi) + oi (111-1'3)

vhere Yo and Y2 are the inter§ept and siope coefficient for the base year
1964 ang Y1 and Y3 are the differential intercept and slope coefficients.

Yo and ‘72 are equal to ,di and g) respectively while (Yo + 7)) = a, and

(Yo + v3) = Ba. (U; is the stochastic term.) Ordinary regression Procedures
applied lto the single equation set out in (r11-1-3) pProvide the basis foi
determining whether significant differences exist between the coefficients
in (I11-1-2). 1n effect, Ro¥170 and H,l:vy=0 are tested by the standara

't' test for indivigual regression coefficients.

The above tests of individual qummy cceffici-ents‘ are extremely
useful; however, the first point that must be clarified is whether the
Joint eontﬁbution made by all dummy variables (intercept anq slopes taken
together) are significantly different from zero. This may be achieveq by
¥ecognizing that (I11-1-1) incorporates a hypothesis which assumes that
temporal factors do not influence either the efficiency of labour or the
slasticity of factor substitution (the intezcept or slope terms) while

b/
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tnx-z—a) allows for temporal influences by allowing both the intercepts

. and slopes to vary freely. The basis for testing whether temporal effects

are important simply amounts to determining whether the increment in the
zeaidual sume of squares resulting from the removal of the dummy variables
f:un (111-1-3) is significant, 1f "S" is the residual sum of squares obtained
f:an the analysis of variance of the completely restricted regression
(111-1-1) and "S;" is the residual sum of squares obtained from (III-1-3)--
the completely unrestricted model--then the appropriate joint test of the

aull hypothesis Hp:vi=y3=0 is given by:l

Pa (S - s_],f)/K(P - 1)
31/"?9*

) 4 :efers to the number of explanatory variables; 'p' is the number of -

elasses and °'N*® is the total number of cbservations.

The Results:

- The appropriate °'F' values for the seventeen, two digit manufact-
uring industries are set out in Table (I11-1-1). Casnal inspection is
sufficient to indicate that the null hypothesis cannot be rejected in any

of the industries. Reference to the regression results set out in

- Table (III-1-2) indicates that the ‘t' values for all of the individual dunmy

coefficients are highly insignificant. On the basis of these two sets of ‘
:osults it is reasonable to conclude that there are no intertemporal
differences in the estimates of the efficiency of labour and the elasticity .

of factor substitution in Canadian manufacturing between 1964 and 196S.

IRcfer to J. Stewart and A. J. Rayner, “"Qualitative Factors in
Linear Regression Analysis", The Manchester Schaol (April 1971), p. 350
for a definition of this test and an extensive discussion of the dummy
variable and related techniques. A text book exposition is given by
J. Johnston, Econometric Methods, 2nd. edition, (McGraw Hill, 1972) ’
”o 192"2070
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TABLE III - 1 - 1: Joint Tests of Significance Pertaining to the Pooling
of Data for 1964 and 1965 in Seventeen, Two digit Manufacturing Industries

8.2.C. Name " *p* value Degrees of Freedom
. Numer- Denom=-
ator inator
rooa and Beverage T 0429 2 zn.
Wood : o 0.55 2 89
Paper and Allied 0.81 2 54
Printing, Publishing and Allied 0.75 -2 50
Metal Fabricating , 0.13 2 106
?nnspoftation 0.83 2 58
m-nemuc Minerals 0.47 2 100
Miscellanecus Manufacturing . 0.45 2 163
Leather ' | 0.03 2 22
Textile _ ' 0,55 2 6 .
Clothing . 0.03 2 56
Purniture and Fixture ' S 18 | 2 32
Primary Metal oL 0.22 2 37
Machinery Industries o -0.58 2 27
Electrical Products ' o.11 2 »
Petroleum and Coal Products 0.37 2 16
Chemical and Chemical Products : 6.05 2 63

.
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Part 2: Regional Irifluences on the "Efficiency” of
Labour and the Elasticity of Factor Substitution

The seventeen, two digit set of mannfacturing industries are

divided into an eight industry, three region classification covering

the Dominion and a nine industry two region grouping which is confined to
Central and Western Canada. The same procedure as outlined in Part 1 is
- employed; however, it is useful to set out the general format of the

models and the requisite null hypotheses.

Given a situation in which there are j = 1, 2----J industries,

r =1, 2----R regions and i =1, 2---N, observations on value added per
unit of labour (Y) and the wage rate (X) in each indust:y-;one can express ' i
the completely unrestricted model for the jth industry in the following

manner. Let r = 1 be the base region and D = [9192"91:“"01&] bealxR

vector of dummy variables, where D= 1 and D= 1 for all observations in

the kth region and '0' for all obsérvations located in any other region.

8
TB;

B

Rxl

51

Prel

Bre2
B2r
Rx1

is a column vector of intercept coefficients where
él is the intercept for the base region and
Bpees-Bp are ‘differential intercepts for the
remaining regions.

where Bg,, is the s;ope coefficient for the base
region and the :eﬁainiug elements are differential

slope coefficients,

The dummy variable form of the ordinary least squares model for the jth
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industry is expressed as:
R
vwhere i = (1, 2----N) N = IN, , and U is the stochastic variable.
r=1

Alternatively one can express (III-2-1) as:
R ' R
Yi = Bl + I BrDr + BR“'I xi + z BR+:(Drxi) + Ui
r=2 r=2
In the above model all of the intercept and slope coefficients are

allowed to vary freély. The appropriate null hypothesis is:

Hozsz = oo.o‘BR = BR+2 = c-ao-82R = 0

The totally restricted model was set out in (III-1-1) as:

Y, =a+ BX; +¢; i=1, 2---N

The Eight Industry, Three Region Results

The results of the tests for the overall homogeneity of the
differential intercept and: slope coefficients in eight, two digit manufact-
uring industries located in the Atlantic'f’:ovinces. Central and Western
Canada are set out in Table (III-2-1). Five industries exhibit significant
regional diffeten;:es at the five percent and ten percent levels vis-a-vis
four industries at the one percent level,

The regression results obtained for each.of the eight industries
are set out below. It should be noted that only five of these industries--
Pood and Beverages, Printing, Publishing and Allied, Metal Fabricating,
Transportaion and Miscellaneous Manufacturing--qualify for a detailed
cxminaticn of individual dummy coefficients. The appropriate results



TABLE III-2-1.--Joint Tests of Significance (differential Intercepts and
. Slopes) for Regional Influences in Eight Two Digit
Manufacturing Industries Located in Western
Canada, Central Canada and the Atlantic

P:oyinces
S.1.C. Name »p*® value Degrees of Freedom Significance Levels
Numer- Demon-

ator inator 10% 5%
Food and Beverages 6.561* 4 209 R R
" Wood 1.538 4 87 A A
Paper and Allied . 2.036 4 52 A A
Printing, Publishing and Allied 6.763% 4 48 R R
Metal Fabricating 2.600 4 104 R R
Transportation Equipment 5.820* 4 56 R R
Non-Metallic Minerals 1.010 4 98 A A
Miscellaneous Manufacturing 3.552¢* 4 161 R R

treject at the 1% level

A = accept or R - reject the null hypothesis
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for the Wood, Paper and Allied and Non-Metallic ninezals.industties are
obtained from specification (III-1-1); however, both sets of results are
presented for the sake of cunp;eteness. | |

The siﬁficant Industries

Food and Beverage Industriesl

¥ = 0.976 - 0.24001 + 0.].50!)2 + 1.598x + 0.702(D;x) + 0.249(028)

(111-2-2)
(8.182) (-1.420) (1.006) (8.853) (2.666) (0.732
N = 215, R2 = 0.599
Printing, Publishing and Allied Industries
¥ = 0.895 - 1.061D, - 0.744D, + 1.096X + 1.033(D;X) + 1.706(D,X)
. (111-2-3)
(1.667) (-1.109) (-1.234) (1.810) (1.008) (2.299)
N = 54, RZ = 0.523 .
Metal Fabricating Industries
¥ = 0.986 + 0.194D; + 0.301D, + 0.904X - 0.223(D;X) - 0.650 (D,X)
(I11-2-4)

(9.997) (0.878)  (1.484)  (7.128) (~0.777) (~2.031)
N = 110, R? = 0.462

’

1 zi for cbservations in Central Canada and
Dy =
1 0 otherxwise
{1 for cbservations in the Atlantic Provinces
D, =
2

0 otherwise
The figures in brackets are the 't' results.
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Transportation Equipment Industries

¥ = 0.758 + 0.024D, + 0.216D, + 0.971X = 0.136(D3X) - 0.721(D3X)

: (111-2-5)
(5.096) (0.110) (0.922) (5.085) (0.485) (-1.955)
N = 62, R2 = 0.662
Miscellaneous Industries ‘l
¥ = 1.303 - 0.192D; - 0.163D, + 0.272X + 0.553(D;X) + 0.101D5X)
(111-2-6)

N = 167, R? = 0,222

The tests of significance for the individual dummy slope and
i,nteicept coefficiengs are set out in Tables III-2-2 and 3. An examina-
tion of the first table indicates that in three out of the five industries
there is a significant difference between the estimates of the elasticity
of substitution in Western and Central Canada vis-a-vis the Atlantic
Prbvinces. This difference exists at the five percent level or better in
the P:in.ting. Publishing and Allied and Metal Fabricating industries while
relatively weaker support is found in the Transportation Equipment Industries
at the ten .pezcent level. In the Miscellaneous Manufacturing and Food and
Beveiage industries the dummy slope coefficients are significant at the five
and one percent levels for Central Canada vis-a-vis Western Canada and the
Atlantic Provinces.

Table III-2-3 indicates that there are no significant inter-
regional differences in the intercept terms in the three regions. It should
be noted ‘en passant' that the existence of significant differences in the
elasticities ensures that there are differences in the efficiency of labour

even though a common intercept terms holds across all of the various regions.
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The regression results set out in (II1-2-2).to (III-2-6) inclusive

indicate relatively low R2 values compared to those which are typically
encountered in time series studies or in inter-national cross-sectional studies.
A comparison of Table 1I-2-3, page 21 and 'rable 11-2-4 exemplifies the fact
that inter-regional cross-sectional studies within a given nation typically |
produce lower R2. The explanation is centetéd around the relative lack of
variation in the observations in a given year within a single country as

compared to the wide extremes encountered in cross-country comparisons. It

should be noted that the estimate of the elasticity of substitution for the
base region is not significant for the M::.scellaneous Manufacturing industrf at
the ten percent level. Given the nebulous nature of this classifiéation it is
felt that the statisitical results reflect the lack of meaningful economic

interpretation that can be given to this classification.

The "Non-Significant Industries"

The null hypothesis which states that the sets of differential
slope and intercept coefficients in a given industry are equal to zero
could not be rejected--even at a generous ten.percent level of significance--
for the Wood. Paper and Allied and Non-metallic Mineral Products Industries.
An examination of the regression results set cut below indicates that this
vesult is generally supported by the insignificant "t" values cbtained for
each of the dummy‘ coefficients. An-exception to this stateu;ént’ is found
in (111-5-9) in the "t" values obtained for the differential inte;rcept and
l;ope coefficients for Central Canada which are significant at the ten per-

cent and five percent levels respectively.



-50-

Wood Industries

Y = 0.941 - 0.214D, - 0.030D, + 0.746X + 0.323(D;X) = 0.554(DX)

(I11-2-7)
(9.659) (-1.157 (-0.235) (4.749) (0.728) (~-1.326)
N = 93, R? = 0.482
Paper and Allied Industries
Y = 0.950 - 0.116D; + 0.257D, + 1.403X - o.o42(olx) - 0.656 (DyX)
' (I11I-2-8)
(4.290) (-0.323) (0.745) (4.795) (-0.085) (-1.417)
N = 58, RZ = 0.480
Non-Metallic Mineral Products Industries
Y =1,405 ~ 0.79801 - 0.506D, + 0.667X + 1.109(D1X) + 0.687(028)
(111-2-9)

(4.801) (-1.943) (-1.178) (1.655) (1.994) (0.925)

N = 104, R? = 0.329

It is useful to briefly comment on the seemingly paradoxical
situation which exists in the Non-Metallic Mineral Products industry.
The "t" values indicate that 8, and 85 are significant at the ten percent level
(two-tailed test) while 80:82383=Bu885-0 is rejected. Some write;s.have loosely
stated that if any one of the estimated regression coefficients are signifi-
cantly different from zero then the resultant "F" value--for the joint test--
will also be significant.l It is evident that if this statement is correct
then thg above set of results could not occur other than through some type
of computational error.

A note by Geary and Leser in the American Statistician,2 demon--

strates that it is possible to have a situation in which all the coefficients

.1Jan Kmenta, Elements of Economettics, (New York: MacMillan, 1971),
p. 367. It should be noted in all fairness that Kinenta does qualify this
statement. . '

2R. C. Geary and C. E. V. Leser, "Significance Tests in Multiple
Regression”, The American Statistician, Vol. 22, (Pebruary 1968), pp.20-2l.
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of a multiple regression have significant "t" vélueé_ and still accept the
null hypothesis that ‘82 = 83 ;--Bka 0. It is suggested t:hatx this result
ensures that the case under consideration is not unique.

’Referencg'to Wonnacott and Wonnacott'sl discussion and portrayal -
of joint confidence intervals--two dimensional case--offers some intuitive
basis for explaining the above results.since it certainly appears possible
to have a situation where two of four possible regression estimates are
significantly different from zero and yet have a joint confidence interval
which includes the point (0,0;0,0) in four spaée. One cannot proceed very
far with four dimensional problems in two space. The procedure outlined'
earlier will be maintained--that is, at&nﬁon will not be paid to indiv-
idual _dmy coefficients unless the "F" test for the overall homogeneity
of the differential intercept and slope coefficient is significant.

Giveh the foregoing discussion and.argumentation the regreséion
results for the ‘non-significant' industries can be obtained by regressing
Y = F(X). (In effect, it is argued that regional infltiences do not signi-

ficantly affect the estimates.)?

Wood Industries

¥ = 0.824 + 0.879X - |
(2.54) (8.55) (111-2-10)

1z, J. Wwonnacott and L. H. Wonnacott, Econometrics, (New York:
Jeo W‘ley and Sons I_nc.' 1970)' PPe 248-258.

2'1’)\0 't' values for the intercept coefficient are accurate only to
‘three figures. One of the regression programs used in the study did not
produce standard errors for the intercept; thus a number of laborious
calculations were required before an estimate could be obtained and only
slide rule accuracy could be maintained.
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Paper and Allied Industries

' ; = 0,972 + 1.239X
(3.09) (6.09) (111-2-11)

Non-Metallic Mineral Industries

; = 0,927 + 1.353X (111-2-12)
(2.60) (6.62)

It is evident that the slope and intercept coefficients are all $ignificant

at the one percent level.

The Nine Industry Two Region Results ‘

The results of the joint tests for the existence of significant
regional in‘fluerices. in nine, two digit manufacturing industries located in
Western and Central Canada are set out in '.l'abie III-2-4. None of the "F"

' values are significant at the one percent level; however, significant
differences are found in the Leather and Primary Metal industries at the

ten percent level and the Electrical Products and Chemical and Chemical

Products industries at the five percent level. The individual regression results
results for the significant and 'non-significant' industries are presented

below.

The Significant Industries?!

Leather Industry
; = 0.500 + 0.256D; + 1.694X - 0.858!)18
(4.989) (2.109) (5.711) (=2.492) (111-2-13)

N = 26, R® = 0.717

1 {1 for cbservations located in Central Canada
Dy =

0 otherwise
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Primary Metal Industry
; = 2.219 - 1.576Dy - 0.311X + 1.617DyX
T AN

(3.387) (-1.987)  (-0.428) (1.820) (ITI-2-14}

N = 41, R® = Q204

. Electri:cal Products Industry
Y = 1.133 + 0.481 D, + 1.329X - 0.953D,X
(5.313) (1.785) (3.885) (-2.298) (111-2-_15)
N = 41, R? = 0.494
Chemical and Chemical Products Industry
; = 1.795 + 0.866D; + 0.879X - 1.010D1X
(9.101). (2.575) (3.2'12) (-2.235) (111-2-16)

N = 67, R = 0.186
i

Reference to the individual réq:ession coefficients i.in the above
four regressions indicatés that the differential intercept texrms are
significant at the. five percent level in the Leather, Primary Metal and
Chemical and Chemical Products industries as compared to a significance
level of ten percent in the Electrical Products industry. The differential
slope coefficients are significant at the five percent level in all of the
industries with the exception of the Primary Metal Industry (siqnificanﬁ

at the ten percent level).

The Non-Significant Industries
The results of the full dummy variable and the restricted regressions
are presented below. As noted previously, the restricted regressions are

based on the prior infommation obtained from the joint tests.
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Textile Industry

Full Regression
¥ = 0.928 + 0.088D, + 1.011X - 0.149(D;X)
(9.771) (0.729)  (4.328) (-0.525) (111-2-17)
N = 73, R2 = 0.424
Restricted

¥ = 0.980 + 0.925X
(5.38) (7.136) (L11-2-18)

R = 0.425

Clothing Industry

Full Régzession
¥ = 0.767 - 0.098D, + 1.043X + 0.130D)X
(8.660) (-0.860)  (3.960) (0.407) (111-2-19)
N = 60, R? = 0.507
Restricted

¥ = 0.711 + 1.111x
(3.23) (7.572) (113-2-20)

R% = 0.497
Purniture and Fixture Industry
Pull Regression
¥ = 0.994 + 0.005D; + 0.668X + 0.053D;X
(7.329) (0.031) (2.677) (0.158) (131-2-2))
N = 36, R? = 0.352
Restricted

Y = 1.007 + 0.669%
(7.66) (4.199) (113-2-22)

R? = 0.341




Machinery Industry

Pull Regression .
; = 1,799 -~ 0.654D1 + 0.066X + o.9o4o1x

N = 31, R? = 0.305

Restricted

Y = 1.464 + 0.525x
(6.54)  (2.035)  (1I1-2-2¢)

R? = 0.148

Petroleum and Coal Products Industry

Full Regression
¥ =1.795 + 0.089D; + 0.965X + 0.030D,X
(3.910) (0.137)  (2.205) (0.135) | (I11-2-25)
N =20, R? = 0.236 ..
Restricted

¥'= 1.904 + 0.941X |
(4.65)  (2.843) (I111-2-2¢)

R? = 0,321

The "t" results cbtained for individual dumy coefficients support
the 6veta11 findings indicated by i:he “F" values in Table III-2-4 with the
exception of differential intercept and slope coefficients for the
Machinery industry which are significant at the five percent level. This
result is not entirely mexpect:&d given the fact that P = 2,193 for this
industry while 32:;9, = 2.51. The intercept and sxoée coefficients in the
restricted ragressions are all significant at the one percent level.

~ In summary, it has been shown thit there are reasonable grounds
for believing that regional influences mt» be accounted for if the A.C.M.S.
specification is to be applied to the manufacturing sector of the Canadian

econamy. Five of the eight industries located in Western Canada, Central
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Canada and the Atlantic Provinces have significantly different elasticities
of substitution. In three out of five of these industries Western and
Central Canada sl;ated common elasticities of substitution which were
significantly diffexr_ept from the estimates obtained for;-'.t.he Atlantic region.
The efficiency of labour use in each of these three industries is accounted
for by the differences in eiasticities.

Four of the industries included in the nine industry partitioning

of manufacturing activity in Western and Central Canada exhibited significant

differences in both the intercept and the elasticity of substitution.

Significant regional regional influences were not detected in the remaining

five industries.

Part 3: The Over-all Significance and Economic
Interpretation of the Empirical Results

The objective of this portion of the study is three fold. Firstly,

the estimates of the two parameters obtained from the A.C.M.S. specification
are used to cbtain point measures of the substih;tiou and coefficient
parameters contained in a C.E.S. Production function homogeneous of degree
one. Secondly, each of the industries exhibiting significant regional
influences are examined in an attempt to determine whether there are any
readily discernible characteristics of thqse industries which would account
for the significant differences in the efficiency of labour use and the
elasticity of substitution. Pinally, a detailed comparison is made bet:ﬁeen
the estimates of the elasticity of substitution cbtained for the non-signifi-
cant industries and the results obtained from a study of two digit
manufacturing industries in the United States at approximately the same
period of time,
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The Existence of Non-Identical Production Punctioﬁs

The results of the analyses carried out in Part 2 of Chapter III
‘ind:lcates that there are sig_nificant inter-regional differences in the
efficiency of labour use and the elasticity of factor substitution in a
number of two digit manufacturing industries in Canada. It is suggested
that aifferences in these two estimates provide sufficient grounds for
arguing that thezje are different C.E.S. production functions for each of the
regional partitio_ns of the given industries. In effect, if

V = [BK=P + aL-P]-1/p

wherep-l_l,a-a'llband 1og%=loga+blogw
b

then it féllows that significant inter-regional differénces in the slope

and intercept terms are reflected in turn by different values for the

production parameters. Estimates of these production parameters are set

out in Tables III-3-1 and III-3-2. The following points should be noted.

V.
(L).
Y W
The efficiency of labour is defined as a = 'L « which implies

W

First, the intercept term in the A.C.M.S. regression is defined as a =

that a-l= al/b » In effect, the weciprocal of the proportion of the product
e -1/b L 17P .

distributed to labour--a = a =W (V) ~=1s a measure of efficiency of
labour use. An examination of the last column in Tables III-3-1 and 2
.provides the' information required to Provide an ordihal ranking of relative
labour efficiencies within and between various industries. Secondly,
referexﬁce to Table III-3~1 indicates that differences in the elasticity of
substitution lead to marked differences in the efficiency of labour and the
portion of the product accruing to labour even when the intercept terms are

" identical. Thirdly, a limited number of the 't' values for estimates of “the

elasticity of factor substitution and the intercept terms--in particular
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estimates obtainéd in industries exhibitingy regional differences--are not
significantly different frbm zero. Thqu results account for the seemingly
ridiculous point estimates of p and a’ ‘Réference to Table III-3-1 indicates
that the 't' values are insignificant at the ten percent and lower levels for
estimates of the elasticity of substitution obtained in the Metal Faﬁricating
industry (Atlantic region) and the Transportation Eqnipmenﬁ industry (Atlantic _
region). The remainder of the intercept and elasticity terms are significant
at the one percent level with the exception of the three estimates which are
significant at the five and ten percent levels. Similar observations can
be made with respect to Table III-3-2. Insignificant 't' values are
obtained for the estimate of the elasticity of substitution in the Primary
Metal (Western Canada) and the Chemical and Chemical Products industries
(Central Canada). The intercept and the élasticity of substitution estimates
are significant at the ten percent level in the Primary Metal and Electrical
Products industries, respectively, while the remainder of the values are

significant at the one percent level.

It should be noted fhat th; icceﬁtanco of the null hypothesis tﬁ;t
,tlui elasticity of substitution in a particular industt? is equal to zero
implies that the Leontief type pnoduétion function-ela;ticity of substitution
equal to zero--is supported rather than the Cobb-Douglas or C.E.S. form. This
situation differs considerably from the nommal case in which the null hypo-
thesis is simply a 'straw man'..

Pinally, it is worth re-emphasizing the point that the lack of
regional capital stock data has proven to be rather.costly in the sense
that it is impossible to obtain estimates of 8, the coefficient of capital
in the C.E.S. production function or to try various types of alternative

specifications.
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An Appraisal of the Economic Results Obtained for th§
Significant Industries

The ptoﬁious discuasion has established the fact that regional
differences in the efficiency of labour use and the elasticity of substitu-
tion (the intercept and slope terms in the regressions) are reflected in
terms of different production parameters. élearly the important questions
are why do these differences exist and how can they be accounted for. The
standard micro-economic theory of production has alyays posiged the
assumption that there is a one to one coztespéndence between a given
production function and a given commodity or sets of commodities regardless
cf'tﬁe spatial locafion of the production processes. This assumption was
adopted in aggregative analysis under the ‘reasoning by analogy'<tu;e which
hasvSeen widely used in formulating theories in the macro area; however,
as noted the results of the study suggest that in certain industries thé‘ '
assumption is of dubious merit.

A.C.M.S. attempted to answer this question by arguing that inter-
regional differences in production functions were based on neutral differ-
Aences in factor use. This simply amounts to stating that the shape of the
isoquant; in various regions are identical except for a pure scale effect.
Their findings indicated that the constancy of the capital and labour
coefficients héid-up but the neutral efficiency parameter experienced wide
inter-national variations.

In effect, by rewriting the C.E.S. function as
vy = vy [6,KPE 4 (1 - &y 1P

where i refers to the ith industry, § the dist:ibut;on parameter and y the
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neutral efficiency parameter § = ByP and a+Bey™ . A.C.M.S. found that
S _ remained constant while vy varied widely.! cClearly, data 1imitations
:;:uzo that‘octinatcs of § and vy cannot be provided in this study. 1iIn
addition, thé atatQment that production functions are identical with the
exception of differences in the neutral effic;ency parameter seems to be
rather facile in the light of seemingly.la:ga disparities in the quantity
and quality of humﬁn capital stock located in various tegionslin Canada.
In effect, it would appear that differences in efficiency could be biased
towards capital or labour as well as being neutral.

The net result is that the data constraints prevent one from
pursuing various avenues which could produce some fruitful results. The
cbjective of the remainder of this section is to explicitly depict the
results cbtained for the various industries exhibiting regional influences
and to speculate on some of the factors which may account for the diffb:encés.
No pretense is made to provide a definitive answer.to the question as to
why regional differences in production functions exigt. This.answer will
only emerge after a substantial amount of empirical and theoretical research
has been carried out; however, it is suggested the exercise will provide

some insight into the matter.

~

_'gggg and Beverage Industry .

The estimates of the elasticity of substitution and the intercept
term for the regions exhibiting §ignifica§t differences in the Food and
Beverage industry are set out in Table III-3-1 and represented graphically

in Fiqure III-3-].

Ix. J. Arrow et..al. op._cit., p. 233.
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= 0.976 + 2.300x (©)

Y = 0.976 + 1.598x  (WsA)

C - Central Canada, Wg A - Western Canada and the Atlantic Provinces

FIGURE III-3-1.-=Regional Influences in the Food and Beverage Industry

Tests of the null hypothesis that the elasticity of substitution
is equal to one indicates that t = 3.3 for Central Canada and 2.1 for
Western Canada and the Atlantic Provinces. This ':lmplies that the Cobb-
Douglas form of the production function is rejected at the one Percent
level. The estimates of the elasticities indicate that a ten percent
change in the factor Price ratio will lead to a twenty~-three percent
increase in Central Canada vis-a-vis a sixteen percent increase in Western
~ Canada.l This high degree of substitution of capital for labour in res-
pbm to relatively nominal increases in the price of labour relative to

. . K v
Irhis result follows from gadlogp _dlogy

4 log R d log W
and the equilibrium condition:

v .
L _3aT |
._

oy * R(X, L)
XK
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capital could prove to be troublesome in terms of the employment tradeoffs
that would be fzved if labour negotiated relatively favourable contracts
or provincial and federal Mnu made iubstantial changes in minimum
wage laws.

The existence of the ai.gnif:l..cant differences in elasticities be-
tween Central Canada vis-a-vis Western Canada and the Maritimes offers
some grounds for the following speculation. Casual empiricism suggests
that the output of the FPood and Beverage industries in the Western and
Atlgntic provinces is chatacterized by a substantial amount of primary
processing as compared to the finished commodity mix produced by Central
Canadian manufacturers for consumption in' the major metropolitan' areas
of Ontario and Quebec. If one accepts the premise that the primary
processing carried on by the export oriented industries in the West - .
are relatively more capital intensive and thus have a relatively lower
elasticity of factor substitutioﬁ the empirical results seem to make a great
deal of sense. For example, a quick comparison of the output of the large |
meat packing establishments in Alberta and Manitoba suggests that large
volumes of beef and pork carcasses and animal by-products are shipped to
Central Canadian markets. These products are produced by dressing the
animals on large scale beef and hog conveyor systems. The processing of
'tablc-:eady meats (sliced meat products etc.) on the other hand is
:elitively wore labour intensive. It is suggested that the output mix in
the Toronto and Montreal meat packing plants is weighted much more heavily
towards the production of the relatively more labour intensive iteuﬁ than
is the case in the export §riented Western Provinces.

It should be noted that the argument made in the above exawple
implicitly assumes that the production function is identical for similar
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commodities in various regions. It is assumed that differences in the

mix of commodities (mix of production functions) account .for the regional
differences in the aggregate production function. |

It is interesting to note that by acéepting the industry mix argu-

nent one is really implicitly assuming that there are significant inter-
industry differences in the three digit production function parameters;
however, this assumption is contrary to the maintained hypothesis that the
industries included in a two digit classification can be said to have a
eoﬁmon technology. The only way to ‘'resolve this dilemma would be to cai:ry
out a study which determined whether there were any significant inter-
industry differences in béroduction parameters -at the three digit level
though it is not at all clear that this procedure would not have to be
continued down to at least the four digit level. -Given the constraints im-
posed on the availability of data such a series of studies could not be
carried out by individuals outside of the government civil service. This
implies that for all practical purposes investigators have had to live with
the maintained hypothesis and assume that there are real differenc'es, in tne
production functions within a region at two and three digit levels. This

is a dangerous practise since one can confuse apparent differences in aggre-
gate production functions with real differences in the underlying micro
relationships. It is suggested that it is intuitively and logically appeal-
ing to start at the four digit level and demonstrate that various sets of
production relationships are statistically and economically equivalent before
investigating the two digit relationships. As matters now stand there is

' no way of knowing whether aggregate and micro differences in production °
relationships are related. This is of little consequence for certain broad
policy purposes; however, it can be disastrous if due caution is not

exercised.
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Printing, Publishing and Allied Industries .

Reference to Table III-3-1 indicates that the elasticity of
substitution in the Printing and Publishing industry ranges fr.om approxi-
mately 1.0 for Western and Central Canada vis-a-vis 2.8 for the Atlantic
Provinces. The efficiency -of labour use is different in both r:eg;i.ons.l The
test of (H,:8;=1) produced a t.= 0.16 for Western and Central Canada vis-a-
vis t = 4.5 for the Atlantic region which suggests that a Cobb-Douglas
production function is appropriate for the former as compared to the
C.E.S. form which is required in the latter region. Figure 1I1-3-2

illustrates the difference in the two regions.

4 B ¥ = 0.895 + 2.802X (A)
€ = 0.895 + 1.096X (W & C)
X
(A) - Atlantic Provinces (W & C) Western and Central Canada

FIGURE III-3-2.--Regional Influences in the Printing, Publishing and
Allied Industries

No attempt will be made to speculate on the reasons vhich account for the
major differences in the elasticities. It is suggested that close

attemtion should be paid to highly dis-aggregated (four digit) data.

The Metal Pabricating and Transportation Equipment Industries
Reference to the results set out in Table III-3-1 indicates that

| quite similar results are cbtained for the Metal Fabricating and

1'Refer to Table III-3-1.
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T:anséortat_ion Equipment industries in the sense that the elasticities of
subsﬁitution are significantly lower in the Atlantic vis-a-vis the Central
and Western regions of Canada. The results are depiéted Qzaphically in
Pigures III-3-3 and III-3-4. |
Y

Y = 0.986 + 0.904X (W & C)
Y = 0.986 + 0.254x  (A)
X
(WsC) - Western and Central Canada  (A) = Atlantic Provinces

PIGURE .III-3-3.--Regional Effects in the Metal Fabricating Industry.

¢ = 0.758 + 0.971X (W & C)

¥ = 0.758 + 0.249% ()

X
W&cC- ﬁesta:n and Central Canada I(A) - Mﬁlantic Provinces

FIGURE I1I-3-4.--Regional Effects in the Transportation Industry.

Tests to determine whether the elasticities of substitution are
different from one indicate that the Cobb=Douglas production function is
iu acceptable form in both industries for Western and Central Canada.

The low 't' values for estimates in each of the two regions suggest that
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the Leontief form would be a suitable type of production relationship for
the Atlantic region. .

The marked regional differences in the elasticities in each
industry--unitary vis-a-vis highly inelastic values--are rather inter-
esting i.nl the sense that substantial ;lncteases in wages in the Maritimes
would not have the employment trade-offs that would be experienced in the
rest of Canada. This result could have some useful policy implications if
a reasonable explanation could be forumlated which would account for the
regional effzcts.

The following comments offer some broad quidance in this direction.
An examination of the industrial composition of the Metal Fabricating indus~ :
tries~-Boiler and Plate works. Fabricated Structural Metal, Ornamental and
Architectural Metal, Metal Stamping, Pressing and Coating, Wire and Wire
Products, Hardware, Tool and Cutlery, Heating Equipment, Machine Shops and
Miscellaneous Pabric;ting--indicates that there are marked differences in
the industry mix between the Maritimes and Central Canada. This difference
is not surprising; however, recognition of the fact that the Shipbuilding
and Repair. and Boatbuilding and Repair industries are included under Trans-
portation Equipment highlights the fact that a major section of the
Atlantic Provinces' "metal fabricating like activities® are not included
in tbis industry. Western Canadian provinces have enough strength in
various three digit Metal Fabricating industries to present an industrial
mix which is not significantly different from Ontario and Quebec at least
in tem of the estimates of the substitution parameters. This is seemingly
lacking in the Atlantic Provinces.

Similar remarks can be made with respect to the Transportation
Industry. The Ontario-Quebec mix is heavily weighted by the Motor Car,
Aircraft and Parts, Shipbuilding and Motor Vehicles Parts and Accessories
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industries while the Atlantic provinces--principally Nova Scotia--are more
heavily dominated by Shipbuilding.

In effect, it is suggested that the argument advanced with respect
to the Food and Beverage industry applies in the Metal Fabricating and
'rzanspoztati.on_zquipment industries. Certain regional partitions of the
set of economic activities carried out in a two digit industry may only
encompass a subset of the entire range of activities carried out in the
industry. The aggregate pzodugeion function for these regions will be
atypical in the sense that the investigator has only obtained data for a.

few of the total number of different production processes.

Miscellaneous Manufacturing Industries

The results obtained for the Miscellaneous Manufacturing industry---
refer to Table III-3-1--indicate that all three regions have different ef-
ficiencies of factor use; however, the estimate of the elasticity of
substitution in the Western and Atlantic regions are equal to 0.272 vis-a-
vis a value of 1.325 for Central Canada. The 't' value for the elasticity
of substitution (B,: B;-l) jndicates that the elasticity of substitution in
Western Canada and the Atlantic Provinces is greater than zero and less than

one. The null hypothesis could not bé rejected for Central Canada.

¥
Y = 1.303 + 1.325x  (C)

¥ = 1.303 + 0.272%X (W&A)

X
(C) Central Canada (WsA) Western Canada and Atlantic P:ovinc;s

FIGURE III-3-S.-¥83gional Infimces in the Miscellaneous Manufacturing
Industry.
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No attempt will be made to provide an insight into this 'pot'.poutti‘ of
manufacturing industries other than to note that regional concentrations
are important. | _

The remaining four industries which exhibit regional influences
are found in ghe nine i;ldustry. Western and Central Canada partitioning
of manufacturing activity. It is worth noting as a preliminary obsémtion
that significant regional differences are found in both the efficiency of
jabour and elasticity of factor substitution. A brief examination of the
point estimates for the substitution and the gfficiency of labour para- .
meters in Table III-3-2 indicates that this leads to extremely wide
variitions compared to the range exhibited by ‘the esti._maﬁes set out in
Table III-r3f1. |

Tt is useful to examine the four significant industries as a
group. The estimates noted in Table III-3-2 are illustrated by the B

following f_igures.

Y ¥ = 0.500 + 1.694X (W)

¢ = 0.756 + 0.736X (C)

X
(W) - Western Canada  (C) - Central Canada : -

FIGURE I1I-3-6.--Regional Effects in the Leather Industry.

Tests of (H,:8;=1) indicate that the hypothesis is rejected at the
five percent level for Western Canada (t = 2.34). The estimate for Central
Canada is not significantly different from one at the ten percent level

(t = 1.47).
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¥ = 0.643 + 1.306X  (C)

¢ = 2.219 - 0.311X (W)

X
(C) Central Canada (W) Western Canada

FIGURE 11I-3-7.--Regional Effects in the Primary Metal Industry

‘ The estimate of the elasticity of substitution has a negative
slope which would be meaningless from a theoretical viewpoint if the 't’
value did not indicate that the estimate was highly insignificant and not
different from zerc. (Refer to Table III-3-2). The elasticity of sub-
stitution in Central c‘anada is not significantly different from one at

the ten percent level.
¥ =1.133 + 1.329Xx (W)

¥ = 1.614 + 0.376X (C)

X
(W) Western Canada (C) Central Canada

PIGURE III-3-8.--Regional Effects in the Electrical Products Industry.

The elasticity of substitution in Western Canada is not significantly

adifferent from one while the estimate for Central Canada is significantly
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different from one at the one percent level and significantly different

from zero at the ten percent level.

¥ = 1,795 + 0.874x (W)

. X
(W) - Western Canada (C) - Central Canada

PFIGURE III-3-9.--Regional Effects in the Chemical and Chemical Products
Industry

The elasticity of substitution in Centr$1 Canada has a negative
sign; however, it is not different from zero at any acceptable significance
level. The estimate for Western Canada is not significantly different from
one at the ten percent level (t = 0.44). |

An examination of Figures III-3-6 to 9 and Table III-3-2 indicates
that relativgly low values of the elasticity of substitution are associated
with relatively high values for the efficiency of labour use term. This
trend holds across all of the regions with the exception of the unsupportable
negative elasticity estimates which should be ignored. It should be noted
that in two of the industries (Leather and Electrical Products) the lower
elasticities and higher efficiency of labour use values are associated with
the Central Canada rather than Western Canada. If the assumption is made
that the negative elasticities are also indicative of a low elasticity high

efficiency pattern then this observation can be extended to the Chemical

and Chemical Products industry. It should be noted that the regional
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positions would be juxtaposed in the Primary industries.

One poss:l.ble explanation of this result is centered around the
assumption that highly capital intensive production processes have
:elatively low elasticities of substitution and generally speaking a larger
value added per man hour of labou: employed. In certain instances it can
be argued that the capital intensive technology is associated with high
volume mass production techniques which can employ highly automated
procedures; however, on the other hand a relative shortage of labour which
is reflected in higher labour costs can lead to the adopting of capital in-
tensive procedures at relatively lower volumes of output. An examination
of the datal-—value added, man hours of production, wage rates in manu-
£actmring industries for various three d:lgit breakdowns of industrial
activity--indicates that the bulk of the mass produced items are seemingly
concentrated in Central Canada. For example in the Leather industry the
major shoe factories are located in Central Capada-i;m the Electrical
Products industry virtually all <;£ the Canadian electronics industry is
located in Central Canada. Similar observations can be made with respect
to the pharmaceutical and medical products, toilet preparations and the
major poi:tion of the industrial chemicals produced in the Chemical and
Chemical Products i'ndustty.. An apparent contradiction of this general
trend arises in the Primary Metal industry since it is difficult to re-
concile the low elasticity, high efficiency of labour use argument in
Western Canada with the higher estimates obtained for Central Canada which
contains among other things the Algoma and Stelco steel operations. It
is suggested, however, that the differences in the industry mix account

for the diff.eunt_ confiquration of production parameters in the two regions.

po—

luannfactu:ing Industries of Canada, Sections A, B, €, D, E, and
?, Dominion Bureau of Statistics, (Ottawa: Queen s Printer) 1964 and 1965.
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In summary, it is suggested that four of the nine industries contained
in the nine industry breakdown of manufacturing activity exhibit significant
regional differences in both the efficiency of labour use and the elasticity
of substitution. There appears to be a systematic relationship between low
elasticity and high efficiency of labour use values across the regional break-
down contained in each industry. The suggestion was made that the regional
concentration of this difference in three of the four industries simply
reflects the difference in technology underlying the capital intensive mass
production techniques employed in Central Canada. A cursory examination |
of the industry mix in the vatious regions indicated that this argument
must be qualified by the observation that Central Canada is the sole
region in which certain goods and services are produced. This implies that
regional partitions of two digit manufacturing industries may differ
partially because of the differences in the technology which tan be utilized
in producing similar goods and services and partially because of the
differences in the product mix. |
The point to note is that once regional differences in aggregate
production functions are encounteied one must revert to less aggregate
analysis which provides relatively fine commodity and industrial breakdowns.
It is impossible to achieve this objective within the confines of this
study;: how;vet. it is felt that a sufficient number of problems have been

raised to discourage the naive use of aggregative results.

An Appraisal of the Economic Results Obtained for the
Non-Significant Industries
The results of the discussion and econometric analyses dealing
with the question of inter-regional differences in production functions
" within various industries in Canada indicates that there are no significant

differences in the elast;city of substitution and the efficiency of factor
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use in three of the eight industty t:hrée' region and five of the nine

industry two region partitions of industrial activity. The objective of
the following discussion is to: (1) determine whether the special cases

of the C.E.S. production function=-the Leontief ;r Cbbb-bouglas formg=-
can be used in place of the more complex function:; and (2) compare the
estimates of the‘elasticity of substitution obtained for these two digit
industries with similar results obtained in the United States.

The results of the ‘t' tests are set out in Table III-3-3.
The Leontief type production function is excluded from consideration at the
one percent level in all industries exoépt the Machinery industry (the
null hypothesis is rejected at the 2.5% level). The tests of significance
for the Cobb-Douglas case indicates that the hypothesis Bj = ] cannot be
rejected at the one percent level though significant differences in the
Machinery and Furniture and Fixture industriés offer some support for
O<b<l at the 2.5% level. It is suggested that the Cobb-Douglas production
function is suitable for at least six of the eight industries.

One interesting speculation should be noted in connection with
industries noted in Table III-3-3. The first two industries could be called
ubiqéitous industries since it can be argued that their basic function is
to process a basic Canadian staple (wood) which is widely scattered throug-
out the Dominion. The Sasic reason for this natural resource orientated
dispersion rests on the weight losing charﬁcteristics of the raw material
inputs. In effect, it is suggested that it is the rather limited processing
of relatively homogeneous products which has ensured that their aggregate
- production functions are virtually identical across Western and Central
Canada and the Atlantic Provinces. A similar comment could be made with
respect to the Non-Metallic Mineral Industry though it should be noted that
it is the weight gaining characteristics of its output which has led to a
wide dispersal throughout Canada. '



TABLE IlI-3-3 ..Tests of significance for the Magnitude of the Elasticity of
Substitution in Eight, Two Digit Manufacturing Industries

Located in Canada and Western and Central Canada.

Industry

No. Name

Estimate

of 'b’

Rr2

d.F. %:BiCO
1%

Test of Hypothesis

H_:B8;=1
0143

2 | Paper and Allie.d.

3 | Non=Metallic Mineral
4 '.l"extile

S '{ Clothing

6 | Purniture & Fixture

7 {Machinery Industries

8 |Petroleum & Coal Products

0.879
(0.203)
t=8.552

1.239
(0.203)
t=6.092

1.353
(0.203)
t=6.619

0.925
(0.130)
t=7.136

1.110
(0.147)
t=7.572

0.669
(0.159)

t=4.199

0.525
(0.228)
t=2.305

0.941
(0.331)
t=2.843

0.445
0.398
0.300
0.417
0.497
0.341
0.154

0.310

91

S6

102

n

58

34

29

18

R

A%

R

A

At

A®

R =|Reject Null Hypothesis

ssignificant at 2.5% level

11¢ should be carefully noted that the estimates of the elasticity

of substitution that are set out
were obtained from the three regi
activity., The remainder are restricted to

breakdown.

for each of the first three industries
on partitioning of manufacturing
the Western and Central Canada

e e ——————— T T
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It should be noted that the marked similarity in the ‘elasticity of
substitution and the efficiency of labour use between Western and Central
Canada extends over eleven of the seventeen manufacturing industries. (The
eight industries set cut in Table iII-3-3 and the Printing, Publishing and
Allieq, Metal Fabricating and Transportation Equipment industries noted
in Table II1I-2-2). This suggests that common national policies which

perturb these parameters will have a common effect on both these regions.

Estimates of the Elasticities of Substitution in Two and
Three Digit Industries

| It i.é useful to eS:ami.ne a stu'dy carried out by Zarembka and
Chernicoff for two and three digit manufacturing industries in the United
States.l a dummy variable form of the A.C.M.S. specification was used
in this study. Regional dummy variables (intercept dummies) were added
R to determine whether product prices and wage rates were correlated among
regions and a slope dummy was added to determine whether regiox’xa} differ-
ences in product mixes led to significantly different estimates of the

elasticity of substitution. In effects'

-y .

Yi - c°+c101+cznz+c3n3+c4D4*csx1+06 (szi) +03g (I11-3-1)
D1 to Dy are intercept dummies for various regions, Dg is a slope dummy

for avba:titioninq of the regions in two groups, Y and X are the same as
noted pzeviousiy and U is the stochastic term.
The resultant estix;tates of the elastic;ty of substitution and the
't' test for the slope dummy are set out in Table III-3-4. The-first point —

lp. zarembka and H. B. Chernicoff, "Further Results on the
Bmpirical Relevance of the C.E.S. Production Function' » Review of Economics
and Statistics, Volume LIII, Number 1, (February 1971) ¢ PP. 106-207,"



TABLE IIl-3-4.--Preliminary Estimates of the Elasticity of Substitution
for Two-Digit Industries (United States 1963)1

1963
All Observations S-test foe
f ooy % I3 o, Regona!
20. Food 0.692 516 9?7 1.638
: (.104)
22. Textile 1.236 1 62 0384
o 157)
23. Appard 131 S0? 90 1028
(184)
24. Lumber and 0926 J34 98 2638
Wood (.087)
28. Famiture 1.046 T 638 87 0264
(121)
26. Paper 1592 $79 82 0.202
' (.140)
22. Prlntmg and 0318 S88 97 0316
Publishing (.087)
28, Chemicals 1230 A27 ) 0858
- - )
29. Petroleum 1361 234 52 0.065
and Coal (42¢)
30. Rubber and 1.041 -537 67 0156
Plastics (138)
33. Leather 1.018 £58. 40 0277
(149)
32. Stone, Clay, 1.204 504 9 0.040
and Glass (122)
33. Primary Metals 1306 574 30 0214
(.139)
34. Fabricated 0887 376 96 0.716
Metals (.110)
3S.  Machinery, 0.681 261 % 1975
except Electrical (.146)
36.  Electrical 0.563 088 8t 1593
Machinery (.280)
37.  Transportation 0.242 251 " 853
Equipment (.108) ,
38. Instruments 1343 398 % 1937
(213)
39. Miscellaneous 1.082 492 7] 0202
Manufacturing (.134)

of #ar = oss rejected 8t S

be&mm For 1963, see text; for 1957 and 1958, se; Zumbh [?, table 1).
udemkenﬂmthels wttamwl&ﬁ bmmusm:.

}ibia., p. 107.
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to consider is that siénificanﬁ regional differences h.the elasticity of
substitution at the ten percent level'or better are found in the United
States: Food, Lumber and Wood, Machinery except Electrical, Electrical,
Transportation and Instrument industries. Reference to Tables III-3-1 and
III-3=2 indicates that regional differences were found in the E'ood and
‘Beverage, Printing, Publishing and ‘Allied, Transportation !'-:qui;pment. Metal
Pabricating, Miscellaneous, Leather, Primary Metal, Electrical Products and
Chemical and Chemical Products industries. Regional influences seem to \
be more prevelant in Canada; however, ‘11: should be noted that Zarembka and
Chernicoff used regions for their slopg dummy that were larger than the-
regions that were used for the intercept dummies. This implies, other
things being equal, that there is less 'chanee of obtaining regional
variations the larger the size of the region. In any event regional in-
fluences were evident in roughly thirty-one percent of the two digit
United States industries in 1963 and approximately fifty-three percent of
Canadian manufacturing in 1964 and 1965. |
A pairwise comparison of the industries in each country--industries

exhibiting regional influences were exclxﬂed;-indicatgs there is a high
degree of mutual compatibility between the various elasticity estimates.

In the Caﬁadian case the estimates are not significantly different from

one at the one percent level. This holds true for the United States as well
though a relaxation to the five percent level pm#ides grounds for arquing
" that the estimate of the elasticity in the Apparel industry in the United
States would become greater than one whereas the estimate for the Furniture
and Fixture industry in Canada would become inelastic. In general
Chernicoff and Zarembka argue that the elasticity of substitution in United.
States manufacturing is not significantly different from one. The results

of the eight industry breakdown for Canada would support this contention;
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however, the full seventeen industry breakdown has a number of regional.
estimates of the elasticity which are not significantly different frem

Table III-3-5 sets out various estimates of the elasticity of
substitution that were obtained for the set of three digit indust:ies
contained in each two digit United States manufacturing industry. These
‘results are extremely interesting since it has been suggested that: one of
the basic :euone for inter-regional diffetenees in two digit production
function perametets may simply stem from the fact that certain three
digit industries are not located in one or more of the regious under
consideration. rf there are no significant differences among these indus-
tries then this problem is of little consequence; however, if the con-
verse is true then significant differences in elasticities at a two
digit level could not be claimed until the investigator had demonstrated
that the industry mixes in various regions were comparable. An examination
of Table IIT-3-5 indicates there are significant differences in the
elasticity of substitution (8, °0’-1) in the three digit iudust:ies contained
in the following two digit industries: Pood, Apparel, Paper, Chemicals,
Pabricated Metals, Transportation Equipment, Instruments and Miscellaneous
Nanufacturing. Reference to Table III-3-4 indicates that the majority
of the two digit industries with regional differences in their elasticities
of substitution do not have significant differences in elasticities among
ei.,u three digit industries. (Compare the results set out for the Lumber
industry in both Tables.) This result is seemingly explained by the fact
that Zarembka and Chernicoff used a different cize of region to estimate
their differential elasticities and their estimates of the elasticities set
out in Table ITI-3-5. The net result is that the existence of wide variations
‘among the three digit industries contained in a two digit industry has been
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| gABLE III-3- 5. —-Estimates of the Elasticity of Substitution for Three-Digit
' Industries and standard Exrrors--1963 :

‘He: ¢ =
\6‘5«‘ : At
xﬁy 1 2 s 4 s . r s e e Sis

20 0sss*  0.714* 1299 0267 0.949 1.081 1300 1779 4/4 1/3
(113)  (206) (340) (231) (138) (259) (139  (244)
2 0927 0.082 138 3/0 ©0/0
(387) - (14) (429)
23 1540 1959 1476  2363° 1869 1207 1068. -4/3 3/0
(363) (431) (219) (457 (497 . (281) - .(102)
2% 099 0469 0438 0.964 0959 S/0 2/
(a7) * (a281) (123). (138) (16
23 1184 0.747 0953 . oS 4/ 1/0
(150) (208) (176 ‘ - (262) ,
26 2308 0383 1172 0.727 . sn oo
(S21) (629)  (458) (225) : :
2 0868  1.108 1.059 0.998 0818 0884 0332 1066 8/0 4/0
(101)  (102) (188) (A7) (.098) (437) (197)  (100) .
28 0539 .1.396 2231 2083* 1406 " 1470 4/2 o/
(a11) (497) (414) (291) (2s8) - (306)
2 1083 0819 - 20 0/
(437 (AS9)
"0 : 0.649 0643 70 o/
- 2 (278) :
n 0991 ‘o o
(407)
2 1388 0366 1424 1207 0912 1307 6/0 31/0
-(344) (599) (311) (320) (183) (319)
] 099 1181 1397 1364 060 S/0 1/0
(54 (337 (.149) _ (3286)
“ 1248 1323 0692  0s11 0.786 0.659 0907 0680 6/2 oL
. (209) (291) (120 (191) (158)  (209) (363) (156)
£ 14 any 0786 . 0382 1119 0883 0.907 0820 /0 4/0
(209) 317 (12) (349)  (138) (314) - (229) -
* 1018 0923 1.008 0316 . 0.763 0878 1027 ¥0 0/
(330) (299 (600  (482) (as2)  (229) (349)
1 4 1.706 15%6° o . 0854 I/ o0
(362) (363Y . (381
] 0S543°  1.006 1313 . s ©f0
(208) (292) (3%0) . ’
» -—-018° 31399 . 0308 0787 - 138 41 Yo
($12) (226) (312)  (3%3) (382)

Sources: See test.
!MMMmuSpcm

Y4pia., p.109,110.
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established. In the case under question the finer three digit classification
d:l.d not vi.ﬁate the conclusion that an elasticity of 'subétimtion equal to
one was app:oériate for most estima_f.j._o'n purposes; hov)evet, it is clear
| that variations in the industry mix and inter-industry differences at the
three digit level can easily combine to produce sui:stant_ial teé:lonal '
differences in two digit éstimates of various production parameters. This
implies that more care must be taken in carrying out inter-regional cross-

secﬁoml studies to ensure that industries under examination have reason-

ably eompatablé industry mixes rather than similar names.



CHAPTER 1V

. INTER-INDUSTRY DIFPERENCES IN THE ELASTICITY

OF FACTOR SUBSTITUTION

The Heckscher-Ohlin model has been widely used to provide an
explanation for the movement of goods' and services between various regions.
Given the following assumptions:

(1) Identical production functions for all countries;

(2) Constant returns to scale;

(3) Perfect mobility of factors within a country and complete immobility
between countries; .

(4) Inelastic supply of factors; and

(5) Perfect competition in all markets and an absense of transport costs;
it is relatively easy to demonstrate that differences in the comparative
costs of producing various cammodities are based on differences in relative
factor endowments among various countries. The basis for trade rests on the
emergence of comparative advantages predicated on differences in the factor
intensities of various commodities. Under perfectly competitive conditions
countries will export commodities which use their relative factor endow- -
ments most intensively. The eventual equalization of couﬁodity prices
eventually leads to the equalization of factor p:icos.l

lpeter to Clement, Pfister and Rothwell, Theoretical Issues in
International Economics, (Boston, Massachusetts: Houghton Mifflin Company) ,
1967, pp. 81-122, for a detailed treatment of the Heckscher-Chlin model
and a review of the empirical studies and issues which challenge its
‘validity. Attention should also be paid to the discussion dealing with
the factor price equalization theorem and factor reversals on pages
18 to 60,
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. The purpose of this Chapter is to briefly test whether the pre-
conditions for factor price equalization exist within the domestic
economy. This may be achieved fairly easily by following the procedure
adopted by Minhasl which simply amounts to determining whether the strong
factor intensity assumption--the optimal ratio of capital to labour in any
given industry is always greater or aiways less than in any other industry
regardless of the ratio of factor prices--holds in a C.E.S. world. In
effect, if an ordering of industtig§ according to their capital-labour
ratio is affected by changes in the factor price ratio little faith can
be placed in the assumption that inter-regional trade in commodities will
result in factor price equalization within the economy.
The basis for testing the st:.'cmg~ intensity hypothesis has been set
out in Chapter 11, pages ten to twelve. Reference to equation (1I-1-22)
" indicates that if the elasticities of substitution in a given set of
indust:ies are identical then the strong intensity assumi:it:l_on remains valid. _
If the elasticities differ the factor price equalization theorem is refuted.
The following econometric analysis examines the question of whether
or not.there are significant differences in elasticities of substitution
within a given region. Four regions are examined--Canada, the Atlantic
provinces, -Weéte:n Canada and Central Canada. The latter ﬁh:ee regions
are inc¢luded since infet-industzy differences in elasticities of sub-
stitution for the nation will be affected by the regional differences noted
in Chapter III. Reduction of the region to its basic sub-component sbquld
eliminate this objection.

13. §. Minhas, op. cit., Chapter iV.



The Bconometric Analysis
The Completely Unrestricted Model

Given a éituation in which there are j = 1, 2. ....J industries
located in r =-1,2....R regions with i = 1, 2....Nj observations on log
value added per ma;x hour (Y¥) and the log wage rate (X)--one can express
the rgqnisite dummy variable form of the ofdinazy least squares regression
model for the rth region as '

Y, = DA) + X;DA; + ¢ (1v-1)
R
where i = 1, 2....N, N=£% N D is a (1xJ) vector of dummy variable

g=1 3
D = [Dy--Dy~~D;} with D=1 and D, ='1 for all observations in the kth

industry and D = 0 for cbservations in other industries.

a] is a column vector of intercept coefficients where
A= ?2 - @y is the intercept for the base industry and
ag , cz-f-JcJ are differential intercepts for the
Jxl remaining industries,
%341 where ag,; is the slope coefficient for the base region
|%I+2]
“z' =1 and Gy42""""Gy are differential slope coefficients for
827 the remaining industries. '
Jxl

There are R models of'this type.



The Fully Restricted Model

The fully restricted model is expressed by:

Yy =a +BX; + u; (1v-2)
where i = 1-==N

THE EMPIRICAL RESULTS

Ihﬁer-lndustgz Results fpr Four Regions of Canada

The fesults of the tests for the homogeneity of the differential
slope and intercept coefficients in four regions of Canada are set out in
Tebie IV-1. Each region exhibits highly signi;‘.icant inter-industry
differences at the one percent level'.

Given these :esults it is necessary to determine whether the subset
" of differential slope (elasticity) coefficients are significantly d:.fferent
from zero. The testsl of the requisite hull hypothesis for each region are
set out in Table IV-2. It is evident that there are 'significant ixitez- _
industry differences in the elasticity of factor substitution in all regions

‘though the evidence is weaker for Westeru Canada compared to the other three

. :egions (five pereent vis-a-vis a one. percent level of significance) .

lthe *F* test ‘is given by J. Johnson.

P . 53/ (pk-p~k+1)
83/ (N-pk)

vhere p -is the number of industries;
k -is the number of explanatory variables (excluding dumy) :

N -is the total number of cbservations;

3-13 the increment in the residual sum of squares obtained by subtracting

§ =the residual sum of squares for the full dummy variable regression from

 Sg-the residual sum of squares for the partially restricted regression

Je 'U:tgx:sfgg, Econcometric Methods, 2nd edition, (New York: McGraw-Hill, 1972),
PP- “*3Te '
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TABLE IV-2.--Joint Tests of Significance (Differential Slopes) for
Inter-Industry Effects in Four Regions of Canada

Degrees of Freedom

Region “!"' Value Significance
‘ , ~ Level
Numerator Denominator 1s
Atlantic Provinces 5.04 ? 14 R -
Central Canada 7.57 16 537
Western Canada 1.67 16 496- AS
Canada 4.41 16 1224 R

*Reject the null hypothesis at the five percent level.
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It is an intéresting exercise to attempt to identify the various
industries in each region which exhibit significant differences in the
elasticity of sﬁbstif.ution. This implies that attenticn. must be paid to the
full (completely‘.mrestricted) regfession results and the "t~ wvalues for
the individual dummy slope coefficients. (@fe: to the specification set
out in (IV-1). )
| Tables IV-3 and 1v-4 pro;ride the requisite information for Canada
a8 a vhole. Nine industries are significant at the one percent level,
eleven industries at the five percent level and twelve industries at the ten
ﬁereent level.. Five indust::‘les--neather, Paper and Allied, Primary Metals,
Non-Metallic Mineral Products and the Petroleum and Coal Pfoaucts-have
ela‘k_ticitiesl of substitution which are not signifi_c;;mtly different from the
Food and Beverage industry (approximately 1.6). This result is inter-
esting since it suggests that there is an 1mpoztapt sub-group of Mdus&iés
in tihe_ Canadian economy in which commodity price equalization could poten=-
tially lead to factor price equalization though it should be noted that
this comment is highly speculative since it is not at all clear that one
can meaningfully separate portions of the economy on this basis.

' It should also be noted that generally speaking the output of
these six industries has a high raw material content. It would be useful
to estimatq_ a specific form of the production function for each industry
which included natural resources as well as capital and labour as factors
of production.

The results for the three sub-regions of Canada are set out in

Tables IV-5 to IV-10 inclusive. In the Atlantic Provinces only the Food
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and Beverage industries and the Non-Metallic Mineral Products industries
have s;milar elasticities at the five percent level while in Cential
Canada thg PFood and Beverage, Printing;Pubiishing and Allied and Non-
Meté}lic Mineral Products industries‘sﬁare a cbmmon vaiue at the same level
of significance. 1In wéstern‘Canada eight industries share a common elast-
icity at the five percent level with the Food and Beverage ihdustry.

(Refer to Tables IV-9 and Ivhio;) The élasticity of substitution for this -
group i# considerably higher than fo: thé remaining nine industries. (It
should be noted that this comment holds for the 6ther regions with the
exception of the Printing, Publishing and Allied industry in Canada.) The
‘reason for this differential is not cléar. The general observation that
the high elasticity industries seem to have a high raw material component
holds reasonably well for the natioﬁ as a whole and is supported somewhat -
by the results noted in the Maritimes and Central Canada; however, in
Western Canada the Textile, Clothing, Electrical Products and Transport-
ation Equipment is included with the Pulp and Paper and Leather industrieés.
It is evident that a detailed analysis must bg undertaken before any

conclusions can be drawn.

The Over-all Significance of the Pindings

The results of the investigation into the question of whether the

pre-condition for factor price equalization in inter-regional trade exists
within the nation and three of its sub-regions strongly suggests that

factor reversals are the rule rather than the exception. This result

e e
Y

quite different capital-labour mixes within industries located in a given
region and among various segments of a given industry located in certain

regions. In effect, the same relative increase in the price of labour
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| relative to capital will lead to a greater degree of substitution of
capital for labour in various industries which can eventually lead to the
svitching of a given industry from a relatively labour intensive to a .
relatively capital intensive industry ‘As noted in Chaptez II (pages ten
to twelve) the question of whether this reversal will occur is reduced to_
detemining whether the critical 'factor price ratio falls within the set

of observable prices. This ratio cannot be determined givenv our data
problems.

It is clear that the results in this ¢hapter must be interpreted
with a great deal of caution since absolutely nothing has been said about
technological change or economic growth. ‘E‘urthemore, the estimates of the
elasticities of substitution have been obtained without direct recourse
being made to capital stock data. In addition, it is not at all clear that
- two or three digit levels of industrial activity are the appzopriate, vehicles
to use in testing a theory. which is defined in terms of specific identif'iable.‘

commodities and factors.



CHAPTER V
CONCLUSIONS AND OBSERVATIONS

‘The following conclusions may be drawn from this study:

CONCLUSIONS

| First, slight variations in time periods do not create any
significant differences in estimatgs of the elasticities of factor sub-
stitution and the efficiency of labour use in Canadian manufacturing
industries. This conclusion is suppnt'ted bir .Zargntbka!sl comparison of
- elagticities in two digit manufacturing industries in the United States
beti;eén 2.1957 and 1958. Both of these results disagree with Neriove's
conclusion that drastically different estimates of cross-sectional
" elasticities are obtained Sy siight changes in the time period.?

Secondly, there are significant inter-regional differences in the
elasticity of substitution and/or the efficiency of labour use within certain
two digit manufacturing industries. This partially confirms the Economic
Council’s conclusion that regional income disparities in Canada are caused
by regicnal differences in industrial prodnctivity.3 AIn particular, the
Couu,cii's observations on the existence of substantial differences in earned

ine_aup per employed person in aggregate manufacturing in the Atlantic

} zarembka, op. cit.

%pid.

3‘1'owards Sustained and Balanced Growth, Second Annual Review,

Economic Council of Canada, (Ottawa: Queen's Printer, 1965), p. 124.

.wz-
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Provinces vis-a-vis Central and Western Canada are weakly supported by
evidence indicating that there are significant differences in érod\iction
functions for various two diqi.f: manufacturing industries located in these
regions. A inoie lj.mited comparison of a set of Western and Central ‘Canadian
mﬁfacturing industries indicated that these two regions tended to have
common production functions for the majo:ity of industries that were
considered.

The reason for the 'difference in aggregate production functions
was not satisfactorily resolved. This state of affairs partly stems from
the lack of capital data; however, a more fundamental problem was
eneou;ered--it appears that substantial differences in industry and/or
product mixes in various regions are assogiated.with significant inter-
regional differences in the aggregative functions. This cbservation suggests

" that differences in aggregate prqduc':tion functions simply stem from a ‘
different weighting of micro-economic functioms. It is evident that this
question must be resolved before any attempt is made to formulate rational
regiéﬁal development policies.

Thirdly, a number of two digit industries have common elasticities
of substitution. A unitary value for the elasticity cannot be rejected at
a one percent level of significance; therefore, the selection of a Cobb~'
Douglas form of the production function seems to be appropriate for most
estimation purposes. This conclusion is supported by Zarembka and
Chernicoff's study of United States manufacturing industries in 1963}

" (Table III=3-4) and is within the range of estimates provided in the set

of cross-sectional studies noted in Table II-2-1.

1p. zarembka and H. B. Chernicoff, op. cit., p. 106-110.
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Fourthly, if the assmptif:n .is made that the existence of
*“uncommon” or "nqn-identical“ aggregate production functions reflect similar
differences in the underlying micro-economic relationships then it follows
that the Ricardian exﬁ]_.anati.on of inter-regional trade--different costs of
production attributable to the fact that identical inmputs of factors yield
different outputs of the same commodity in different regions--has equal
standing with the Heckscher-Ohlin theorem in explaining the direction of
factor and commodity movements in the manufacturing segment of the Canadian
economy.

Fifthly, significant inter-industry differences in the elasticities
of substitution ensure that the basic ﬁée-condition for ensuring that free
inter-regional trade in commodities will ‘equalize factor prices is vitiated.

This result occurred in each of the four regions that were examined.

obsemtions

It is clear that the lack of regional capital stock data has
greatly hampered the scope of this study. This problem should be rectified
at the earliest possible opportunity since it is becoming increasingly
evident that the sound formulation of regional economic policy is becoming
moze and more of an issue in the Canadian federation. The study has
suggested that certain national economic policies which impact relative
factor prices will have a uniform effeci'; on alll regions for a limited
number of industries; however, in other cases there are sharp div;ergencies
which will lead to diametrically opposite effects in certain regional
‘economies. Clearly, decisions which are Eei;ted to formulating national
and provincial economic priorities cannot be taken in ignorance of the

explicit trade-offs that are involved.
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The severe limitations imposed on this study have been noted on
numerous occasions. It is worth noting that once a number of alternative
production function specifications have been tried theie is a strong
possibility that more tangible economic problems can be examined. Any of
the tentative policy suggestions that have been made should be viewed with’
the 'appropriate' degree of suspiciéon that is reserved for a preliminary
investigation of this nature.

In conclusion this study is only one of a large number of in-
vestigations that need to be carried out in the field of regional economics '
in Canada; however, it is important to stress the fact that the‘ attempt to
formulate relatively simple models which can be used to examine regional
economic growth problems rests on the determination of the specific form of
the underlying aggregate production relationships. It is suggested that the
high priority assigned to the promotion of high and balanced. rates of region-
al economic growth in the Canadian federation should result in the allocation
of substantial amounts of funds being directed. towards the p;f:ovision of basic
economic data and econometric research. This -has not occurred vin any mean-
ingful way within the Dominion as evidénced by the problems created in this
study by the lack of available regional capital stock data. ';‘he problem
of formulating viéble regional economic policies as well as simply trying
to obtain some degree of quantitativé understanding of basic regional

economic relationships is tied to the availability of basic data séries.

The problems created by the lack of reliable regional data are best summed

by Lord Kelvin's comment:

...When you can measure what you are speaking about, and express
it in numbers, you know something about it; when you cannot
measure it, when you cannot express it in numbers, your know-
ledge is of a meagre and unsatisfactory kind; it may be the
beginning of kncwledge; but you have scarcely, in your thoughts,
advanced to the stage of science...

1p. A. Samuelson and A. Scott, Economics, Second edition,
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