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ABSTRACT

A model is estimated for oligopolistic industries producing
multiple outputs in short-run equilibrium. Outputs are sold
domestically and exported, while capital is treated as a
quasi-fixed factor. The model is applied to the Canadian
nonelectrical machinery, electrical products and chemical
products industries.

The results show that there is significant oligopoly power
in each of the industries, and that the degree of this power
differs between the domestic and export markets.

Total factor preductivity is decomposed. Price-cost margins
exert little influence but the rate of technological change,
returns to scale and the rate of capital adjustment determine

productivity growth.

Address Correspondence To: Jeffrey I. Bernstein
Department of Economics
Carleton University
Ottawa, Canada
K15 5B6




1. IRTRODUCT 10K*

An important element relating to the conduct and performance of
Canadian industries is the degree by which price exceeds marginal cost. [t
is often claimed that there is a direct relationship between industrial
concentration and price-cost margins (see Scherer [1980] and Domovitz
et.al. [1984a]). Indeed, Canadian industries are often relatively more
concentrated than their counterparts in other industrialized countries (see
Green [1985]). However, Canadian industries are subjected to international
competition. In domestic markets Canadian producers compete against
foreign exports, while in foreign markets Canadian exports compete against
foreign producers. [nternational-conpetition can serve to mitigate
Canadian industrial price-cost differentisls.

The first purpose of this paper is to develop and estimate a model
of production end pricing of outputs scld on domestic and foreign markets.
A novel feature of the model is that exported products and products sold on
domestic markets are not assumed to have identical demand characteristics.
The products are not assumed to be perfect substitutes. As a consequence,
jt is possible to test whether domestic markets are relatively more or less
competitive that foi'eign markets. Tests are conducted to see whether
price-cost margins in the two markets ere different from zero and different
from each other. Due to the importance of exports out of total sales, the
nonelectrical machinery, electrical products and chemicatl products
industries were selected for analysis. In 1983 the ratio of exports to
sales for each of the industries was respectively; 58X, 25X and 21X%.

Diewert [1974] and Appelbaum [1979], within the context of
production theory, have shown how to model the simultaneous decisions on
outputs and inputs for monopolistic industries in long-run equilibrium.

This class of model has been empirically implemented by Appelbaum [1979]
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for the U.S. crude petroleum end natural gas industry and by Appelbaum and
Kohli [1979] for Canadisn manufacturing. More recently research has been
extended to production decisions in otigopolistic industries. Appelbaum
(19821, using a long-run equilibriun framework and Roberts [1984] applying
a short-run equilibrium model, where capital is treated as a fixed factor,
have estimated price-cost margins for U.S. industries.1 The importance of
the production theory approach is that both output end input decisions are
modelled. Price-cost margins in output markets affect both output and
input choices.

Price-cost margins in oligopeclistic industries depend on product
demand through the price etasticity and on firm interdependence through the
conjectural elasticity. In this paper the two sources of price-cost
differentials are estimated for both the domestic and foreign markets
supplied by Canadian firms. Tests are conducted to see whether price and
conjectural elasticities differ between domestic and foreign markets. This
is the first time that oligopoly power is tested for Canadien industries.

Unlike previous research in this area, one type of equilibrium is
not adopted as a maintained hypothesis. The second purpose of this paper
is to estimate the model for both short and long-run equilibria in order to
determine the appropriate specification for the Canadian industries.
Following Schankerman and Nadiri [1986] tests are performed with respect to
the equilibrium specification. Specifically capital is tested as to
whether or not it is a source of short-run fixed costs so that the expected
marginal benefit of capital does not equal its rental rate.

During the seventies and into the eighties Canadien industries

(tike their U.$. counterparts) have suffered from a slowdown in total

factor productivity (TFP) growth. Numerous explanations have been put
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forward for the productivity slowdown (for example see Jorgensen, Gollop
and Fraumeni [19881); a declining rate of technolegical change, en
increasing rate of factor price inflation (notably energy price increases),
decreases in the degree of returns to scale, and increases in adjustment
costs associated with capital expansion. Recently, Hall [1986] and
Domovitz et.al. [1986b] have found that price-cost margins have led to a
decline in U.S. industrial productivity growth. Their work was carried out
in the context of constant returns to scale and the ebsence of capital
adjustment costs. Much earlier in the Canadian context, Demnny, Fuss and
Waverman [1981) have shoun how price-cest differentials affect productivity
growth for telecommunications carriers in long-run equilibrium. The third
ocbjective of this paper is to trace the sources of the decline in
productivity growth for the Canadian industries. TFP growth is decomposed
inte four components; the traditional technological and scale parts and
components relating to price-cost margins and capital edjustment costs.
The paper is organized into a number of sections. In the npext
section the model of cligopolistic pricing and production is developed.
Section 3 contains a description of the data, and the estimation results
and hypothesis tests on price-cost margins and equilibrium specification.
In section 4 TFP growth is measured and decomposed into its four sources.

Lastly there is a summary of the paper.
2. THE_MODEL
The variable cost function for each of the F firms can be written

as

<)) ¥l = iy, u,khy i=1,...,F
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where ¢

is variable cost, y is a vector of £ output quantities, w > 0 is a
vector of n exogenous variable factor prices, K is a vector of m quasi-
fixed factor quantities and the superscript j denotes the firm.2 The
varisble cost function €Y is twice continuously differentiable, nonnegative
for positive variable factor prices, and for nonnegative outputs, the
function is nondecreasing in variable factor prices and output, homogenous
of degree one and concave in the variable factor prices.3 All firms in the
industry face the same variable factor prices.

By Shephard's Lemma (see Diewert [1974]) the firm equilibrium
conditions forlthe variable factors can be obtained from the firm's

variable cost function,

(2) sl = aunc¥d J =1, ,F
nW

where si = uiVQICVj is the ith variable factor cost share, sl =
(si,...,sg), vi is the ith variable factor demand and the right side of ¢2)
is the vector of variable factor price elasticities of variable cost.
Equation set (2) shows that in equilibrium variable cost shares are equated

to price elasticities of variable cost.

Product market equilibrium is determined from

{3) ma§ Z&Di(Iﬁy{,zi)yi - cVJ(yJ,u,KJ) i=1, ... ,F
(r")

where pj = Dj(yj,zj), pj is the ith product price, y; = Igy{ is the
industry ith output quantity, z; is a vector of exogenous variebles which

affect the ith product demand, D; is the ith product inverse product demand
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function which is twice continuously differentiable, nonnegative for
positive output quantity end nonincreasing in output quantity. Each of the
¢ products are homogenous across firms. Thus, each product price depends

oh the industry's output.

The product market equilibrium conditions are given by

W shagr e =ane e,k

alnyj

where S)J;i = piy,j/cvj is the ith revenue to cost ratio, s,’, = (53,1,...,5,?,‘_).
l¢ is the £ dimensional identity matrix, CJ is en ¢ dimensional diagonal
matrix and the ith element is ’iI‘i where 0{ = alnyi/alny{ is the jth
firm's ith conjectural elasticity, ¢; = [(Boilayﬁ)(yilpi)]'1 is the price
elasticity of the ith product demand. The right side of (4) is the vector
of output elasticities of variable cost or the vector of variable cost
flexibilities (see Jorgenson [1986]). In product market equilibrium
reverue cost ratios are proportional to cost flexibilities,

The jth firm's degree of oligopoly power is given by the negative
of the parameter matrix @j in equation set (4). Clearly there are ¢
different degrees of oligopoly power for each firm in the industry, since
there are ¢ different product markets. I[f the industry is purely
competitive in the ith product market then #3=0 for all j=1,...,F. There
is no oligopoly power pertaining to product i and in equilibrium the
revenue cost ratio equals the variable cost flexibility. If the industry
is purely monopolistic in producing i then j=1, a{=1 and the degree of
oligopoly (or rather monopoly) power is given by the negative of the
inverse of the price elasticity for product i. Moreover by the

nonnegativity of marginal costs, the positive product prices and since
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product prices exceed their respective marginal revenues then from (4),
05 -076;51 for all i=1,...,n and j=1,...,F. For each firm end product,
the degree of oligopoly power lies between zero and one.

Following Cowling and Waterson [1976] Appelbaum [1982] and Roberts
(1984] from the single product case, the industry's degree of oligopoly

power for product i is
(5) LR = g;s{c-0{repd i=1,...,L.

where s{=yl/S;y]l. The industry's degree of oligopoly power for product i
is a weighted average of the firms' oligopoly power, where the weights are
the ratio of firm to industry output for the ith product.l’ Notice if the
conjectural elasticity for product i is the same for all firms so that
0l=6; i=1,..., F then LB=-g;/c; since X;si=1.

The equilibrium conditions given by equation set (2) and (4) for
each firm define a short-run equilibrium. Variable factor cost shares and
revenue cost ratios are conditioned on the m quasi-fixed factors. In order
for each firm and thereby the industry to be in long-run equilibrium, the
quasi-fixed factor demands must be chosen by each firm. The conditions
governing these decisions are (see Bernstein [198%] and Schankerman and

Nadiri [1986]).

atrd

where séi = |-.|k;lt.’.‘,il~:"‘rj i=1,...,m, s£=(s£1,...,s&m) and w; is the ith
quasi-fixed factor price. Equation set (&) states that the percentage

reduction in variable cost due to the expansion of the ith quasi-fixed
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factor equals the ratio of capital cost to varieble cost. The long-run
equilibrium corditions are given by equation set (2), (4) and (6). Thus
long-run equilibrium is a special case or is nested by the short-run
equilibriun. 1In this paper the model will be estimated for both
equilibrium conditions and tests carried out to see whether each industry
is in short or long-run equilibrium.

In principle it is possible to estimate the short-run equilibrium
equation set (2) and (&) or long-run equilibrium equation set (2), (4) and
(6 for each firm in an industry. If firm level time series data existed
for variable factor, quasi-fixed factor and output quantities and a
variable cost functional form assumed for each firm then the models could
be estimated. 1t is often very difficult to obtein a relatively long time
series date set at the firm Level. As an alternative the model can be
implemented at the industry level. 1n order to undertake this task, the
aggregation problem must be confronted. There are tuwo approaches to the
aggregation problem. In the first apprecach a functional form for the
variable cost function is assumed for each firm such that en industry
variable cost function can be derived which only depends on industry
variables (see Blackorby, Primont and Russell [19781). I[n this approach
the admissible firm variable cost fuctions must be separable in outputs
and capital. From the estimation results, separability is rejected for the
three industries. Hence an alternative approach is used in this paper.

The second approach to the aggregation problem and the one adopted
in this paper is to fix the distribution within the industry of firm
specific variables. This assumption permits the construction of an
industry varieble cost function which only depends on industry variables

(see Diewert [19771). Thus it is assumed that y{. = p{.yi, u{ 20 for
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i=1,...,8 and Ejud = 1; k{ = @fKy, #f 20 for ke1,...,m and ;¢ = 1.
Notice that the proportionality between firm and industry variables can
vary ecross firms.
The industry varisble cost function is assumed to be translog (see
Jorgenson [1986] for the details underlying the transtog function used in

production analysis) and it is written as

(7Y INCCY/tpe) = By + Fouq Bilnyje + Bylnwy + BylnK, + Byt
+.5 [I$=1Bii (lnyit)z + va(lnuk)z + Bkk(antlz
+ 844t%1 + Byalnyyptnyy + % 1Biy (nyyelnug
+ 2f=19i|<l'1viv:l“'<t + FoBiglnyiet + Byk L LKy

+ thlfll.ltt + Bktlmtt + uct

where the parameters are B, = Iﬁﬂi, Bj = Iﬁ(ﬂ? + Iiﬁ{clnpi + ﬁ{kln¢j).
i=1,2, 8y = 5j8) + Tplytnad + liingy, By = 508 + Hialytnud +pfitngd),
Be = 58l + mialetnd « gl ingD, 8yp = miBly 1,051,2,v,k,t, where 4!
represent firm specific parameters. In specifying the industry variable
cost function, it is assumed that there are t=1,..., T time periods, two
variable factors, labour and materials, where wp and W, are the respective
prices with w = Mp/vq; there are two outputs, one sold on domestic markets
{y1) and one sold on foreign markets (y2), there is a single quasi-fixed
factor which is capital (K), a time trend representing the industry

5 Motice that

indicator of technology (t), and u. is the random error term.
each of the two outputs can enter into the cost function because, even if
they are physically alike, varisble cost includes non-advertising marketing

costs (e.g. cost of sales personnel) which can differ among the outputs.

Tests will be conducted to see if the outputs do in fact generate distinct




effects on variable cost.-6

The random error term (u..) appears in the cost function because
at any point in time the industry variable cost is defined as the sum of
all firm variable costs in the industry. However, industry data is not
obtained by summing over all firm data. Observations for the industry
variables are constructed from a rendom sample of firms from data on the
production of commodities. Thus the error corresponds to unobservable
errors of measurement in the observations that underlay industr‘y.variable
cost.

The inverse product demand functions are
@) Wy = ocq * Eilnyge * Hlnzgg + Uiy 1512

where oc, £ and the vector ¢ define the parameters and Upt = (up1t- “p2t>
are the random disturbances arising from price measurement errors for each

of the pr't:vclucts.7

The parameter £; = 1/e; is the inverse price elasticity
of the ith product demand.

The industry eq.lilibriuu conditions (given by the aggregation of
(2), (4) and (6)) cen be written using the industry variable cost function

and the inverse product demand functions. For the labour input,

(9 Sut = By * Byylnug + Toq Biylnyge + Bydnke + Bygt + Uy

where s, is the aggregate share of labour cost to variable cost and u,, is
the measurement error arising from the fact that the aggregate cost share

is not the sum of all the firm labour cost shares. The aggregate material

cost share is not independent of the aggregate tabour share since the sum
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of the two variable factor cost shares equals unity. Thus the aggregate
material share can be treated as a residual in specifying the equilibrium
conditions.

Next for the two products

(10 syje(1 + 6545) = B; + .1 Biglnyey + Bjylmug + BjplnKy + Byt

+ int i=1,2

where syy = (8y4y, Sy2¢) is the vector of aggregate revenue to variable
cost ratios for both products, and Uyy = (“y1tv”y2t) is the vector of
disturbances due to the measurement errors arising from the aggregate
revenue to variable cost ratios. In deriving equation set (10), it was
assumed that each firm had the same conjectural elasticity for the same
product in equilibrium, Thus in aggregating the equilibrium conditions
given by (4), 6] = 6% = ¢; for j #%, j, k=1,...,Fand i = 1,2. The
conjectural elasticities are perameters to be estimated, in equilibrium

they do not vary across firms but they do vary across products.8

Lastly, for the capital input

(11 Sgp = ~ (B + Byplnke + ﬁleiklnyit + B lnug + By tl + Uy

where sp . is the aggregate capital cost to variable cost ratio and uy, is
the disturbance due to the measurement error associated with aggregate
capital cost to variable cost.

There are two models to be estimated. The first model consists of

the aggregate or industry short-run equilibrium conditions, variable cost

function and inverse product demand functions. The equations are (7), (8),
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(9) and (10) and the endogenous varisbles are variable cost, tWwo product
prices, two output quantities and the labour cost share.? The second modet
to be estimated relates to the long-run equilibrium. This model contains
the equations and endogenous variables of the previous model along with

equation (11} and the capital input as an additional endogenous variable. 10

3. ESTIMATION RESULTS

The data used in the paper consist of time series of industry
variables relating to the nonelectrical machinery (SIC 31), electrical
product (SIC 33) end chemical products (SIC 37) industries. The variables
were obtained from public domain sources for the period 1962 to 1983.

Gross output and intermediate input (or material input) were
obtained from the input-output tables at the M-level of aggregation for the
Canadian economy (Statistics Canada 15-201, 15-202, 15-508 and 15-509).
Gross output at current and constant (1971} dollars producers' value is
measured as value added at factor cost plus materials. Material input at
current and constant dollars purchase value is defined as total production
minus value added at market price minus non-competing and unallocated
inputs. The prices of gross output and material input are implicit and the
quantities are taken as 1971 do[lar'magnitudes.

Gross output quantity is divided into two components; one sold
domestically and one sold in foreign markets. Exports in current and
constant dollars were taken from the input-output tables (re-exports are
excluded). Exports are valued at the producers' value and hence do not
include trade and transportation costs. The export quantities are 1971
dollar magnitudes and the prices are implicit. In order to arrive at

outputs sold in the domestic market, export quantities are subtracted from
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gross output quantities. In order to obtain the price of output sold
domestically the current dollar value of exports was subtracted from the
current dollar value of gross output and this difference was divided by the
domestically sold output quantity.

The data for labour input quantity and price were cbtained from
data on the number of employees, number of hours paid and wages and
salaries (Statistics Canada 31-203). Total employees include production
and related workers and nonmanufacturing employees. Total number of hours
worked is obtained from total number of hours paid multiplied by 50/52.
Hours paid represent hours worked and paid vacations. It is assumed that
the work year is 50 weeks and not 52 weeks. In addition, hours paid only
refer to production and related workers. In order to get hours worked for
nonproduction employees, hours worked per production employee is calculated
and assumed to be the same for nonproduction workers. Next the hour worked
per employee is multiplied by the number of nonproduction employees., The
number of hours worked for production and nonproduction workers is summed
to obtain the labour input quantity.

The labour cost is taken to be the wages and salaries multiplied
by one plus the ratio of supplementary labour income from the input-output
tables to the wages and salaries from the input-output tables. Thus wages
and salaries are supplemented by labour expenses which pertain to
employers' contribution to pension funds, employee welfare funds,
unemployment insurance and workmen's compensation. The labour input price
is defined as the labour cost divided by the total number of hours
uorked.11

Data on the capital input are taken from capital stock figures

(Statistics Canada 13-568). The capital input quantity is taken as the
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1971 dollar net of depreciation capital stock. This stock is constructed
by the perpetual inventory method. The rental rate on capital is defined

by the formula

Wkt = Piele + 8) (1 = wp © Ueezed /(T - ugy)

where pp is the implicit pfice index on capital stock, p is the nominal
rate of return on capital measured as the average interest rate on long
term government bonds, § is the depreciation rate which was obtained by
dividing the capital cost allowance of the current year by the real net
capital stock at the end of the previous year and then the ratio was
averaged over the sample, v is the effective investment tax credit which
was computed as the tax credits claimed in the current year divided by
investment expenditures in the same year, t. is the effective corporate
income tax rate which was measured as federal and provincial income taxes
payable divided by corporate taxable income, z is the present value of
capital cost allowances associated with a dollar's worth of n:apital.‘Iz
The exogenous variables which enter the inverse product demand
function for domestically sold output are the gross national product (taken
from Statistics Canada 13-201) and the industrial product price index for
all marufacturing industries (Statistics Canada 62-543 and 62-011). Since
over 65X of the exports from chemical products and electrical products and
over 75X from nonelectrical machinery are sold to the U.S., it is assumed

that U.S. demand governs the demand for Canadian exports.13

The exogenous
variables entering the inverse product demand function for exports are the

U.S. gross national product and the total producer price index for

industrial commodities (from the U.S. Department of Commerce publication).
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In addition, to convert the Canadian price of exports to the U.S. price the
average annual market exchange rate between the U.S. and Canadian dollar
{(from the International Monetary Fund publication) was used in the inverse
demand function. Table 1 shows the data for some years in the sample.

The error terms in eguation set (7), (8), (9) and (10} were
assumed to have zero expected values, positive definite, constant,
contemporaneous covariance matrix and be normaliy distributed. The
equation set was estimated as a complete system using the full information

maximum likelihood estimator.14

The equation system was nonlinear in the
paremeters and nonlinear in the endogencus variables. The nonlinearity in
the parameters occurred because of the integration of the inverse product
demand functions (equation set (8)) and the profit maximizing conditions
for the products (equation set (10)). These two sets of equations were
also the source of the nonlinearity in the endogenous variables. The
system of equations was estimated as an implicit system because

of the nonlinearity in the endogenous variables.

First the short-run equilibrium conditions along with the variable
cost and inverse product demand equations ((7), (8), (9) and (10)) were
estimated. The estimated system of equations must satisfy five
integrability conditions (see Jorgenson[1986]1). Output supply and variable
factor cost share equations must be homogenous of degree zero in variable
factor prices. This condition has been imposed since only the relative
variable factor price enters the equations. Next the variable cost share
equations must sum to unity. This condition has been imposed since the
material cost share equation was treated as one minus the estimated labour

cost share (the material share equation is not estimated). Third the

-matrix of variable factor price elasticities of the variable factor cost
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shares must be symmetric. Since the cost shares are homogenous of degree
zero in varisble factor prices and there are only two variable factors,
then this third condition has been imposed on the estimating system,
Fourth, varisble cost, variable fector cost share, product prices, product
quantities and variable profit must be nonnegative. This condition was
satisfied at each point in the sample by the estimation results.

The last integrability condition is that the variable cost
function must be concave in the variable factor prices and variable profit
must be concave in the output quantities. [nitial estimates showed that
the concavity conditions were not satisfied. Two reasons accounted for
this failure; some parameters had the wrong sign and a structural shift or
break in the industry outputs and capital input data occurred in the mid
1970's. In order to overcome these problems, certain parameters were
restricted to be zero and dumny variables were introduced. The structural
shift in industry outputs and capital stock could arise from a change in
the distribution of firm outputs and capital within the industry. Recall
that the industry variable cost function was consistent with the
proporticnality between firm and industry outputs and cepital input. The
proportions could differ between firms and between variables but were
constant over time. To model the structural shift associated with the
change in the firm distribution, dummy varisbles were introduced such that
vl = ulctsdiy; i =1, 2 and J = gJ(1d>K where d is the dummy variable
which is zero before 1977 and unity from 1977 onwards. With the dumy
variable, the industry output and capital input variables were redefined in
the estimating equations as ¥;{1+d) and K(1+d).15 The estimates fdund in
Table Z resulting from the parameter and variable transformations were

consistent with all of the integrability cor-.ditic»ns.“5
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The equation set wWas tested for autocorrelation. [t was found
that for each industry there was first order autocorrelation for the two
inverse product demand functions. These equations were corrected for
autocorrelation within the estimation of the system of egquations. The
parsmeter estimates presented in Table 2 generated equations whose
residuals did not have any significant autocorrelation.

The results found in Teble 2 show that the conjectural
elasticities for the nonelectrical machinery industry operating in the
domestic and foreign product markets were 0.63 and 0.91 respectively. The
standard errors of these two parameters point out that each conjectural
elasticity was different from zero. In addition, s test was conducted to
see if these two elasticities were equal. The model was estimated with 44
= 63, the chi-square statistic between the two estimation results was
145.318 which was greater than x 505'1 = 7.879. Thus the equality of the
two conjectural elasticities for the nonelectrical machinery was rejected.

The inverse product demand elasticities for the domestic and
foreign markets faced by the nonelectrical machinery industry found in

Table 2 was -0.73 and -0.44 respectively Thus the degree of oligopoly

power for the nonelectrical industry in the domestic market was 0.47 (-
6i/e; = - 8;£;) and in the foreign market the degree was 0.39. There was
shout a 20X differential in the degree of oligopoly power or in other words
in the markups between the domestic and foreign markets. To see if the
markups were equal the model was reestimated with -#§¢ = -82£5. The chi-
square statistic between the two estimation results was 12.194. Thus the
equality of the two markups for the nonelectrical machinery industry was

rejected.

From Table 2, the conjectural elasticities in the domestic and
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foreign markets for the electrical products industry was 0.23 and 0.15
respectively. The test to see whether or not ¢4 = # resulted in a chi-
square statistic of 8.574 which was slightly greater than the x %05.1 =
7.879. Thus the conjectural elasticities for the electrical products
industry were different from each other and each was different from zero.

The degree of oligopoly power or the price-cost differential in
bdih the domestic end foreign markets for the electricel products industry
was 0.32. In the estimation results presented in Table 2 the markups were
constrained to be equal (-09€q = -02£5). The chi-square statistic which
resulted from the model being estimated with and without the equality of
the markups was 1.334. Thus it was not possible to reject that price-cost
differentials in the domestic and foreign markets were equal for the
electrical products industry.

Turning to the chemical products industry, it was found that the
conjectural elasticity relating to the foreign market was not different
from zero. Thus Canadian producers in the chemical products industry were
price-takers in the foreign market.r However, the conjectural elasticity in
the domestic market was 0.21. Combining this elasticity with the inverse
product demand elasticity of -0.79 for the domestic market generates a
markup of 0.17 for the chemical products industry.

Abpelbaum [1982] found that for the U.S. electrical products
industry the cohjectural elasticity was on average about 0.20 and the
degree of oligopoly power was also about 0.20. These results are similar
to those cbtained for the Canadian electrical products industry operating
in both domestic and foreign markets. Hall (19881 and Domovitz, Hubbard

and Peterson [1986b) not using an oligopolistic production approach found

for the U.S. chemical products industry that the price-cost differential
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was more than twice the estimate found in this paper for the domestic
market supplied by Canadian producers. For the U.S. nonelectrical
machinery and electrical products, Domovitz, Hubbard and Peterson [1986b]
found markups which were twice the magnitudes estimated in this paper for
Canadian producers in both domestic and foreign markets, while Hall's
(19861 U.S. estimates were two-thirds of the estimates for Canadian firms.
Lastly, Appelbaum and Kohli {19791 estimated the price-cost differential
for Canadian manufacturing exports. They estimated that the markup was
130X at the mean of the sample. Thus they concluded that Canadian firms
were not price-takers in export markets. The estimates in this paper show
that there was industry variation as to whether or not firms in export
markets were price-takers. Indeed, producers in the nonelectrical -
machinery and electrical products industries did exert oligopoly power in
their foreign markets.

The estimation results in this paper were obtained within a short-
run equilibrium framework. However, most of the models used to determine
price-cost differentials postuléte that producers are in long-run
equilibrium. In this paper the equitibrium specification of production is
tested. The test follows the one outlined in Schankerman and Nadiri
[1986].17 Let By be the parameter vector for the equation set (7) - (10).
Let By be the parameter vector from equation (11). Now partition the

parameter vector Bg so that Bg = (B;, Bg), B; consists of parameters that

appear in equations (7) - (10) but not in (11) and Bg consists of the
remaining parameters. Thus estimating the long-run equilibrium
specification of the model (that is equations (7) - (11)) imposes the
restriction that Bg = B, while the short-run equilibrium specification

does not impose any restrictions on Bg.
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The test statistic is M = (fg - Bg)' ‘?1(53 - as)zxg, where B¢ is
the consistent estimator of Bg from equations (7) - (10) and Es is the
consistent estimator of Bg from equations (7) - (11) (with the restriction

.Y
g = By), V is the consistent estimator of V = Vg - Vg where Vg is the

B
asymptotic covariance matrix of (B5 -~ B4) and Vg is the asymptotic
covarfiance matrix of (E - Bg). The M statistic is asymptotically
distributed as a chi-square distribution with q degrees of freedom, where q
is the number of parameters in By (that is in equation (11)), and
represents the number of parameter restrictions in the test. The value of
M for nonelectrical machinery was 161.173 and x 505‘3 = 12.838; for
electrical products M was 213.474 and x §g5,2 = 10.597; and lastly the
value of M for chemical products was 814.288 and x Jg5 1 = 7.879. Thus the
long-run equilibrium specification was rejected for each of the three
industries. Capital was a quasi-fixed factor so that its expected marginal
benefit was not equated to its factor price. This result implies that

producers in Canadian industries did not determine their capital decisions

in the same manner as those for labour and materials.

4. TOTAL FACTCR PRODUCTIVITY GROMTH

An important measure of industrial growth and thereby of dynamic
or innovative efficiency is the rate that output growth exceeds input
growth, The differential in these growth rates defines the rate of total
factor productivity (TFP) growth. In general TFP growth arises from
technological change and from increasing returns to scale. However, if
product prices are not equal to marginal costs and if marginal cost

reduction due to capital expansion is not equal to its rental rate then two

additional sources of profitability and thereby of TFP growth can occur.
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Denny, Fuss and Waverman {19811 have shown how TFP grc¢ °th is
related to the gap between price and marginal cost under long-run
equilibrium corditions. [In the present short-run equilibrium framework
applicable to the industries considered in this paper, TFP growth is
decomposed into technology, scale, margin and capital adjustment

components.

The definition of TFP growth is

(12) TFPG = Ej QJRIJ dcll.:lxj = I My d;nvi - I WKy dink

where total revenue is R = ZijpjY; and total cost.is c=c’+ ;k”kKk'
Recall that in the estimation model there are two outputs, two variable
factors and one quasi-fixed factor.18
In general with the variable cost function defined by the right
side of equation (1) end with the definition of variable cost as A

> A H then

(13) 0

[ -5 alnc’ i*E ulg, lnv
alnyj dt t

- 5 a nc’ dinky - dtnc"1/(1-% dtnc”y .
atnk, dt at alnky

By adding (13) to (12) and with further manipulation

(14)  TFPG = - dlnc’7(1-5 3lnc”)
t alnk

+ ((1- Py 1) 2 alnc diny: /Ia Blnc )
Mny‘I dt alny;
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+ I (RjYj j—dlny;
i v_!ny i
+ py [0 (Ky + Alnc") (Bunky dink, - dinky)/%; atnc"]
v Ok e dt dt tny;

+ (B (kg + lnc WE; alne") B wivi dlnvil,
Y 3lnkg Lry; c t

where py = (1 - B 8Inc"/alnk)/(E; alnc"/alny;) (See Caves et al (1981]
and Bernstein [1989]).

There are five terms on the right side of equation (14). These
terms point out the decomposition of TFP growth. The terms relate to;
technological change (-alncvlat5/(1-I}alncvlalnxk), returns to scale (py),
price-cost margins (pjyj/R - alncvlalnyj)/(Eﬁﬂlncvlalnyh)), and capital
adjustment (wKe/c¥ + Blnc'/alnK). If output grouth is pasitive, then,
for either a positive rate of technological change, increasing returns to
scale or product prices greater than marginal costs (With revenue equal ling
total cost) there is a positive rate of TFP growth. However, there are two
terms associated with the capital adjustment component. From the fourth
term on the right side of (14), for the kth capital input, if the cost
reduction exceeds the rental rate, with a positive growth rete of capital
that exeeds the weighted average of capital growth rates, then the rate of
growth of TFP is positive. There is also a capital adjustment term
associated with the variable factors. If the varisble factor growth rates
are positive while the capital growth rates are held constant then a cost
reduction exceeding the rental rate implies that there is insufficient
capital relative to the variable input quantities. In this case TFP growth
becomes negative. Thus the capital adjustment component generates effects

on TFP growth through capital growth and variable factor growth.
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In order to determine industrial TFP growth end its components,
the rate of technological change, the degree of returns to scale, the
price-cost margins and the capital sdjustment term must be computed for
each industry. The degree of returns to scale in short-run equilibrium is
measured as py = (1-6lncv/6an)l(!:%=1 Glncv/alnyi). Table 3 shous the
degree of returns to scale and its components for each industry. There ere
three components to returns to scale; the effect of capital on variable
cost and the effect of each output on variable cost.

In each industry, capital increases caused variable cost to
decline. From Table 3, in the nonelectrical machinery industry a 1%
increase in capital led to a 0.15X decrease in variable cost in 1983. The
effect was 50X greater in the electrical products industry compared to
nonelectrical machinery. In the chemical products industry the only
parameter associated with capital was B = -1.1806, which defined the
capital elasticity of variable cost.

The output elasticities of variable cost in Table 3 showed that at
the margin it was relatively more costly to produce output for domestic
markets than for export. Indeed, the export elasticity of variable cost
was only about 10X to 70X of the variable cost effect of domestic output.
This is an important result as the magnitudes of the cost flexibilities
showed that it paid for the industries to diversify to export markets.

This finding is further highlighted by considering the effect of increasing

one output on the cost flexibility of the other ocutput. The effect is

denoted by the value of the parameter By which was negative and
significant for each of the industries (see Table 2). Thus the percentage

increase in variable cost due to one output, declined as the other output

grew. In terms of cost flexibility, there were variable cost
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complementarities between domestic and export markets. A test was
conducted for each industry to see if the cost flexibilities for domestic
and foreign sold outputs were equal. This test involved three parameter
restrictions (By = By, Bqq = Bpp, B4z = 0) and the model was reestimated
with the restrictions. The chi-square statistic between the unrestricted
and restricted estimation was 95.174 for nonelectrical machinery, 201.744
for electrical products and 85.544 for chemical products. Since ;{2005‘3 =
12;838, the hypothesis that the cost flexibilities were equal was rejected.
Domestic and foreign sold outputs exerted differential effects on variable
cost and were complementary.

The degree of returns to scale is given in the last column of
Table 3. The estimation results showed that thgre were increasing returns
to scale for the electrical and chemical products industries, and consteant
returns to scale for the nonelectrical machinery industry. In 1983 returns
to scale was 0.97 for nonelectrical machinery, 1.32 for electrical products'
and 1.10 for chemical products. A test for constant returns to scale was
conducted. The test involved the restrictions By + B2 + B =1, T ¢ =18jj
* B+ Bjy =0 J=1,2 and E5qBj, + By + By = 0. Thus for the chemical
products industry there were three restrictions and for the other two
industries there were four restrictions (see Table 2). The chi-square
statistic arising from the estimation with and without the restrictions was
9.564 for nonelectrical machinery, 193.152 for electrical products and
40.144 for chemical products. Since xPggs, 4 = 14.860 and xPggs 3 = 12.838
then constant returns to scale was rejected for electrical and chemical
products and could not be rejected for nonelectrical machinery.

The rate of technological change is defined by

- (alncvfat}lﬂ-alncvlalnlc). The rates for each industry are shown in
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Table 4. There was virtually no technological change for the electrical
products industry, while the rate was around 1.6% for nonelectrical
machinery and 0.08X for chemical products. In addition, the positive rates
of technological change were quite constant over the sample period. In the
chemical products industry technological chenge was also labour reducing
and material using as the B, parameter (see Table 2) in the labour share
equation was negative and significantly different from zero.

The last component of TFP growth relates to capital adjustment.19‘
Capital adjustment is defined by (wiK/c¥ + 8lnc¥/8InK). Clearly if
producers are in long-run equilibrium then the capital adjustment component
is zero, as the percentage reduction in variable cost equals the ratio of
capital to variable cost. However, as shown in the previocus section, long-
run equilibrium was rejected, and thus the capital adjustment terms were
statistically different from zero. In Table 4 the capital adjustment term
for the nonelectrical machinery industry in 1983 was 0.10%, for a 1%
increase in the capital stock. This figure means that there was a net
positive benefit from increases in capital at the margin. The same result
was observed for electrical and chemical products. The net benefit
percentages for these two industries in 1983 was 0.14X and 0.99%, for a 1%
increase in their respective capital stocks. Thus for all three industries
in short-run equilibrium, the percentage reducticon in variable cost
exceeded the ratio of capital to variable cost.

TFP growth and its decomposition are given in Table 5. TFP growth
fell over the sample period. Each industry exhibited a slowdown in
productivity growth and, in fact, over’ the first part of the 1980's the
average annual rates of TFP growth for the industries were negative. The

rate of technological change was the major contributor to TFP growth in the
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nonelectrical machinery industry. Although from 1979 to 1983, price-cost
margins offset the rate of technological change and were s major element in
the slowdown of TFP growth for nonelectrical machinery. TFP growth in the
electrical products industry was governed by the returns to scale
component. Although in the period from 1979 to 1983, the capital
adjustment term was also a major element in the average annual growth rate
of TFP for the electrical products industry. Indeed the cspital adjustment
component offset, in part, the negative influence of returns to scale
during the latter part of the sample period. Next for chemical products,
returns to scale was the major component in the last half of the 1960's and
capital adjustment was the major component in the first half of the 1970's.
Since that time, both scale and capital adjustment terms have governed TFP
growth. However these two effects have worked in opposite directions over
the first half of the 1980's.

Thus the estimation results point out that price - cost margins
Were not major contributors to the growth rate of TFP and to its slowdown
in two of the three industries. Technological change contributed to TFP
growth and price-cost margins to its slowdown in the nonelectrical
machinery industry, while returns to scale and capital adjustment
contributed to productivity growth in electrical and chemical products.
These results differ from Hall [1980]1 and Domovitz, Hubbard and Peterson
[1986b] who found for the same industries operating in the U.S. that
markups had a positive and significant effect on TFP growth. Their models,
however, assumed constant returns to scale and long-run equilibriumn, Thus
they assumed away the elements which contributed to TFP growth in the

Canadian electrical products and chemica! products industries.
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5. SUMMARY

A model of sn oligopolistic industry producing multiple outputs in
short-run equilibrium was developed and estimated. There were two outputs;
one sold in the domestic market and the other exported. The model was
applied to three Canadian manufacturing industries who export a significant
portion of their output. It was estimated that there was significant
oligopoly power in the three industries. The results for nonelectrical
machinery showed that the price-cost margin for the domestic product was
47X while the exported product had a markup of 39%. The degree of
oligopoly power for the electrical products industry was 32X and this
markup was the same for products sold in domestic and foreign markets. The
export market for chemical products was competitive as Canadiﬁn producers
were price-tekers in this market. However, these producers did exhibit
oligopoly power in the domestic market with a price-cost margin of 17%.

Returns to scale, the rates of technological change and capital
adjustment were computed for each industry. These measures indicate
important production characteristics. 1n particular, they are components
of productivity growth and thereby can indicate the sources of the slowdown
in this growth rate. Returns to scale were increasing for electrical and
chemical products, with magnitudes of 1.3 and 1.1 respectively in 1983.
There were constant returns to scale for the nonelectrical machinery
industry. [n computing returns to scale, it was found that the cost
flexibilities between output sold in the domestic market and exports were
significantly different from each other. A 1X increase in exports led to a
much smaller rise in variable cost than & 1% increase in output sold
domestically. This result occurred for each industry. Hence it paid for

Canadian producers to diversify to export merkets. There were cost
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complement- arities between the two outputs.

The estimation results showed that the rate of technological
change for nonelectrical machinery was 1.6%, 0.8% for chemical products and
essentially zero percent for electrical products. However, the rates of
capital adjustment for each industry were significently different from
zero. This rate measures the extent to which producers are in short-run
equilibrium, and reflects the percentsge difference between the marginal
benefit (variable cost reduction) and marginal cost {rental rate) from a 1%
expansion in the capital stock., It was estimated that in 1983 the net
marginal benefit from a 1% increase in capital was 0.10% for nonelectrical
machinery, 0.14X for electrical products and 0.99% for chemical products.
Indeed tests were conducted and it was found that each industry was not in
long-run but rather in short-run equilibrium.

TFP growth was computed and decomposed for each industry. Over
the sample period there was a slowdown in the TFP growth rate. The
slowdown began in the mid 1970's and resulted in negative growth rates for
the thfee industries. TFP growth for nonelectrical machinery fell from an
average -annual rate of 2.1X over the period 1965-1970 to a rate of 0.05X%
over 1979-1983 period. For these same periods the TFP growth rate for
electrical products fell from 2.6X to -1.2%X and for chemical products the
rate went from 6.5% to -1,6%.

The decomposition of TFP growth rates determine the source of the
slowdown. It was found that, although price-cost margins were significant,
the differentials were generally not important influences on TFP growth in
each of the industries. In the nonelectrical machinery, the rate of

technological change was the major component of productivity growth, while

price-cost margins caused the slowdown. Returns to scale and capital
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adjustment were the main elements governing productivity growth and its

slowdown in the electricel and chemical products industries.
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FOOTNOTES

* The authors would like to thank asnonymous referees for
their very helpful comments on an earlier version of this paper. In
addition, thanks are extended to Erwin Diewert and Ernst Berndt for their
coments and suggestions.

1. The work of Iwata [1974], Gollocp and Roberts [1979]1 and Porter
£1983), although dealing with oligopolistic industries, focused solely on
output markets. Their research omitted the interaction between output and
input markets.

2. The quasi-fixed factors are fixed in the short-run and
variable in the long-run.

3. The variable cost function is derived from the problem

mirj]. w! subject to Tj(yj, v‘, KJ) = 0 where v is the vector
)

of variable factors and T is the transformation function.

4. The industry degree of oligopoly power for each product is a
Lerner index (see Cowling and Waterson [19761).

5. The proportionality parameters are assumed to be constant,
otherwise a complicated random parameter estimation problem arises.
However, the model is estimated for discrete changes in the proportionality
parameters by the use of dummy variables.

6. In the firm variable cost functions (equation (1)), a firm
specific technology indicator could have been introduced. Thus for
aggregation it would be necessary to assume that tj =t + iv’ where ¢J is
the difference among firms of technolegy indicators. Since the technology
indicator is an exogenous time trend, it was assumed that t‘I = tk itks=

1,..., F.
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7. More general logarithmic inverse product demand functions were
used in the estimation of the model, but they did not perform as well as
the linear logarithmic form given by equation (8).

8. [f the marginal cost for product i does not vary across firms
then as a consequence of a unique equilibrium 8{ = 8?.

9. Output quantities and product prices are endogencus so the
aggregate ratios of revenue to variable cost are defined in terms of their
components in the estimating equations.

10. The capital cost to variable cost ratio is written in terms
of its components in the estimating equations because the capital imput is
endogenous.

11. The labour input quantity and price are defined in terms of
the total activity concept as opposed to the manufacturing activity
concept. For example hours worked include labour used for merchandising
commodities for resale and for carrying out construction for own use.

12. The variable z wWas constructed for machinery and equipment (M
& £) and building and construction (B & C). For the period 1962-1981 which
was outside the half-year rule for claiming capital cost al lowances,

oy ol - w3/(d 't

Zn
Zp = xpll - ¥X(1 + p)/(p + xp}
where the subscript m relates to M & € and the subscript b relates to B &
C, o is the straightline capital cost allowance rate for M &E, L=y
is the tax life of M & E, o, is the declining balance capital cost
altowance rate for B8 & C. Notice that the investment tax credit reduces
the capital cost allowance. Inside the half-year rule, which pertains to

1982 and 1983,
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—1
I = xpld-p) + !t= 1 Empll-v} + oc(1-v
" 2 (1+p) 2¢1+p)

Zp = ocp(1-w) + (V-ocp )Xo p{l-v).
2 2 (procp)

13. Each of the remaining foreign markets had significantly
smal ler shares of Canadian exports relative to the U.S.

14. TSP version 4.0 was the statistical software that was used
for all the empirical results. The full information maximum likel{ihood
estimator was used in order to account for the fact that the equation
system was simultanecus and the error terms were correlated across
equations in any given time period. Also all the industry level parameters
in the equation system were identified.

15. An alternative way to incorporate the concavity conditions is
to impose parameter restrictions through a Cholesky factorization of the
relevant parameter matrix (see Jorgenson [1988)). These restrictions
result in a set of equations with a greater number of parameters, which are
nontinear in the parameters, and which have nonlinear parameter
restrictions within and between equations. A Cholesky factorization of the
parameter matrix was attempted for each industry's model. However, the
estimator faited to converge in each case. In addition this method does
not account for the structural change in the industry outputs and capital
input data,

16. There were B7 degrees of freedom for the nonelectrical
machinery industry short-run model and B8 degrees of freedom each for the
short-run models of electrical products and chemical products industries.

17. An alternative test proposed by Kulatilaka [1985] does not

lead to a single test statistic for all observations.



18. The definition of TEP growth is based on a divisia index (sece

37
Hulten (1973]).

|

\

19. The price-cost components of TFP growth were discussed in the

| previous section, when the degrees of oligopoly power were computed.
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