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Abstract

The purpose of this paper is to estimate a model incorporating non-competitive behaviour in
product and factor markets. In addition, capital accumitlation is subject to adjustment costs so that
firms are not constrained to be in long-run equilibrium.

The model is applied to two majot Canadian manufacturing industries; pulp and paper and
mill products. The results show for both industries in each of the three product markets and the wood
input market that there is competitive behaviour. In addition, the industries are not in iong-run
equilibrium as marginat adjustment costs cause marginal profit to exceed the rental rate on capital,

With the industries exhibiting short-run competitive behaviour in product and factor markets,
new estimates are derived for scale economies and rates of technologieal change. Unlike the results
from other studies, both industries exhibit small scale economies and positive rﬁtes of technological

change.
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1. Introduction®

Canadian industries tend to be more concentrated than similar industries in other countries
(see Green [1985)). This can result in prices exceeding marginal costs in product markets. In
addition, and especially for industries that use specific resource inputs, concentration can also result
in marginal revenue products exceeding prices in factor markets. The first purpose of this paper is
to develop and estimate a model incorporating non-competitive behaviour in product and factor
markets. The model is applied to the Canadian mill products and pulp and paper industries. These
two industries are resource-based and together constitute the largest Canadian manufacturing
industries (wood and paper and allied products account for 4.5% of shipments and 2.7% of
employment in 1987).

Bresnahan [1989] provides an excellent survey of the empirical approaches to analysing price-
cost differentials in product markets. The approach adopted in this paper is based on duality theory
outlined in the survey by Diewert [1982] for non-competitive behaviour in product and factor
markets. Most applications of this approach have focused on product price-cost differentials;
Appelbaum [1979] for the U.S. crude petroleum and natural gas industry, Appelbaum and Kohli
[1979] for Canadian manufacturing, Appelbaum [1982] for U.S. rubber, textiles, electrical and tobacco
industries, Roberts [1984] for U.S. coffee roasting firms, Morrison [1989] for U.S., Canadian and
Japanese manufacturing, and Bernstein and Mohnen [1991] for Canadian chemical, electrical and
nonelectrical machinery industries. The significance of the dual approach is that both product and
factor decisions are modelled. Thus although previous applications dealt with product price-cost
margins, these margins affect both product and factor choices. Furthermore, in the context of this
paper, since non-competitive behaviour is parameterized for product and factor markets, the dual
approach allows for revenue-factor price margins to affect both factor and product markets.

In previous studies of price-cost differentials production is assumed to occur in either short
or long-run equilibrium. However, there is a growing body of evidence suggesting that capital
accumulation is subject to adjustment costs (see Morrison and Berndt (1981], Epstein and Yatchew

[1985], Mohnen, Nadiri and Prucha [1986], Bernstein and Nadiri [1989]). Firms thatincur adjustment
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costs are unable to costlessly attain long-run equilibrium. Firms adjust toward the long run through
successive short-run equilibria. Indeed, at the margin, adjustment costs characterize the deviation
between short and long-run equilibrium. In this paper adjustment costs are an intrinsic part of firm
technology. Non-competitive behaviour can occur in either short or long-run equilibrium and
marginal ad justment costs are estimated for the Canadian mill products and pulp and paper industries.

The paper is organized in sections. Section 2 contains the development of the theoretical
model. Section 3 details the estimation model, data and estimation results. In section 4 two important
characteristics of production technology are evaluated in terms of non-competitive behaviour and
adjustment costs; the characteristics are scale economies and rates of technological change. The last

section of the paper is the conclusion.

2. The Model

In general a firm’s production technology can be represented as

(1) T(),K{t-1),v(),I(1),A(t) = 0

where T is a transformation function, y is an /-dimensional vector of outputs, K is an m-dimensional
vector of capital inputs, v is an n-dimensional vector of variable inputs (such as labor and materials),
1 is the vector of additions to the capital inputs, and A is an indicator of the level of technology. T
is twice continuously differentiable, increasing and concave in y and I, and decreasing and convex
in K and v. Since the production process is defined over I, the gross investment vector, then there
are adjustment costs associated with expanding capital inputs. These costs are internal to the
production process and are manifested by the foregone output when resources are diverted from
output production to capital expansion, {see Lucas [1967], Treadway [1971] and Epstein [1982]).

The accumulation of the capital stocks is governed by



(2) K(t) = I(t) + (I, - §)K(t-1)

where 1_ is the m-dimensional identity matrix and § is the diagonal matrix of exogenous depreciation
rates.!
Production decisions are determined by the maximization of the expected present value of the

flow of funds. This present value is given by

(3} J(t) = Z%C_E(t) a(t,s)[PT(s)¥(s) - WT(s)v(s) - QT()(s)),

where E is the expectations operator conditional on information known in period t, P is the vector
of product prices, W is the vector of variable input prices, Q is the vector of capital purchase prices.
The superscript T represents vector transposition.

Production and investment decisions can be determined in two stages. The first stage relates
to the short-run equilibrium in the product and variable factor markets. In this stage variable profit,

which is denoted by

(4) = PTy - wWTy,

is maximized subject to the production technology (equation (1)) and conditional on the level and
additions to the capital stocks.? In this model firms are not assumed to be price-takers in product and
variable factor markets. Price-setting ability is introduced through product and variable factor
shadow (or marginal) prices.

(5.1) P°=P(I,+T)

(5.2) W'=W(I, +®©)
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where 1, and I are identity matrixes of dimension £and n, I'<0 is a diagonal matrix of product price-
marginal revenue proportions, ©>0is a diagonal matrix of variable factor price - marginal factor cost
proportions. The I' and © matrixes are not assumed to be constant. The elements of I' depend on
product demand functions and interdependencies among product suppliers. The elements of 8depend
on variable factor supply functions and interdependencies among variable factor demanders.

Diewert[1982] rigorously established that a monopolist (or monopsonist) in short-run (or long-
run) equilibrium can be viewed as undertaking production decisions according to the maximization
of shadow variable profit (in other words variable profit evaluated at the shadow prices given by
equation (5) and not market prices).® In this case the elements of I and © relate respectively to the
inverse price elasticities of product demand and variable factor supply. The Diewert result was
extended to an oligopolistic framework by Roberts [1984]. In this context the elements of T relate to
the inverse price elasticities of product demand and the conjectural elasticities of firm
interdependence in product markets.?

Maximizing shadow variable profit leads to the shadow variable profit function, which is

denoted as

(6) 7 =TII*"P",W* K,LA).

By applying Hotelling's Lemma with respect to the shadow prices (see Diewert [1982]), short-run

product supply and variable factor demand functions are

(7.1) y= VIS (P,W"K,LA)

(7.2) v =-VI? (P,W* K, LA).

These equations show that short-run production decisions depend on product and variable factor
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shadow prices, the level and additions to the capital stocks and the indicator of technology.

There a number of attractive features associated with the use of the shadow variable profit
function to empirically analyse non-competitive behaviour in product and factor markets. First, non-
competitive behaviour in one market affects output supply and input demand functions relating to
all markets in which firms operate. Any one shadow price affects the complete array of decisions on
product supply and factor demand. Second, product demand and factor supply functions do not have
to be specified. Through the shadow prices, non-competitive behaviour is parameterized by the
elements of the I' and ® matrixes. In addition, these parameters do not have to be constants, but can
depend on variables affecting the relevant price elasticities and firm interdependencies. However,
a difficulty with the use of the shadow variable profit functions is that both price and conjectural
elasticities cannot be identified. For example, without further information on price elasticities, it is
not possible to identify the nature of firm interdependencies in product and factor markets.®
Nevertheless, the purpose of this paper is not to investigate the various types of firm interactions, but
rather to determine whether firm decisions on product supply and factor demand equate product
prices to marginal costs and variable factor prices to marginal revenue products.® If shadow prices
differ from market prices in product markets then product prices differ from marginal costs of
production. In addition, if shadow prices differ from market prices in variable factor markets then
variable factor prices differ from marginal revenue products.

The second stage of production decisions pertains to the determination of the demand for the
capital stocks. The equilibrium conditions relating to the capital stocks are determined by using the
shadow variable profit function (equation (6)) and the capital accumulation equations (equation set

(2)). In this stage the shadow flow of funds

(8) I (1) = %_,E(a(t,s)[IT(P*(s),W*(s),K (5-1),
K(s)~(I,-6)K (s-1),A(s))-Q (s} K(s)

~(Iq-8)K(s-1})]
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is maximized by selecting K(s),s=t,...,00. The Euler equations for this stage of the production problem

are

9 E(s)VII} (s+1)-(I~86)VIT] (s+1)]

+ s, 5+1)71 VIIE (5)- W (s)=0

where Wk(s)=ot(s,s+l)‘IQ(s)-(Im-s)E(s)Q(sH) is the vector of rental rates. Equation (9) points out that
the expected marginal benefit of the capital stocks equals the marginal capital input cost. The
marginal benefit consists of two components; the marginal profit and the reduction in marginal
adjustment cost due to the undepreciated capital stocks brought forward to period s+1 from periods.
The marginal capital input cost consists of two components; the rental rate and the marginal
adjustment cost. Another way to view equation (9) is that the expected marginal benefit of the capital
stocks is equated to the respected shadow rental rates. These shadow rental rates deviate from the
market rental rates by marginal adjustment costs. If shadow rental rates equal market rental rates
then expected marginal profitabilities equal market rental rates. In this situation firms are in long-
run equilibrium. The existence of marginal adjustment costs imply that firms are in the process of
expanding (or reducing) their capital stocks. In addition, from the first stage characterizing
production decisions, firms also adjust product supply and variable factor demands as capital stocks
change. Therefore marginal adjustment costs (or deviations between shadow and market rental rates)
signify that firms are in short-run equilibrium,

In capital input markets, as for the other markets under consideration, shadow prices govern
firm decisions. However, deviations of shadow from market prices in product and variable factor
markets are the result of non-competitive behaviour, while the price deviations in the capital input
markets result from the production technology and reflect short-run equilibrium. The equilibrium
conditions (equations (6),(7) and (9)) admit the possibility of testing hypotheses relating to non-

competitive behaviour and short-run equilibrium. Indeed, by parameterizing the shadow variable
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profit function and the relationships between market and shadow prices, hypothesis testing can be

undertaken,

3. DPata and Estimation Results

The model that is estimated consists of the equilibrium conditions (equations (6),(7) and (9)).
The data relate to time series of variables from Canadian mill products (SIC 251) and pulp and paper
(SIC 271} industries. These two industries are selected because some interpretations of the stylized
facts suggest that firms producing mill products pay for their wood inputs below the marginal revenue
product earned through the use of the input {(see Constantino [1986] and U.S. International Trade
Commission [1985)), while pulp and paper firms price their products above marginal cost (see Klein
[1985] and Martinello [1985]. In addition, the two industries taken together are the largest
manufacturing industries in Canada at the three digit SIC level in terms of shipments and
employment. The model is estimated for each of the two industries in order to investigate non-
competitive behaviour in output and input markets,

A dynamic model is specified with capital adjustment costs so that firms are not assumed to
be in long-run equilibrium. The dynamic model is preferable to estimate in order to examine
deviations from competitive behaviour in product and factor markets and deviations from long-run
equilibrium. The reason is that if the data are not consistent with long-run equilibrium then the
equality between shadow and market prices would be re jected even if firms are acting competitively
in the short-run,

The estimation of the model is carried out using industry data. In other words, deviations
between shadow and market prices are measured for each of the industries. If all the firms in an
industry equate shadow to market prices then at the industry level these same equalities will be
satisfied. Hence unless firms exhibit non-competitive behaviour and incur capital adjustment costs,
the estimated model will not indicate inequalities between shadow and market prices. Hypothesis tests

regarding deviations between shadow and market prices do not test whether the product demand and
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factor supply curves facing the industry are horizontal, but whether firms decisions equate product
prices to marginal costs, variable factor prices to marginal revenue products and expected marginal
profits to rental rates. The framework is useful in determining deviations between shadow and
market prices in product and factor markets.

The data for the mill products and pulp and paper industry are obtained from Statistics
Canada, the sample period is 1963-1987. With respect to mill products, three products are considered,
softwood lumber, hardwood lumber, and other lumber (namely shakes, shingles and wood chips).
Output data is obtained from Statistics Canada Catalogue 35-204 and 65-202, Output quantities are
shipments and output prices are defined as revenues divided by quantities.

There are two variable factors, labour and wood. The dataon the variable factorsare obtained
from Statistics Canada catalogue 35-204. Labour quantity is hours paid and the labour input price
is defined as labour cost (wages, salaries and supplementary payments) divided by labour input
quantity. The wood quantity is the wood used by sawmills and planning mills and the wood price is
the cost of wood used divided by wood input quantity.

The quasi-fixed factor is a Tornqvist index of energy, buildings and construction capital, and
machinery and equipment capital. The cost of energy consists of electricity, fuel oil, gasoline and
natural gas and is obtained from catalogue 35-204. Statistics Canada provided the unpublished capital
stock data which consist of gross and net end of year stocks in current and constant dollars. The
capital purchase prices are defined as the ratio of current to constant dollar gross stocks and the
energy price is defined as the intermediate input price index for the wood industry {which is SIC 25).
In order to generate the rental rate on capital, the corporate income tax, the investment tax credit and
the capital cost allowance rates are obtained from the Canada Gazette and Statistics Canada catalogue
13-211. In addition, the discount rate is taken to be annual average of monthly average yields of
Government of Canada bonds with 10 or more years of maturity. The discount rate is obtained from

the Bank of Canada Review,
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Turning to the pulp and paper industry. There are three outputs, newsprint, pulp and other
paper products (namely book and writing paper, tissue, wrapping paper, building paper and
paperboard). Output data is obtained from Statistics Canada catalogue 36-204. Output quantities are
shipments and output prices are defined as revenues divided by quantities.

There are two variable factors, labour and wood. The data on the variable factors are obtained
from catalogue 36-204. The variable factors are defined in the same manner as for the mill products
industry. The quasi-fixed factor is defined in the same manner as for mill products. The data is
obtained from 56-506, 57-208, and from unpublished Statistics Canada sources. Lastly the rental rate
on capital is defined in the same way as in the mill products industry and the various tax and interest
rates are obtained from the same sources. The technology indicator is the time trend. In order to
estimate the equilibrium conditions a functional form for the shadow variable profit function must
be specified. It is assumed that the f unction is translog, (see Jorgenson {1986} and the references cited

therein) which is a flexible functional form. Using equation set (5)

(10.1) Inx® = 8y + Ti_ BiInP(1+7)+ B lnK+ B InA
+.5 [, T _,8;InPi(1+ 1)InP5(1+ 7 +B(InK)? +8,(InA)?
+ £4_jin g;,InPi(1+ 7)InK+ £i_; AilnP(1+ 7)InA

+ Byl InKInA

where g;; = B;;. x® is shadow variable profit normalized by the price of labour (the wage rate), P;
i=1,2,3 are the three output prices normalized by the wage rate, P, is the price of the wood input
which is normalized by the wage rate, 7,;<0 i=1,2,3 are the deviations between shadow and market
product prices, (+; are the elements in T in equation {5.1)), 7,>0 is the deviation between the shadow
and market factor price of wood (v, is the nonzero element in © in equation (5.2)), the shadow and
market price deviation for labour is assumed to be zero. The deviations between shadow and market

prices are parameterized by v, i=1,...,4 and are assumed to be constant.”
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Marginal adjustment cost is assumed to be zero when net investment is zero so that in long-
run equilibrium there is no difference between the shadow and market rental rates for capital (see
Berndt and Morrison [1981], Mohnen, Nadiri and Prucha [1986]). Thus the ad justment cost function

is written as

(10.2) c*=.58; (AK)?,

where c® is capital adjustment cost.®
From equation {10.1), the short-run equilibrium conditions {(equations (7.1) and (7.2)) can be

written as

(1) st=(lay) " [8; +T] _, B;jInP; (1+ ;) +8,InK +6;,InA]

where s} = P;y; / #* i=1,2,3 are the revenue shadow variable profit components and sg= -Pyy,/
is the negative of the wood cost shadow variable profit component. Due to the parameterization of
the deviations between shadow and market prices, the short-run equilibrium conditions are nonlinear
in the parameters.®

To complete the characterization of the equilibrium, from equation set (10), the Euler

equation (9), is

(12)  E6)By+ByInK(s+1 )+E‘i‘= BilnPi(s+ D(147,)+8, . InA(s+1)]

7(s+1)/K(s+1)+E(s)8,;AK(s+1)-(1 +1(s))8;AK(s)- W (s)=0

where a(s,s+1)°! = {1+r(s)}, r is the discount rate. The parameter B;;>0 represents the short-run

deviation between the shadow and market rental rates for the capital input.
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In order to estimate equation set (10), (11) and (12), shadow variable profit is replaced by
1r"(1+2§=1'1isi)=1|', where s;i=1,...,4 are respectively the revenue and negative of the wood cost variable
profit components. This means that the equilibrium conditions become nonlinear in the variable
profit components. Error terms are appended to equation set (10) and (J1) which reflect optimizing
errors and technology errors. The error term in equation (12) is a conditional expectation error which
arises when the conditional expectations of the future values of the variables is replaced by their
predicted values. The errors are assumed to be jointly normally distributed with zero expected value,
and positive definite contemporaneous variance-covariance matrix. In terms of equation (12), the
zero expected value assumption means that expectations are rational.

The estimator used for equations (10), (11) and (12) is the generalized method of moments
estimator developed by Hansen [1982] and Hansen and Singleton [1982]. This estimator is equivalent
to the three stage least squares estimator if the random errors are conditionally homoscedastic (see
Pindyck and Rottemberg [1982]). The endogenous variables in the estimation model are variable
profit, the four variable profit components (representing the three products and the wood input) and
the capitat input. The instrumental variables that are used are the lagged capital stock, lagged relative
product and wood prices and the time trend.”

The mode! is estimated for the mill products industry and the pulp and paper industry. The
model is estimated for each industry first with v,<0, i=1,...3, 7,>0. The estimation allows for non-
competitive behaviour in the three product and wood input markets. Next the model is estimated for
non-competitive behaviour in the product markets alone and then for non-competitive behaviour in
the wood input market alone. Lastly the model is estimated with competitive behaviour in the
product and wood input markets. Table 1 shows the values of the log of the likelihood functions and
the test statistics relating to the parameter restrictions concerning shadow and market price deviations,
The test statistic is distributed as a chi-square. Clearly the non-competitive model nests both the
competitive model and the partially non-competitive models. With the null hypothesis relating to the

competitive model and the alternative defined by the non-competitive model, the critical value of the
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Table 1; Tests of Non-Competitive Behaviour in Product

Restrictions*
Non-Competitive N.A.
Product and Wood
Non-Competitive 1
Product, Competitive
Wood
Competitive Product, 3

Non-Competitive Wood

Competitive Product, 4
Competitive Wood

*

Mills Products

Log Of Like.

208.928

206.636

206.451

205.602

and Wood Input Markets

Pulp and Paper

Statistic**  Log of Like.
N.A. 241.264
4,584 239.787
4.954 238.061
6.652 236.923

The restrictions refer to the number of parameter restrictions.

Statistic

N.A.

2.954

6.406

8.682

*e The test statistic is -2 [log of likelihood (unrestricted) -log of likelihood (restricted)].
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distribution with 4 degrees of freedom (where 4 is the number of restrictions) is X3.05,4 = 9.488. The
values of the test statistic from table 1 are less than the critical values for the mill products and pulp
and paper industries. Therefore the hypothesis of competitive behaviour in the three product and
wood input markets cannot be rejected. Moreover, although by the nesting of the models all partiai
non-competitive behaviour is rejected, it is instructive to see in table 1 how little the values of the
logarithm of the likelihood function change as more competitive behaviour is imposed in the two
industries.

The estimation results for the competitive model are presented in table 2 for both industries.
The standard errors of the estimates are small relative to the parameter estimates. The standard errors
of each of the equations are also relatively small. In addition, residual plots showed that there is no
serial correlation. The estimates for each industry generated positive variable profit, capital input
and variable profit components at each point in the sample for both industries. The variable profit
function is also convex in the product and variable factor prices at each point in the sample for both
industries.!

The estimates of 8;; found in table 2 for the mill products and pulp and paper industry show
that the industries are not in long-run equilibrium. The estimate of the adjustment cost parameter
is positive and statistically different from zero. Indeed, with respect to the capital input there are
significant marginal adjustment costs so that the shadow rental rate exceeds the market rental rate on
capital. Table 3 shows the deviation between the shadow and market rental rates. The wedge is
defined by the ratio of the marginal adjustment cost to the market rental rate. If the ratio is zero then
the expected marginal profit of capital equals the market rental rate and there is no short-run
deviation between shadow and market rental rates. On average for every $1 spent on capital services
the marginal profit on capital exceeds the rental rate by $0.09 and $0.17 respectively in the mill

products and pulp and paper industry. The shadow rental rate deviates from the market rental rate



Parameter

ﬁlm

Bii

Equation
Yariable Profit
First Product
Second Product
Third Product
Wood Input

Capital Input

Table 2: Estimation Results:

Mill Produc

Estimate

6.416
2.232
-2.410
0.120
0.531
1.280
0.740 E-01
0.456
1.339
0.383
1.812
0.723 E-02

0.334
-0.825
0.235

-1.377
0.569

-0.314
0.562 E-01

-0.176
-0.259 E-01

0.722 E-04

14

Standard Error

0.531
0.122
0.412
0.103
0.352
0.649 E-01
0.124 E-0l
0.810 E-01
0.340
0.307 E-01
0.167
0.913 E-02

0.130
0.914 E-01
0.174 E-01

0.222
0.591

0.127 E-0l
0.142 E-01

0.505 E-01
0.148 E-02

0.299 E-04
Standard Error
0.154
0.129
0.240
0.964 E-01
0.301

0.114

Competitive Model

Pulp and Paper

Estimate

1065.575
-43.548
-40.864
-35.968

34.244
-138.311
3818
0.813
0.620
1.332
-0.560
-9.074
-0.148 E-0t
-0.761
0.479
3.032
-0.143
0.423
2.785
-0.818 E-01
-0.520
2.410
-0.623 E-01
-2.350
0.935 E-0Ol
-0.231
0.848 E-07

Standard Error

0.133

0.209

0.369

0.258

0.353

0.313

Standard Error

226.270
14,373
8.182
8.559
9.672
29.691
1.072
0.946
0.300
0.307
0.441
1.947
0.259 E-0i
0.321
0.607
0.934
0.299 E-0!
0.223
0.540
0.223 E-01
0.159
0.563
0.206 E-01
0.630
0.218 E-0I
0.688 E-0I
0.348 E-07
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Table 3: Deviation Between Shadow and Market Rental Rates

on Capital; §; AK/Wk

Mill Products Pulp and Paper
Mean 0.090 0.171
Standard Deviation 0.030 0.131
Minimum 0.010 0.027

Maximum 0.193 0.486
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in the pulp and paper industry by twice the magnitude found in mill products. Indeed, by inspection
from table 3 of the minimum and maximum deviations, the relative differences between the two
industries is consistent over the sampie period.

Therefore, the estimation results point out that there are no differences between product
prices and marginal costs, and between wood input prices and marginal revenue products in the
Canadian mill products and pulp and paper industries. In addition, these industries are not in long-
run equilibrium as there are significant marginal costs of adjustment that cause the marginal

profitability of capital to exceed the rental rate in each industry.

4. Returns to Scale and Rates of Technological Change

Previous estimates of returns to scale in the mill products and pulp and paper industries in
both the U.S. and Canada find that there are scale economies (see Constantino [1986] and Martinello
[1985] for surveys of these results). However, scale economies are inconsistent with competitive
pricing behaviour in product and factor markets and long-run equilibrium, The results in this paper
show that competitive pricing cannot be rejected but simultaneously the industries are not in long-run
equilibrium. Hence the issue remains open as to the extent, if any, of scale economies when both
industries are in short-run equilibrium as a result of capital adjustment costs.

Caves, Christensen and Swanson [1981] developed a measure of returns to scale within a
multiproduct framework with the marginal benefit of capital not equated to the rental rate and with
exogenous outputs. This measure was based on the variable cost function. Output endogeneity
necessitates that a measure of returns to scale be developed which is based on the variable profit
function.

To develop this measure consider the definition of returns to scale based on the transformation

function (1},

(13)  py = - (T, Ty, + SR TKW/ B Ty
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In equilibrium AT, = - W, i=1,..., n; AT; = P, j=1,....,5 dlnx"/3InKy = - ATkKk/w", k=1,...,m, where A

is the Lagrangian multiplier. Substituting these equalities into the right side of equation (I 3) vields

(14) oy = (Bl + ET=13]n1r'/aank)/(2§__.lsj)

where s; = Wvy/s" i=1,..,0,8; = Pjyj/w" j=1,...,£ which are the variable input cost and revenue
components of variable prof :t.12 The estimates of returns to scale are presented in table 4. There are
small scale economies in the mill products and pulp and paper industries. On average scale is around
1.15 in both industries and the estimates are very stable through the sample period. Thus in short-run
equilibrium there are small scale economies along with competitive pricing in product and variable
factor markets.

Along with scale economies, the rate of technological change affects the profitability of an
industry, Previous estimates of the rate of technological change for mill products and pulp and paper
industries in Canada and the U.S. have been found under long-run equilibrium conditions. The
rejection of long-run equilibrium implies that previous estimates of the rate of technological change
may be biased. Indeed, this may be the case as previous estimates f ound negative rates of
technological change in the two industries over long periods of time.

In general there are two measures of the rate of technological change; an output based measure
and an input based measure (see Caves, Christensen and Swanson [1981]). In the context of multiple
output endogeneity and short-run equilibrium, based on the variable profit function, the two
measures can be derived from the transf ormation function (1}. The output based measure relates the

common output growth rate to technological change, given the levels of all inputs. It is defined as

(15)  z, = Ty/T5Tyy;

where t = InA is the indicator of the level of technology. Translating this



Mean
Std. deviation
Minimum

Maximum
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Table 4: Returns to Scale and Rates of Technological Change

Mill Products

1.136

0.017

1.116

1.169

0.027
0.002
0.022

0.020

0.024
0.002
0.031

0.027

Pulp and Paper

1.148
0.106
0.945

1.343

0.034
0.013
0.016

0.061

0.030
0.015
0.012

0.064
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formula in terms of the variable profit function, and noting that dlnz"/dt = - T,/#",
(16) z,= (8l /3t)/ TS 5.

Table 4 shows that the output based measure of the rate of technological is positive for both industries
throughout the sample period. Indeed, in the mill products and pulp and paper industries, the
common output growth rate averages around 2.7 and 3.4 per cent per annum respectively as a result
of technological change.

The input based measure of technological change is defined as the common rate of input
contraction due to technological change, given the levels of all outputs. Thus from the transformation

function (1),

and in terms of the variable profit function
(18)  z,={3Inx"/3t)/(E5_ 5 + ¥ _ fInn¥/3InK ).

Clearly, from equations (14), (16) and (18), the two measures of | the rate of technological change are
equal when there is constant returns to scale, since Py = zy/zv. However, because there are scale
economies then z,<z,. This result is found in table 4. In the mill products and pulp and paper
industries, on average the input based rate of technological change is 2.4 and 3.0 per cent per annum
respectively. As for the output based rates of technological change, the input based rates are
relatively constant over the sample period. The results on the rate of technological change differ from

other studies. Generally negative rates of technological change are estimated for the mill products
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industry (see Martinello [1985] for Canada, Jorgenson-Franmeni [1986] for the U.S. and Jorgenson
et al [1990] for the U.S. and Japan). These estimates are found under the assumption of zero
adjustment costs so that the mill products industry is in long-run equilibrium. In addition, also within
a long-run equilibrium context, Martinello estimated that there is a negative rate of technological
change for Canadian pulp and paper. The rejection of the assumption of long-run equilibrium leads
to the result that the rates of technological change are positive for both Canadian industries in short-

run equilibrium.

5. Conclusion

A dynamic model with multiple products incorporating non-competitive behaviour in both
product and factor markets was estimated for the Canadian mill products and pulp and paper
industries. Deviations between shadow and market prices were parameterized and it was found that
in both industries competitive behaviour occurs in both sets of markets.

The dynamic nature of the model arises from the existence of adjustment costs associated with
the capital input. Adjustment costs cause deviations from long-run equilibrium. Indeed, it was
estimated that the mill products and pulp and paper industries are in short-run equilibrium.
Adjustment costs at the margin create a wedge between the marginal profit of capital and the rental
rate. It was estimated that the marginal profit of capital is almost 20 per cent greater than the rental
rate in the pulp and paper industry and the wedge is about 10 per cent in the mill products industry.

Competitive behaviour in short-run equilibrium was found to be coincident with scale
economies in both the pulp and paper and mill products industries. It was estimated that there are
slightly increasing returns to scale at around 1.15. Technological change also occurred within the
context of competitive behaviour and short-run equilibrium. In fact, unlike other studies which did
not account for competitive product markets or capital adjustment costs, it was estimated that there
are positive rates of technological change for both industries. The rates were very stable and averaged

2.5 and 3.0 per cent per annum respectively for the mill products and pulp and paper industries.
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There are diff’ ere;lt types of extensions to the research outlined in this paper. First, the model
can be applied to different industries and to firms within an industry. Second, the parameterization
of the deviation between shadow and market prices in multiple product-multiple factor contexts could
depend on the summary statistics of product demand and factor supply (see Baker and Bresnahan
[1585]). In this way, for multiple product industries that do exhibit product and factor market power,

it becomes possible to see how market power changes over time.
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It is assumed that the service flow of a quasi-fixed input is proportional to it's stock,
The notation (1) is generally omitted for simplicity.

See Diewert | 1982] and Bresnahan [19859] for the historical notes relating to other ways in
which duality theory can be used in non-price-taking contexts.

For an oligopolistic industry in short-run equilibrium producing a single product in
competitive factor markets, the first order approximation to variable profit for the
representative firm is, '

Y YEy® + HY®)y - Wy - H(Y)Yey*?

where Y is industry output, H is the inverse product demand function and the superscript e
represents short-run equilibrium, The last term in the variable profit expression represents
additional profit refative to the competitive Jevel that the firm earns from oligopoly power,
Defining Y;y"/Ye = 6* as the short-run conjectural elasticity and I—I'(‘jc"")Ye/Pe = £° a5 the
inverse price elasticity of product demand in short-run equilibrium, the shadow product price
is PP = P(] + £o%). (Notice that the elasticities are evaluated at the equilibrium magnitudes,
see Geroski [1983] and Roberts [1984].) The maximization of variable profit is equivalent 1o
the maximization of shadow variable profit, which is P’y ~ WTy, since the shadow product
price is marginal revenue,

Raberts [1984] focuses an different types of oligopoly models and therefore he specifies
alternative types of conjectural variztions, As a comsequence, he assumes that all firmy ure
price-takers in factor markets and the price elasticity of product demand is constant and
exogenously given. In our context this means that 6 = 0 and the elements of T represent
known multiples of the conjectural elasticities.

An alternative approach to investigate non-competitive behaviour in product markels using
duality theory is through the cost and the jnverse product demand funotions (see Appelbaum
{1979, 1982], Appelbaum and Kohli [1979], Bernstein and Mohnen [1591]).

Analternative interpretation of v, i=1,...,4 are deviations between shadow and market relative
prices (that is prices relative to the wage rate).

The labour cost component equation can be eliminated by the summability condition, singce
D}i:ls;‘(l + 1) =1 - 5§ where s = ~Psys/7* where Py is the wage rate and vg is the labour
quantity,



10.

il

12.

13.
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The adjustment cost function is not estimated as a separate equation since parameter §;; is in
the equilibrium condition for the capital input. In addition, the model (equations (10.1), (11)
and (12)) are estimated as a set of implicit equations using the Time Series Processor software
under the full information maximum likelihood procedure (since the errors are assumed to be
jointly normally distributed).

A form of separability is imposed on the estimation in both industries between the other
product category (output number three) and products one and two. The other product
category is relatively more heterogenous, so 8y = f55 = 0 is imposed.

If the deviations between shadow and market prices are not found to be zero then the revenue
and variable cost components in equation (14) are in terms of shadow variable profit and the
marginal profit of capital is also in terms of shadow variable profit.

The two measures of the rate of technological change can be modified when market prices
differ from shadow prices. In equations (16) and (18) the shadow variable profit function is
used and the profit components are in terms of shadow variable profit.
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