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Measures of market power and returns to scale are obtained for the Canadian
dairy processing industry with the estimation of a cost system. Assumptions of
homothetic technologies and equal conjectures across firms allow the firm’s profit
maximizing problem to be aggregated to the market level. A two stage production
process results in a cost function which is additively separable between raw milk costs
and processing costs for other inputs. The processing cost component is
multiplicatively separable between an input price index and an aggregate input which
is a transformation of output. The input price index has a generalized Leontief
functional form. The transformation function, which is non-joint in outputs, is
additive between outputs and each output has an exponent which is the reciprocal of
its scale elasticity.




ANALYSIS OF THE COST STRUCTURE FOR PROCESSED PRODUCTS:
THE CASE OF THE CANADIAN DAIRY PROCESSING SECTOR

Previous studies have examined the Canadian dairy industry from the perspective of either
the farm level (e.g. Moschini [1987] and Oxley et.al. [1989]) or have examined the welfare
implications of supply management for society and its agents including consumers and primary
producers (e.g. Barichello [1981], Schnﬁtz [1983] and Veeman [1982]). For the most part previous
research has excluded a detailed analysis of the processing sector. This paper addresses this
deficiency by examining the cost structure of the Canadian dairy processing industry. This
information should have value not only for conducting welfare analysis of the current regime, but also
for examining potential reforms for the industry either through trade liberalization or domestic

reform.

The dairy processing sector represents a non-trivial share of the economy. In 1992 dairy

processing accounted for approximately 2.5 percent of the total value of Canadian manufacturing
activity or $7.64 billion in shipments. Total 1992 eIr}ployment was 24,614 which is approximately 4
percent of employment in Canada’s manufacturing sector.

Over the last three decades the industrial milk processing sector has experienced a significant
rationalization through corporate re-organizations, and the introduction of multi-product plants. The
number of plants has declined from 1710, in 1961, to 308 by 1992. The ‘rationAalization in the number
of plants has been accompanied by a considerable growth in investment in plant and equipment. For
instance, between 1982 and 1992 inve.stment grew by more then 200 percent.

This rationalisation has occurred concurrently with aﬁ increase in industry concentration. In
1960 the largest four firms in Canadian milk processing accounted for 14 percent of the market. By
1990 four firm concentration ratio was over 50 percent of shipments.

The significant rationalization in the dairy processing industry suggests potential for scale

economies. The increased level of concentration suggests an imperfectly competitive market




structure.

The objective of this study is provide information concerning the technology and market
structure of the Canadian dairy processing sector. The application of duality theory allows several
equivalent ways of characterising technology (see Diewert [1974]). The approach used in this paper
is to discover the underlying technology via the industry’s‘ cost structure. The estimation of a cost
function in conjunction with assumptions concerning pricing behaviour allow inferences to be drawn

concerning market structure for the dairy processing sector.

Modelling and Theoretical Considerations
The cost fiinction represents the minimum cost required to produce given a vector of
outputs, with input prices predetermined. So the cost function is the solution to the firm’s cost
minimization problem:
C(w,y) = min, {wx: (x,y) is in the production possibilities set}

To be an accurate representation of the firm’s underlying technology the cost function must
exhibit the following properties: C(w,y) is a non-negative function, linear homogenous in input prices
w, non-decreasing in output y and w; is continuous, and is quasi-concave in input prices w.

The unit of analysis in this paper is the industry, rather than the individual firm. This requires »

aggregation of inputs, outputs and firms. In order for consistent aggregation to hold across firms the

production function must be quasi-homothetic.2 A technology is globally homothetic in output if the

cost minimizing expansion path is a ray from the origin and the slopes of the isoquants are invariate

! A decision was made to use a cost function rather than a profit function for this analysis. Cost
minimization is a necessary condition for profit maximization for a risk neutral firm. With supply
management output can be considered fixed and the cost function captures the optimizing behaviour
of the industry.

2 See Blackorby, Primont and Russell [1978] for a more detailed discussion.
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to the level of output®. So for given input price ratios all firms, no matter what their level of output,
will have the same factor intensity. As input price ratios change, all firms will change their factor
proportions in the same manner. “Without this assumption each firm’s input-output combinations at
each price ratio will have to be known in order to proceed with aggregation. With a homothetic
technology it is not necessary to know where each individual firm is in inpuf space or to associate
specific levels of output with specific firms; the only requirement is that individual production sums
to aggregate production and individual costs sum to the aggregate costs. A quasi-homothetic function
has’ a linear expansion path, which does not emanate from the origin which implies that firms face
fixed costs of production.

Shephard [1981 p.p. 43-45] has shown that if a production function is homothetic the
associated cost function can be written as:

o(93)=6(w)+h(3) +E(w).

This cost function can be thought of as unit cost, c(w), times an aggregate input or a transform of
output, h(y), plus g(w) which is an overhead cost which makes the cost function quasi-homothetic.

When the production process involves mulfiple produc;ts the relétionship between these
products can either be described as joint or non-joint. With joint production, levels of output among
products are linked through resource constraints, non-allocatable factors (e.g. wool and mutton) or
some form of technical interdependence. With non-joint production, the output of one product does
not depend on the outputs of other products. In terms of the cost function this independence of
outputs can be stated formally as:

acz/ayiayj =0

The cost functions, for non-joint products are the sum of the individual cost functions.

This study approaches the measurement of market power (i.e. the ability to mark prices above

3 See Silberberg [1978] p. 89 for a discussion‘of radial blowups of isoquants.




4

marginal costs) from the industry level, rather than the more conventional approach of examining
strategic interactions among individual firms. Appelbaum [1982] measures market power at the

industry level of aggregation by imposing the conditions for consistent aggregation (a homothetic

production technology) and assuming that the industry behaves the same as a representative firm.*

In this context market power is an average concept across an entire industry.
Appelbaum describes the representative firm’s profit maximization problem as:
(1)  max][py-C(y’,w)]
where: _ = price dependent market demand equation p=p(Y,z)
representative firm i’s output-
market demand

“exogenous demand shifter
vector of exogenous prices

c(w)*h(y)) +g'(w)
The first order conditions to this optimization problem can be aggregated across a firms and be
~written in the form of a Lerner index:
(2)  L=[(p-mc)/p] = 0y
where: mc = marginal cost for industry
0 (9Y/ay'v)(y/Y) conjectural elasticity of industry output
' with respect to representative (average) firm i’s output
n = market demand elasticity
Conjectural variation, (3Y/dy')(y/Y), is a measure of how the representative firm (industry
average) perceives the rest of the industry adjusting to a change in its output. The measure of
conjectural variation is transformed into proportional rates of change to provide an elasticity measure

which allows a re-interpretation of the market demand elasticity in terms of the representative

(average) firm’s perceived elasticity of demand. The 6 parameter has a lower bound of zero (perfect

4 He is able do this since the cost function is quasi-linear homogenous so that marginal costs are
constant and identical across all firms. Since all firms face the same output price and market demand
elasticity the degree of market power must be identical across firms
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competit.ion) and an upper bound of 1 (monopoly).> Since demand elasticity determines the degree
of market power which can be exercised, the perceived inverse demand elasticity, 6/y, will determine
the industry average perceived market power. The Lerner index can be rewritte'n as:

(3) p = mc/(1-6/p)

This equation can be inverted, given a tractable functional form, in order to obtain the industry’s

pseudo-supply function.

Empirical Model and Results

The criterion to select the functional form for the cost function was to a large extent
determined by data considerations. The resulting specification had to account for the fact that there
was insufficient data, in terms of primary factor prices and quantities to develop separate cost
functions for each product. The industry is treated as one multi-product plant where capital, labour,
and fuel are shared in the production of the five dairy products: butter, cheese, concentrated milk,
soft products (an amalgam of ice cream, yoghurt, and cottage cheese) and fluid milk. The estimation
used aggregate data at the national level.

A multi-product technology is a reasonable assumption given that many plants currently
operate multi-product facilities. The five products are assumed to be technically non-joint®.

There is no accurate national data on the volumes of milk used to produce individual dairy
products. To circumvent this problem quantities of product have been converted to milk equivalents.

This conversion assumes a fixed proportions technology. A sensible way to proceed is to assume that

> An alternative interpretation is that 0€[0,1] is the outcome of some unknown game.

¢ The assumption of non-jointness is not as arbitrary as it might first appear for although each
product shares a public input, raw milk, regulations (such as Ontario’s system of Plant Supply Quotas)
currently prevent much movement of milk between products so dairy products cannot be considered
joint as a result of this shared input. Butter and skim milk powder are technically joint products; for
this reason skim milk powder is excluded from this analysis.
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the dairy processing technology is strongly (additively) separable between raw milk costs and
processing costs because the combination of primary factors, labour, fuel, and capital, which
determine the processing technique is separable from amount of milk used in the production
process.” Production can be thought of as occurring in two stages. In the first stage the firm decides

how much milk, x_, and real value added® to use in the production process. The second stage

determines how much labour (x;) and capital (x,) to use to produce a given level of real value added

through the relationship f(x;,x,). If the first stage follows a recipe which is fixed proportions and the
second stage allows factor substitution, then the production function can be written as:
(49) y=min (xm/a,f(x,,x‘;))
where: a = technical conversion factor
The corresponding cost function can be written as:
) C=wyeasy + c(w,wy)eh(y)
where: ceh = cost function for the second stage
The two stage process ensures that the cost associated with raw milk, w eaey, is strongly
separable from the costs associated with processing, c(w).
Since the underlying processing technology is assumed to be homothetic, processing costs are
the product of an input price index and an aggregate input which is a transformation function of
outputs. The input price index is assumed to have a generalized Leontief functional form.

The Generalized Leontief function tends to be a good representation of technology when the

~ elasticity of substitution between factors is relatively small. Diewert [1971] describes the properties

7 See for instance Bruno [1978] for a discussion when intermediate goods can be separated from
primary factors in the production process. Bruno considers the instances where real value-added can
be used in place of output in production function analysis.

& A physical measure of the labour and capital added through the production process. See Bruno
[1978] for a discussion of production functions with real value added.
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of a Generalized Leontief cost function which is multiplicatively separable in output and in the square
root of prices:
©)  c(wy) = h(y) * ZZpy(ww)"”?
Where b;; are non-negative elements of a symmetric matrix of input price coefficients, and

h(y) is a continuous monotonically increasing transformation function of outputs. For a single output,

the h(y) term is related to the elasticity of scale, €(y), by the definition’:

(7)  e(y) = h(y)/(y « db/dy)

Integration of this differential equation allows the researcher to work backwards to the

underlying transformation function. If the production technology is homogenous, the elasticity of
scale will be invariant to the level of output and the transformation function will equal:
(® h@E =Hey”
where H = constant of integration

Given these functional forms for the price index c(w) and the 6utput index h(y) the cost
function now be written as:
(9 C=wyeasy +H oy s Zb(ww) 2

The cost function for a non-joint multi-product production process is simply the sum of the
separate single product cost functions. Hall [1974] established that a non-joint homothetic cost
function, for k products, has the form:
(10)  C(wy) = [hy(y1) +-t hy(y)] *c(w)
Therefore the cost function for multiple output non-joint technology which is strongly separable
between milk and primary inputs can be written as:
(11)  C=Zwp,ea,y, + T H, ey « S3by(ww)?  V 1,..k products

]

The derivative property, known as Shephard’s lemma, allows conditional input demand

? See Forsund [1975] for the derivation.
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functions to be obtained by differentiation of the cost function with respect to input prices. The
marginal cost function is obtained as the derivative of the cost function with respect to output.
Pseudo-supply functions can be obtained by combining the Lerner index, equation 3, with the
marginal cost function for each product. The system which is estimated includes the cost function,
conditional input demand functiohs, and pseﬁdo-supply functions. Cross equation restrictions help

to identify the conjectural elasticity parameters.

Multi-variate models of cost functions, utilizing time series data, frequently also account for

technical change by including a time variable which is included in a manner similar to input prices.!

Additive dummy intercepts have been added to all equations to accdunt for the introduction of supply
management which is assumed to start in 19751

(12) C=Z a,w, 7y, + ZH_ y (EZby (W w)P+Zb;- w;- )

(13)  x = Z,H -y, Tbye (wyfw) P+ t

(14)  p, = [a, Wy, + atH, - Yf(af'l)‘ (ZiZibye (wy Wj)m)]/[l'o/ﬂf]

total cost

conversion factor

price of milk

production level

primary input prices

primary input usage

time

index for butter, cheese, concentrated milk, soft product, and fluid
" labour, capital, and fuel

conjectural elasticity

market demand elasticity for product 7

cost elasticity or the inverse of the scale elasticity 1/e

where:

DI DN M g2 20O
3

| 1 1

The system (1) to (3) consists of nine equations and was estimated using the non-linear multi-

10 See Morrison [1988] for an example of such a specification.

11 This is not entirely correct as the market sharing quota for industrial milk was initiated in 1970.
However, not all provinces joined the plan initially. Formula pricing and global import quotas were
introduced in 1975.
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variate regression procedure in Shazam version 6.2. With this procedure the coefficients converge
to maximum likelihood estimates which differ from the conventional seemingly-unrelated-
regression'? approach in that the estimat;s iterate over both the residual covariance matrix and the
parameter matrix. The system is not treated as simultaneous equation model. The problem of
simultaneity bias is avoided since the final demand side of the model, 7, is treated as pre-determined

and the parameters are obtained exogenously.!®> The market demand elasticities are:

Hassan & Moschini & Al-Zand & Cluff &
Johnson* Moro Andriamanjay Stonehouse

Butter -1.06 -0.92 -1.08 , -0.77
Cheese -0.86 -0.41 -1.01 -0.57

Concentrated -0.83 -1.03
milk

Ice Cream -0.85 -1.03
Fluid -0.44 -0.36

* Selected for this study

The Hassan and Johnson set elasticities fall within the mid-range of final demand elasticities.

For this reason and the wide acceptance of this study of Canadian food consumption patterns, this

. set of elasticities where selected for use in this study.
Homogeneity of degree one in input prices, for the cost function, has been imposed by the

generalized Leontief functional form which uses relative input prices. Symmetry is maintained by

12 The assumption of contemporaneous covariance means the error terms between equations are
correlated at any point in time.

13 Predetermined market demand elasticities also circumvent the problem of identification of
conjectural elasticities in a system of equations. See Lau [1982] for a discussion of the identification
problem.
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imposing cross equation restrictions on the pﬁrameters such that by=b;."*

The estimation was conducted with data from 1961 to 1986. Appendix 1 describes the sources
of data for this analysis.

Table 1 presents the results of the estimation of the system of equations 12 to 14. The H;’s
parameters have been restricted to équal the physical shares'>, in terms of milk equivalents, for each
dairy product.

The surface of the cost function appears to be relatively flat with many local optima®®.
Initial attempts to estimate the complete system 12 to 14 resulted in very unstable parameters. In
an attempt to circumvent the.problem an iterative routine was dévised which estimates the scale

parameters, a_’s, separately from the 6’s, the conjectural elasticities. This is a step wise process.

In the first step the a,’s are restricted to one which is consistent with constant returns to scale. The

estimated 0,’s from this step are then used as constants in the next step. In the second step all the

other parameters are allowed to vary.. The estimated a’s are treated as constants in the third step
.which estimates the remaining parameters and the 6,’s. This process is then rebeated until the
parameter values become relatively stable with less than five percent variation between steps. The
same set of starting values is used for every iteration. The model stabilized after eight steps. In the
final iteration the 6,’s are held constant and the rest of the free parameters are estimated. So in

effect this is a method to obtain credible values for the conjectural elasticity parameters which are

14 Arguments for imposing theoretical restrictions include a reluctance to depart from theory, and
practical matter of minimizing the number of parameters which are estimated.

15 These parameters, H;s, can be thought of as weights in an output aggregator function.

16 This could be a result of the large number of parameters, the non-linear nature of the model,
or the large number of restrictions which are imposed upon the model.
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then treated as exogenous information in the final regression.!”
The overall explanatory power is good. Each of the equations, except labour, has a R-squared

of at least 0.92.

Auto-correlation proved to be a problem. An attempt was made to correct this problem with

a second order vector auto-regressive specification. Each auto-covariance matrix of rho’s is restricted

to be a diagoﬁal matrix with the same value of rho across all equations'® The RHO parameters are
statistically significant at both the first and second orders.

The signs of the coefﬁc;ients are as expected. Monotonicity in output is satisfied as the a_’s
are positive. The by’s, i#], are generally required to be non-negative since this is a sufficient
condition for the cost function to be concave in prices. All of thesé coefficients are positive except
b, This indicates a complementary relationship between capital and fuel which holds in both sets
of results. Most coefficients are statistically significant at the 5 percent level. Exceptions are b, and
bg. A number of dummy variables and time trend variables are not significant.

Since not all the bys are positive it is necessary to check for strict quasi-concavity of the cost
function in input prices. Concavity requires that the matrix V2C, (W) is negative semi-definite. This
regularity condition can be checked by determining if the matrix of Allen partial elasticities of
substitution is negative seﬁli-deﬁnite. Table 2 presents the Allen partial elasticities for the three
primary factors of production. These elasticities are computed as:

0y = (CCI(CeCy)

17 This method is similar to the approach used by Lopez [1984] when he was unable to obtain
convergence of the conjectural elasticity for the Canadian food processing industry. Lopez’s method,
however only involves two steps.

18 See Berndt [1991] p.p. 475-79 for a general description of auto-regressive processes in multi-
variate equation systems. Hendry [1971] provides a more detailed description of maximum likelihood
non-singular systems of equations with errors generated by an auto-regressive process.
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Where C; and C;; are the first and second partial derivatives of the cost function with respect to
input prices. Since this definition includes both exogenous variables and parameters the value of 0jj

will vary with each observation. The values in table 2 are measured at the means.

Table 2 Elasticities of Substitution

Labour Capital Fuel

Labour -.55816 026746 1.77217
(.1640) (.0640) (:2955)

Capital 028809 -27414
(.0304) (.1020)

Fuel . -4.4348
(1.024)

*  standard errors are in parentheses and are calculated as second order approximations see
Kmenta [1986] p.p.486-87

The own Allen partial elasticity of substitution for capital is positive, but very small and not

statistically different from zero. As a result the matrix of Allen partial elasticities of substitution is not
negative semi-definite, at the point of expansion, so the cost function is not quasi-concave in prices.
However this does not constitute a violation of concavity in a statistical sense because of the statistical
insighiﬁcance of oy.** The own Allen elasticities of substitution, for labour and fuel, both have the
correct negative sign and they are statistically significant. Labour and capital are net substitutes as
indicated by the positive sign on the Allen partial elasticity of substitution. However this substitution
elasticity is not statistically different from zero. The strongest substitution possibilities exist between
labour and fuel. The quantity of labour used in dairy processing increased dramatically after the

energy crisis. This could be coincidental as supply management was introduced at approximately that

19 The usual method of imposing concavity is to force the offending parameters to be equal to
zero, however this approach has not be used in this study because (1) the parameters of primary
interest belong to the transformation function and not the input price index, and (2) the own
elasticity of substitution for capital is already not statistically different from zero.
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time. Capital and fuel are net substitutes. This corresponds to the negative sign on by,.
The 6 or conjectural elasticity parameters are all statistically different from zero. Table 3
summaries these elasticities, the implied Lerner indexes and the only published previous estimate of

measure of market power for Canadian food processing.

Table 3 7 Measure of Market Power

Conjectural Elasticity Lerner Index (6’/17)‘
Butter 0.23 22%
Cheese 0.22 ) 26%
Concentrated Milk 0.28 - 35%
Soft Products 0.56 66%
Fluid Milk 0.06 14%
Food Processing* ' 0.192 50%

* See Lopez [1988]

The magnitude of the conjectural elasticities suggests a significant amount of market power

has been exercised in the dairy processing sector.

Previous studies (Lopez [1988]) have found market power in Canadian food processing.
However, this approach imposed constant returns to scale in order to derive the estimates of market
power. Empirical analysis‘ bf market power which does not account for potential scale economies

(dis-economies) will bias the estimates of market power upwards (downwards).2

20 The upward bias in the conjectural elasticity parameter follows because the numerator of the
Lerner index, equation 2, is larger with constant returns to scale then with increasing returns.
Rearrange the Lerner index and replace marginal cost with a homothetic functional form.

p=h(y)ec(w)/(1+0/n)
with  IRTS h’(y)sc(w)<c(w) (increasing returns to scale)
CRTS b’(y)esc(w)=c(w) (constant returns to scale)
DRTS h’(y)esc(w)>c(w) (decreasing returns to scale)
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The cost elasticities with respect to output, a_’s, are the reciprocal of the elasticities of scale
for the value added portion of the two stage production function. All products exhibit statistically
significant increasing returns to value added for proportional increases in primary inputs.

Processing occurs over two stages of production: conversion of primary factors of production
to value added and conversion of milk to product utilizing the processing capacity created with the
value added from the first stage. In order to measure returns to scale across both stages of
production, value-added returns to scale and the fixed proportions constant returns to scale

~ conversion of milk to product are combined as a weighted average.

(13)  1/e,={a,sw. /(a, sw,, +H, -yTA"l oc(W)}el+ {HToyTA"l-c(w)/(aTowm, +HT-yA"
loc(w)}eA,

where: T
H

c(w)

index of product type
physical share
primary input price index

Table 4 shows the combined cost elasticities (inverse of scale elasticities) over the value-added

and milk conversion stages of production.

Cost Elasticities

value added std error over-all std error *
butter 0.4233 0.0159 0.9885 0.0022 .
cheese 0.5162 00300 0.9817 0.0045
Concentrate 0.4583 0.0608 0.9735 0.0058
Soft Product 0.6137 0.0289 0.9279 0.0174
fluid 0.5925 0.0159 0.8735 00141

* Standard errors are measures as a second order Taylor series approximation
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The cost elasticities across both stages of production are lesé than unity for all five products.
Constant returns to scale can be rejected since each of these cost elasticities is statistically different
from one. The production process for each product exhibits increasing returns to scale with scale
elasticities which range from 1.0116 for butter to 1.1448 for fluid milk.

There is a paucity of previous research into the Canadian dairy processing sector making it
difficult to affirm the order of magnitude for the scale elasticities?* However, there are econometric
estimates of the scale elasticity for the aggregate Canadian dairy processing sector. For coihparison
purposes the scale elasticities reported in table 3 were converted in the following manner. Baumol,
Panzer, and Willig [1982 p.74] define an overall multi-product scale elasticity for non-joint products:

OSE = X_,(y; » MC, /(Zy; » MC})) « PSE

where: OSE = overall scale elasticity
PSE = product specific scale elasticity
The mean value of the OSE is 1.03 with a standard error of .0045. Robidoux and Lester [1988] show
that the average cost curve of the Canadian dairy processing sector is L-shaped.and that at half the
minimum efficient scale the scale elasticity is 1.02. Only 2.37 percent of the industry is at minimum
efficient scale. These results would seem to confirm the findings of this study, however the lack of

cross sectional information precludes a judgment whether most firms are at half the minimum

efficient scale. Salem [1987] finds conflicting results and describes an industry with decreasing returns

to scale and a scale elasticity of .925. 22

21 Certain engineering studies have examined the economies of scale for constructing new dairy
processing facilities. For example, the engineering firm APV estimates that scale economies exit for
cheese, ice cream and yoghurt plants (1.05 for cheese, and an average of 1.18 for soft product plants).

22 Since Salem uses labour as a proxy for scale his specification is not consistent with the
approach used in this stud.




Conclusions

This article has developed an industry model of the Canadian dairy processing sector which
is suitable to analyze the effects of market power and returns to scale on this industry. Potential
applications with this framework could include: measuring tariff equivalents in the prf;sence of market
power, extending the welfare analysis of supply management to include rents accruing to the
processing sector, and measuring the impacts of changes in domestic policy or trade liberalization on
the market structure and product composition of the Canadian dairy processing sector.

‘The cost function results are satisféctory from an econometric point of view. The equations
fit well, and the theoretical restriction of monotonicity could not be rejected. The concavity of the
cost function remains in question but this property can not be rejecfed in the statistical sense.

The.article found that Canadian dairy processors operate with increasing returns to scale. No
reasons for these economies were given, but it is possible to speculate that milk supply restrictions
have caused processors to operate at capacities that are less than minimum efficient scale. Increasing
returns to scale also has implications for market.power, for if producers price at marginal cost they
will lose money (i.e. at each level of output average cost exceeds marginal cost with increasing
returns). For this reason some degree of market power can be expected when increasing returns
occur. In addition the border measures, associated with supply management may have allowed
domestic processors to exercise more market power. The presence of market power has implications
for the measurement of tariff equivalents, for if these duties are measured with a price gap method
the tariff estimates may overstate the cost differences between countries because the price gap will
include the effects of market power.

This study has illustrated the importance of measuring scale economies when attempting to

measure market power. Most previous attempts to measure market power have employed functional

forms which impose constant returns to scale. Lopez finds evidence of market power by Canadian
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food processors, but he imposes a constant returns to scale technology. If scale economies (dis-

economies) exist, then estimates of market power will be biased upwards (downwards) when constant

returns are imposed in the estimation.




19
REFERENCES

Agriculture Canada, Dairy Market Review, various issues.

Ameniya, T. 1983, "Non-Linear Regression Models" in Handbook of Econometrics, Z. Griliches and
M.D. Intriligator eds., vol.1, North Holland, Amsterdam.

Appelbaum, E. 1979, "On the choice of Functional Forms" International Economic Review, 20,
p.p-449-458.

Appelbaum, E. 1982, "The Estimation of the Degree of Oligopoly Power", Journal of Econometrics
19 p.p. 287-299.

Al- Zand O. and E. Andraimanjay, 1988, "Consumer Demand for Dairy Products in Canada“
Agribusiness, 4 no.3, p.p. 233-244.

Bank of Canada, Bank of Canada Review, various issues.

Barichello, R. 1981, The Economics of Canadian Dairy Industry Regulation, Economic Council
of Canada Technical Report # E/12.

Baumol, W, J. Panzer, and R. Willig, 1982, Contestable Markets and Industry Structure, Harcourt
Brace and Jovanvich, Inc. New York.

Berndt, E. R. 1991, The Practice of Econometrics: Classic and Contemporary, Addison-Wesley
Publishing Company Inc., Reading Massachusetts.

Blackorby, C., D. Primont, R. Russell, 1978, Duality, Separability and Functional Structure,
American Elsevier, New York.

Bresnahan, T.F. 1989, "Empirical Studies of Industries with Market Power" in Handbook of
Industrial Organization, vol. 2, R. Schmalensee and R. Willig eds. North Holland,
Amsterdam.

Bruno M., 1978, "Duality, Intermediate Inputs, and Value Added", in Production Economics:
A Dual Approach to Theory and Applications, M. Fuss and D McFadden eds., vol. 2, North
Holland Amsterdam, p.p. 3-16.

Chambers, R.G. 1988, Applied Production Analysis: A Dual Approach Cambridge University
Press, Cambridge.

Cluff M. and D.P. Stonehouse, 1992, "Quantitative Requirements of a Supply Managed Industry: The
Case of the Canadian Dairy Industry" in Market Demand for Dairy Products, S.R. Johnson,
D.P. Stonehouse, and Z. Hassan eds., Iowa State University Press, Aimes.




20

Diewert, W.E. 1971, "An Application of the Shephard Duality Theorem: A Generalized Leontief
Production Function", Journal of Political Economy, 79 p.p.481-597.

Diewert, W.E. 1974, "Applications of Duality Theory", in Frontiers of Quantitative Eéonomics,
Vol.2. M. Intriligator and D.A. Kendrick eds. Amsterdam p.p.106-206.

Diewert, W.E. 1978, "Hicks Aggregation Theorem and the Existence of a Real Value-Added
Function", in Production Economics: A Dual Approach to Theory and Applications,
M. Fuss and D McFadden eds., vol. 2, North Holland Amsterdam, p.p. 17-43.

Forsond, F.R. 1975, "The Homothetic Production Function" Swedish Journal of Economics,
p-p- 232-244.

Greene, W.H. 1990, Econometric Analysis, MacMillan Publishing Company, New York.

Hall, R.E. 1973, "The Specification of Technology with Several Kinds of Output,’ Journal of Political
Economy, 81, p.p.878-892.

Hassan Z. and S. Johnson, 1977, Urban Food Consumption Patterns in Canada, Agriculture
Canada.

Hendry, D.F. 1971, "Maximum Likelihood Estimation of Systems of Simultaneous Regression
Equations with Errors Generated by a Vector Autoregressive Process", International
Economic Review, 12, p.p.257-272. .

Jacquemin, A. 1991, The New Industrial Organization: Market Forces and Strategic Behaviour,
The MIT Press, Cambridge Mass. :

Kmenta, J. 1986, Elements of Econometrics, MacMillan Publishing Company, New York.

+ Kohli, U. 1983, "Non-Joint Technologies" Review of Economics and Statistics, 50, p.p. 209-219.

Lau, L.J. 1982, "On Identifying the Degree of Competitiveness from Industry Price and Output Data"
Economic Letters, p.p. 93-99.

Lopez, R.E. 1984, "Measuring Oligopoly Power and Production Responses of the Canadian
Food Processing Industry” Journal of Agricultural Economics, 35, p.p.219-230.

McFadden D. 1978, "Cost, Revenue, and Profit Functions" in Production Economics: A Dual
Approach to Theory and Applications, M. Fuss and D. McFadden eds., North Holland,

Amsterdam.

Moschini, G. 1988, "A Model of Production with Supply Management for the Canadian
Agriculture Sector’, American Journal of Agricultural Economics , p.p. 318-329.

Moschini, G. 1989a, "Normal Inputs and Joint Production with Allocatable Fixed Factors",
American Journal of Agricultural Economics, p.p. 1021-1024.




21

Moschini G. and D.~ Moro, 1993, "A Food Demand System for Canada" Agriculture Canada
Policy Branch Technical Report 1/93 .

Morrison C., 1988, "Quasi-fixed Inputs In U.S. and Japanese Manufacturing: A Generalized Leontief
Restricted Cost Function Approach", The Review of Economics and Statistics, p.p. 275-287.

Ontario Milk Marketing Board, Dairy Statistical Handbook various editions.

Ontario Milk Marketing Board, 1988, Plant Supply Quota Policy, Toronto.

Robidoux B. and J. Lester, 1988, "Econometric Estimates of Scale Economies in Canadian
Manufacturing” Department of Finance, Working Paper 88-4.

Salem, M. 1987, "Productivity and Technical Change in Canadian Food and Beverage Industries",
Agriculture Canada Working Paper 2/87.

Schmitz, A. 1983, "Supply Management in Canadian Agriculture: An Assessment of the Economic
Effects" Canadian Journal of Agricultural Economics, 31, p.p. 135-52.

Shepard, R.W. 1981, Cost and Production Functions reprint of 1953 ed. New York: Springer-Verlag.

Silberberg, E. 1978, The Structure of Economics, McGraw-Hill, New York.

Statistics Canada, Catalog 13-586.
Statistics Canada, Catalog 23-001.
Statistics Canada, Catalog 32-211.
Statistics Canada, Catalog 32-229.
Statistics Canada, Catalog 32-208.
Statistics Canada, Catalog 61-206.
Statistics Canada, Catalog 61-518.
Statistics Canada, Catalog 62-001.
Statistics Canada, Catalog 62-543.

Tirole, J. 1992, The Theory of Industrial Organization, The MIT Press, Cambridge Mass.

Usher, D. 1980, "The Measurement of Capltal" Studies in Income and Wealth, Vol 45, National
Bureau of Economic Research.

Varian, H.R. 1984, Microeconomic Theory, W.W. Norton & Company.




22

Veeman, M. 1982, "Social Costs of Supply Restricting Marketing Boards" Canadian Journal of
Agricultural Economics, 30, p.p. 21-36.




Al Data Sources

The major data sources are found in table A.1. Since some data sources have changed over

the sample period, 1961-1986, several sources may be given for one particular item. .

Table 4.1 Data Sources

VARIABLE CATEGORY

Input Values and Volumes
- labour
- fuel

Capital Stock

- user cost of capital
- interest rate
- depreciation rate
- machinery and equipment
price index

Quantity of Output
Wholesale Product Prices

Raw Milk Prices by Class |

Conversion factors

SOURCE

- Statistics Canada 32-209 & 32-250B
and for fuel quantity index see S.C. 57-208 &
62-001 '

-perpetual inventory method

-prime business rate (Bank of Canada
Review)

-Statistics Canada 13-586 Text Table II
-Statistics Canada 61-518, 61-206

-Statistics Canada 32-229 & 23-001

" -Statistics Canada 32-211 for value & qty of

shipments

-Agriculture Canada Dairy Market Review
and S.C. 23-001

-U.S.D.A,, Dairy Farmers of Canada, U of G
Dept of Food Science

The capital stock was derived using a perpetual inventory method which involves accumulation
of investment over time given a straight line depreciation method (see Statistics Canada 13-568).
Investment series were obtained from S.C. 61-205, 61-214, 61-518. The price deflator series was
obtained from S.C. 62-007 and estimated economic lives for assets were obtained from S.C. 13-586.

The energy series is constructed from eight sources: natural gas, gasoline, kerosene, diesel

fuel, light and heavy oil, liquid propane gas, and electricity. Given that the unit of measurement of

this fuels are different a quantity index is constructed. Prices for each fuel are obtained as unit values
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from Statistics Canada 57-208 and 62-001. An overall price index is constructed by weighting each
fuel price by that item’s share of total fuel expenditure. The value of total expenditures are then
deflated by the price index to give a quantity index.

Raw milk volumes are derived from production volumes for final dairy products via technical
conversion factors.

Output levels of final products for cheese, soft products, and concentrated milk have all been
constructed as aggregate commodities. The index is a Fisher expenditure index where the weights
are expenditure shares. The commodity aggregates include: cheddar and variety cheese for cheeses;
cottage cheese, yoghurt énd ice cream for soft products; and evaporated and condensed milk for
concentrated milk. All dairy products have been converted to milk equivalents to facilitate

aggregétion over different product types.

Table A.2 provides units of measurement and summary descriptive statics for each of the

major variables in the cost system.

Table A.2 Summary of Variables

NAME LABEL UNIT MEAN ST. DEV MINIMUM MAXTMUM

LABOUR DEMAND XL  OOOHOURS 13981. 484.54  12933. 14839.
WAGE RATE WL  PER HOUR 11.198 7.6671  3.3392 25.989
CAPITAL DEMAND XK INDEX 8241.4 573.49 7332.2 9154.7
DEPRECIATION ~ DEP YEARS 16.365 0.10614 16.170 - 16.560
PRICE OF CAPITAL PIK INDEX 1.5377 0.79012 0.74703 3.1460
RENTAL RATE WK INDEX 28.735 18.043 4.587 66.176
FUEL PRICE WF  INDEX 0.59666 0.51480 0.19927 1.6132
FUEL DEMAND XF  INDEX 82248. 12095. 61231. 98265.
QTY. OF BUTTER QB HLTR M.E. 29664. 5494.2 21823. 37820.
QTY. OF CHEESE QC  HLTR M.E. 11354. 4341.0 5347.8 20304.
QTY. OF EVAP QE  HLTR M.E. 3749.1 807.10 2625.6 - 5251.8
.QTY. OF SOFT PRD. QS  HLTR M.E. 2701.0 853.32 1734.1 4706.8
QTY. OF FLUID QFLD HLTR M.E. 11602. 1969.8  7971.9 14669.
INTEREST RATE IR % REAL 2.0993 2.4103 -3.2588 7.3185
PRICE OF BUTTER PB  $/100 KG 248.54 132.50 133.92 512.7
PRICE OF CHEESE PC  $/100 KG 230.53 149.78 78.226 522.86
PRICE OF EVAP. PE  $/100 KG 70.143 46.507 27.541 165.07
PRICE OF SOFT PRD.PS $/100 KG 118.63 . 63.292 61.608 241.60
PRICE OF FLUID PFLD $/100 KG 42.874 28.679 16.772 100.40
MILK PRICE S.P. WMS $/HLTR 18.603 12.890 5.9157 42.267
MILK PRICE CHS. WMC $/HLTR 18.252 11.908 6.2136 40.364
MILK PRICE BTR. WMB $/HLTR 17.973 11.755  7.0943 39.75
MILK PRICE FLD WMFLD $/HL 24.664 14.249 203.04 10.384
CcosT $ 0.448E+06 .311E+406 0.17E+06 0.11E+07










