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Abstract

This study uses stochastic frontier analysis (SFA) to examine technical and economic
efficiency of the Alberta dairy sector. As the North American dairy market moves toward
free trade and a more competitive economic environment, the viability of the sector can
be maintained if producers are highly efficient, which renders efficiency analysis crucial
to production, marketing and trade. Therefore, there is need to emphasise efficiency and
management practices that contribute to greater efficiency.

The overall objective was to determine efficiency for milk production in Alberta.
Thus, dynamic stochastic production and cost frontiers were estimated and used to
compute measures of technical and economic efficiency and to identify factors that have
significantly influenced efficiency levels in milk production. Moreover, alternative
methodological assumptions about stochastic frontiers were tested, including choice of
functional form and alternative distribution assumptions for inefficiency terms.

The data from Alberta Agriculture covering 1980-1996 and constituting 1046
observations was used to generate the variables used.

The findings are; mean technical efficiency, mean economic efficiency and mean
allocative efficiency are 91 percent, 84 percent and 93 percent, respectively, with more
than 50 percent of farms in the samples performing better than the average farm. Small
herds tended to show higher levels of efficiency than large ones; capital intensity, higher
breeding and veterinary services, and increase in the ratio of grains and concentrates to
hay and forage were found to be associated with higher levels of efficiency.

The output elasticities were all positive and characterised by decreasing returns
to scale, implying that Alberta dairy farmers are operating profitably; changes in the
levels of technical and economic efficiency over time have not been significant, but

technological change has been positive and significant. The stochastic model was found
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to be a correct representation of both production and cost frontiers. Lastly, different
distributions of the inefficiency error term were found to be inconsistent in terms of
resulting average measures and the ranking of individual technical and economic
efficiency measures, indicating that the appropriate choice of the distribution is
dependent on the data. Future research should utilize data from several provinces under

one study to afford meaningful comparisons.
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Chapter 1. Introduction

1.1 Background and Economic Problem

This study examines technical and economic efficiency of Alberta dairy farms. The
impetus for this examination arises from two sets of related issues. The first set of
issues, discussed in the background below, concerns the role that dairy farming plays in
the provincial economy of Alberta, and the changes in the technological, regulatory and
international trade environments facing Alberta dairy producers. The second set of
issues, identified as the economic problem of this study, centres on how the issues
discussed in the background are likely to affect the Alberta dairy sector in terms of an

increased emphasis on productive efficiency in the sector.

1.1.1 Background

Dairy farming in Alberta ranks high in agricultural contribution to the province’s economy.
In 1999, it ranked as the fourth most important activity in terms of total farm gate income,
generating $327 million, or 6.2 percent of the farm cash receipts of the province. The
province's 953 dairy farmers produced in the 1999-2000 dairy year 6.2 million hectolitres
of milk, of which 44 percent was used for industrial requirements and 56 percent to meet
fluid demand (Canadian Dairy Commission, 2000). This output ranks Alberta as third
behind Quebec and Ontario in milk production, accounting for 8 percent of the estimated
Canadian dairy herd. In addition, Alberta’s dairy processing sector contributes
approximately 10 percent of the total value of Alberta food and beverage production,

with total dairy exports valued at $18 million (Growing Alberta, 2000)".

! For an assessment of the economic importance of the Canadian dairy sector, see Agriculture
and Agri-Food Canada (1996).
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In order to keep their sector viable Alberta dairy farmers must be able to compete
in the changing technological, structural and economic environment. They need to keep
pace with and adjust to the changes that have been taking place in the dairy sector.
These include technological innovations, adjustments in the marketing system and in
international trade agreements. Technological changes have encompassed
advancement in record keeping, breeding, feeding and milking systems, and nutrition.
These changes have contributed to a sharp decrease in the number of farms, an
increase in the average herd size, increased farms’ specialisation in milk production, a
rise in the proportion of high-yielding breeds, more mechanisation and high quality
breeding (Fox et al. 1992).

The impact on the size of the dairy sector has been significant. In Canada, over
the last 25 years approximately one farm out of six has remained in the sector, with
small dairy farms showing the greatest decline in numbers (Agriculture and Agri-Food
Canada, 1996). In Alberta, the number of dairy cows has decreased from 250,000 in
1965 to less than 100,000 in 1998, while total milk production has doubled over the
same period from 300 million litres to almost 600 million litres. This translates to a five-
fold increase in milk per cow (Cameron & Gould, 1998).

In terms of the international trade environment, there are significant prospects for
gradua! elimination of import controls for dairy products. These changes are provided for
under both the General Agreements on Tariffs and Trade (GATT)World Trade
Organisation (WTO) and the North American Free Trade Agreements (NAFTA)
(Barichello et al. 1996). The GATT/WTO Uruguay Round Agreements (URA), for
example, required a shift away from non-tariff barriers, which for Canada implied a shift
from import quotas to tariffs. The Canadian dairy sector is affected by these regulations
because it is one of the most protected sectors in Canadian agriculture. In 1996, the

representatives of Canadian dairy farmers successfully defended the existing tariff rates
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on imports of milk and milk products against a U.S. challenge before GATT/WTO.
However, with the implementation of NAFTA, farm programmes are being increasingly
criticised (Amara et al., 1999) With further pressure for tariff reduction under NAFTA,
tariffs may decrease more quickly, thereby exposing Canadian industry to competition
from the U.S. (Barichelio et al., 1996). Furthermore, the U.S. launched a GATT/WTO
challenge of Canada’s new dairy export policy in August 20002 While the WTO initially
ruled in favour of the U.S. in July 2001, in December 2001 Canada won an appeal
against the WTO ruling.® As Cordon (2002) notes, the case called into question whether
any government can maintain a regulated domestic market for agricultural products
without violating international trade rules.

In addition to the changes in the international environment, there have also been
changes in the domestic policy environment. In 1995, Canadian dairy stakeholders
implemented regional pooling of market returns, administered by the Canadian Dairy
Commission®. Further deregulation may entail the inter-provincial transfer of quotas,
enhancement of multiple-component pricing, and ultimately, the complete removal of
barriers to inter-provincial trade. Wholesale pricing is already deregulated to the extent
that milk pricing is no longer regulated beyond the farm gate. Furthermore, because of
budgetary restraint, the federal subsidy to producers for industrial milk was phased out,
being finally eliminated on January 31, 2002 (Canadian Dairy Commission, 2002).

Not withstanding the significant productivity growth that has occurred in the

Canadian dairy industry, this productivity growth would have been even greater in the

2 This new export policy was geared at encouraging exporters to contract directly with producers
outside the control of provincial marketing boards.

® If the original ruling had been upheld, the US and New Zealand would have been allowed to
levy more than $ 1 billion trade sanctions against Canada (Cordon, 2002).

* The regions are divided into two pools, namely the Eastern and Western pools. The Eastern
pool include the provinces of Manitoba, Ontario, Quebec, New Brunswick, Nova Scotia, and
Prince Edward Island and the Western pool include the provinces of Saskatchewan, Alberta, and
British Columbia, and Northwest Territories.
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absence of supply management policies. For example, evidence shows that supply
management has slowed the growth of the Alberta dairy sector (Richards, 1993). In this
regard, Richards observes that any intervention that slows the rate of productivity growth
will cause the production costs to be higher than they would otherwise be, thereby
ensuring inefficiency in production.

Regulatory and technology influences have contributed to structural changes in
the Alberta dairy sector over time; specifically, they have led to fewer farms with larger
herds and more productive cows. In Alberta, although the provincial average daily milk
shipment has steadily increased, the number of fluid milk producers has continued to
decline. In 1995-96, there was a 5% decrease in the number of producers, with a further
4.25% decline occurring in 1996-97. However, the remaining producers increased their
milk shipments by 7.89% and 7.08% in 1995-96 and 1996-97, respectively. The Alberta
Dairy Control Board registered and licensed 37 new producers in 1995-96, in spite of the
net decline in the total number. Moreover, overall production increased from 571 million
litres to 586 million litres in 1995-96, which increased further to 608 million litres in 1997-
98. The number of producers declined further by 8%, as shipment per producer
increased from 1,557 to 1,706 litres per day in 1997-98 (Alberta Dairy Control Board,

1996, 1997,1998).

1.1.2 The Economic Problem

The regulatory and technological changes faced by dairy producers are likely to continue
into the future. North America and the North American market in dairy products are
gradually moving toward free trade. With reduced protection, the ability to sustain the
Canadian dairy sector will depend on the producers’ competitiveness (Richards &
Jeffrey, 1996). Barichello et al., (1996) contend that the Canadian dairy sector will

undergo a significant rationalisation if cost improvements are not made over the period
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allowed by GATT/WTO for tariff reduction. This will result in an increased share of output
being produced by regions that are able to successfully compete with producers in other
countries and other provinces. In a more competitive environment, the viability of the
sector can be maintained if producers are highly efficient.

Both technical and economic efficiency are crucial to production, marketing and
trade. Free trade and other changes will work in favour of the more efficient dairy
producers and processors. This will result in an increased need to emphasise efficiency
and management practices that contribute to greater efficiency.

Alberta dairy farmers need to address a two-fold question: how efficient are their
farming practices and what factors determine their levels of efficiency? To date,
information addressing efficiency and management practices of Alberta dairy farmers
has been insufficient. First, most applied studies on efficiency in dairy production have
not dealt with Alberta. Second, most of those that have dealt with Alberta are not
rigorous in their approach (e.g., Jeffrey, 1992; Barichello et al., 1996). Those that have
been rigorous have focused only on technical efficiency (e.g., Jeffrey and Richards,
1996). Lastly, studies have tended to rely on a limited sample or time frame (e.g., Jeffrey
& Richards, 2000). As a result, there is need to examine both technical and economic
efficiency in Alberta production, and to identify management factors that have influenced

efficiency in the extended time frame.

1.2 Objectives and Significance of the Study

The overall objective of this study is to determine the efficiency — technical as well as
economic — for milk production in Alberta.
The specific objectives of this study include the following:

e to estimate dynamic production and cost frontiers for Alberta dairy production;
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e to compute technical and economic efficiency and establish their degree of
variability among a sample;

o to identify factors that have influenced technical and economic efficiency in milk
production of Alberta dairy farmers;

¢ to test for the optimality of scale of operation.

e to test the impact of different methodological assumptions about stochastic
frontiers; specifically,

a) The choice of functional forms that represent production and cost frontiers for
Alberta dairy farms;

b) A comparison of technical and economic efficiency levels from different
estimations;

c) A test of the extent to which random factors account for production and cost of
Alberta dairy milk production, that is, the extent to which the frontiers depart from
the respective deterministic kernels;

d) Examination of the effect of alternative distribution assumptions of the
inefficiency error term on the estimated frontiers, efficiency levels and
performance ranking of farms.

The results of this study may be useful in several respects. Alberta dairy producers
may use recommendations concerning technical and socio-economic factors that are
important for efficient dairy production to assess their own management practices
relative to “efficient” practices. This may lead to improved levels of efficiency. Moreover,
to maintain a viable dairy sector, the Alberta producers will need an edge over economic
rivals in both technical and economic efficiency. By complementing information
contained in other studies, this study may help to indicate how the Alberta dairy

producers fare in comparison with potential competitors.
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In addition, none of the previous studies that have analysed productive efficiency
for Alberta has tested the methodological assumptions noted above. Therefore, the
results of the study will add to and complement those of studies that have approached
the producers’ efficiency in a static setting in analysing Alberta dairy producers and by
shedding more empirical light on some methodological assumptions related to efficiency

analysis.

1.3 Organisation of the Study

The study is organised in five chapters as follows. Chapter 2 discusses technical and
economic efficiency from the theoretical and analytical perspectives. Initial definitions of
efficiency are provided, followed by reviews of the theoretical framework for both
technical and economic efficiency. The chapter finishes with a review of empirical
studies in Canada and the U.S. Chapter 3 provides a detailed discussion of the empirical
methods used in the study, elaborating on the models and pertinent methodological
issues. The first part develops the stochastic models for production and cost frontiers,
as well as the measures of technical and economic efficiency, using econometric
techniques. The second part of the chapter provides a discussion related to the data
used in the study. In Chapter 4, the results from the estimation of models are presented
and discussed. Chapter 5 provides a summary, recommendations and conclusions of

the study.
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Chapter 2. Technical and Economic Efficiency: Theoretical and

Analytical Framework

2.1 Definitions of Efficiency

The examination of efficiency dates back to 1951 in the works of Debreu and Koopmans.
While Koopmans (1951) provided a definition of technical efficiency, Debreu (1951)
introduced its first measure with the “coefficient of resource utilization”. Following on
Debreu, Farrell (1957) developed a rigorous method of measuring relative technical and
economic efficiency. For this, he estimated the production frontier, a function for “fully
efficient” firms in that they produce maximum output, given a certain amount of inputs®.
Farrell argued that the efficiency of a firm constitutes two components: technical
efficiency and allocative efficiency. Technical efficiency (TE) reflects the ability of a firm
to obtain maximum output from a given set of inputs. Hence, technical inefficiency refers
to the inability of a firm to use a set of inputs to generate the highest attainable output
from those inputs. In other words, the firm fails to produce at the outer bound of its
production function. Allocative efficiency (AE) reflects the ability of a firm to use inputs in
optimal proportions, given their respective prices. Allocative inefficiency therefore arises
when a firm fails to take advantage of using substitutable cheaper inputs to incur the
minimum cost of production. A firm's efficiency may be a combined effect of TE and AE.

This combined effect is termed economic efficiency (EE), and is measured as a product

of TE and AE.

® Alternatively we may say that the efficient firm uses minimum levels of inputs to produce a stipulated
level of output.
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2.2 Theoretical Basis for Technical Efficiency and Economic Efficiency

2.2.1 Technical Efficiency

The basis for technical efficiency is producer theory. Consider a producer employing a
number of inputs x=(xs, ...X,) that it purchases at given input prices w=(w;...w,)>0 to
produce a single output g that it sells at a fixed price p>0. This producer would transform
inputs into output efficiently along a production function f(x), a function that shows
maximum output obtainable from the inputs used in production. This function f(x} is the
production frontier, as it characterizes output-maximizing behaviour of an efficient
producer, thereby placing theoretical limits on the possible values of the function

(Forsund et al., 1980).
If a firm produced its output with a production plan(g°,x°), such a plan would be
termed technically efficient if g° = £(x°) and technically inefficient if ¢° < f(x°). Thus,

given the production of efficient firms, f(x°), TE would be measured theoretically as

0
0<—21 _<1.1In practice, however, we estimate the production of efficient firms (i.e.,

f(x®)

firms operating on the production frontier) from sample data.® Thus, technical efficiency
is the ratio of a firm’s mean output to the corresponding mean potential output (i.e., its
mean output if it were to utilise the levels of inputs efficiently), conditional on both the
levels of factor inputs being used and inefficiency effects (Battese & Coelli, 1988).

Simply stated, it is the ratio of the observed output for the firm, relative to the potential

output defined by f(x°).

®According to Coelli (1995b), estimating the production function directly is justified if we assume that 1)
the input levels are fixed and the firm's management is attempting to maximize output given these

inputs; or 2) the management is selecting the levels of inputs and output to maximize expected (rather
than actual) profit.
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2.2.2 Economic Efficiency

Measurement of economic efficiency is coupled with TE and AE, as introduced by Farrell
(1957). Farrell’s measures of economic efficiency are based on the unit isoquant, which
defines the input ratios associated with the efficient input usage in producing a unit of
output, thereby representing a production frontier. Farrell (1957) argued that if the
production frontier had constant returns to scale, then the observed input-per-unit of
output values for technically inefficient firms would be above the unit isoquant.

Moreover, since along any given isoquant the firm will be allocatively efficient if it
combines inputs to produce output in a way that minimizes its cost, Farrell associated
deviations from the cost-minimizing input ratios (along any particular isoquant) with
allocative inefficiency. A given combination of inputs and output is therefore
economically efficient if it is both technically and allocatively efficient; that is, when the
related input ratio is on both the isoquant and the expansion path.

A technically efficient firm may not necessarily minimize its cost of production;
hence it may not necessarily achieve economic efficiency. If the firm uses inputs without
paying regard to their relative prices, it may achieve technical efficiency, but it may not
achieve allocative efficiency (Richards & Jeffrey, 1996). This contention is clarified with
the aid of a diagram below.

In Figure 2.1, the curve SS’ is an isoquant, representing technically efficient
combinations of inputs, x; and x,, used in producing output q. WW’ is an isocost line,
which shows all combinations of inputs x; and x, such that input costs sum to the same
total cost of production. Since the efficient isoquant represents the production frontier, all
points on SS' are technically efficient. As well as being technically efficient, point E on

the isoquant is also allocatively efficient, as it represents the least cost feasible
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combination of x; and X, in the production of q. Hence at point E the producer is

economically efficient.
S

X2 =3
q = isoquant Aorx® =(X‘A‘ XQA)

Borx® =(x18, sz)

Corx

E or x*=(x,, x,F)

SI

b

oFigure 2.1 lilustration of Technical and Economic Efficiency X
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How do we measure technical, allocative, and economic efficiency? Suppose a
firm is producing its output as depicted by the isoquant SS’ with input combination
depicted by point A in Figure 2.1. At this point production is neither technically nor
allocatively efficient. The degree of technical efficiency for this producer is given by the
ratio OB/OA. The distance between B and A represents the proportional reduction in all
inputs used in production that could theoretically be achieved without any reduction in
output. The producer’s degree of allocative efficiency is measured by the ratio OC/OB,
which follows from the interpretation of CB, the distance along the ray OA between the
isoquant and the isocost line. This distance is the proportion of cost that the producer
would save if fully efficient at E, rather than technically efficient, but allocatively
inefficient, at B. Hence, CB/OB represents the extent of cost reduction from reallocating
inputs to eliminate allocative inefficiency at point B. In other words, OC/OB is the level
of allocative efficiency.

The degree of economic efficiency for the producer at A is given by the ratio
OC/OA. This measure follows from interpretation of the distance CA as the reduction in
cost that would occur if a technically and allocatively inefficient producer at A were to

become efficient (both technically and allocatively) at E. It is equally measured as the

product of technical and allocative efficiency. EE = —O—B . —0—9 = 9—(’:

OA OB 04
The measurement of economic efficiency necessitates the use of dual forms of
the production technology, such as the indirect cost or profit function. These forms
reflect alternative behavioural objectives (i.e., cost minimisation or profit maximisation)
and can account for muitiple outputs (Greene, 1993; Coelli, 1995a).
The cost function c(q, w) = min , {wx | £ (x) 2 q, x > 0} represents efficient

production technology, under certain regularity conditions (as a profit function
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equivalently does under different regularity conditions).” This function shows the

minimum money outlay that is required to produce output g if input prices are given by

the vector w. By invoking Shephard’s Lemma, factor demand functions x, *(q,w), i=1,

oc Oc oc
ow ow] " ow

2, ...n are obtained from ;wc(q, w?) s[ ] a vector of derivatives of

the cost function with respect to each input price, i.e., x*(q,w) = ;wc(q,w), provided that
the derivatives exist. The factor demand functions x * (g, w)represent the level of input

use by an economically efficient producer to produce a given amount of output g if input
prices are w.

To be consistent with relevant economic theory, the cost function must satisfy
certain regularity conditions. Specifically, the cost function is non-decreasing in output,
linearly homogeneous in input prices, monotonically increasing in prices, and concave
and continuous in prices. The last condition implies that the Hessian matrix of the
demand functions must be negative semi-definite, which in turn implies that the input
demand functions are negatively sloped and the cross price elasticities are symmetrical
(Chambers, 1988).

A firm may fail to minimize its costs of production by being technically inefficient,
allocatively inefficient or both. If the firm uses inputs excessively, operating at the wrong
scale, it will spend more than is necessary, without getting maximum output from the

0

level of inputs used. Such a firm is not minimizing its costs (i.e., w’x~ > c(qO,w) ), and it

is technically inefficient. If the firm uses inputs in the wrong proportions, relative to what

"Since milk production in Alberta is controlled by a system of milk supply-management quotas, it is
plausible to assume, at least in the short run, that farmers minimize cost subject to a fixed output
constraint (Moschini, 1988; Richards & Jeffrey, 1998). In addition, the fact that cost minimization
requires input price exogeneity, the analysis entails competitive firm behavior.
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would be suggested by optimising conditions, it will fail to minimize costs of production,

and will certainly be allocatively and economically inefficient.

The firm with a production plan (qo,xﬂ) is allocatively efficient when

[ix%) __w
fj(xo) w;

v ij=1,2...n i= (assuming f is differentiable); that is, when the marginal

rate of technical substitution between each pair of inputs is equal to the negative ratio of

S LW

the corresponding input prices. Allocative inefficiency therefore implies .
£ W,
Since a firm is both technically and allocatively efficient when the observed cost equals
the minimum cost c(qo,w) then at that point the observed input usage x° equals the
cost-minimizing input demand x,.' (¢°,w). A combination of technical and allocative

. . o . *
inefficiency causes x; Zx,.‘(q‘),w) for some inputs, but it may cause x’ < x; (g°,w) for

other inputs.

2.3 Approaches to Measuring Efficiency

Farrell’'s (1957) work gave rise to a proliferation of studies that have applied, extended or
refined frontier modelling.? Bauer (1990) attributes the widespread use of frontier
modelling to three factors. First, a frontier is consistent with the underlying theory of
optimising behaviour. Second, deviations from the frontier are interpreted as a measure

of the efficiency with which economic units pursue their technical or behavioural

® Since Farrell's (1957) original work, hundreds of studies have been undertaken using a variety of
approaches. These studies have typically involved the use of either cross sectional or panel data to
measure TE and/or AE. Studies that have estimated stochastic frontiers have made a number of
distributional assumptions for the random variables involved and have considered various estimators
for the parameters of the models. A survey of these studies is provided in papers by F¢rsund et al.
(1980), Battese (1992), Bravo-Ureta and Pinheiro (1993), and Coelli (1995a).
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objectives. Third, information about the structure of the frontier and about the relative
efficiency of economic units is useful for policy analysis.

In estimating frontiers and measuring efficiency, researchers have taken either a
parametric or non-parametric approach, using either deterministic or stochastic
estimation methods. The parametric and non-parametric approaches differ in three
respects. First, the non-parametric approach does not impose a functional form on the
data. Second, it does not make assumptions about the distribution of the error term that
represents inefficiency. Lastly, the estimated non-parametric frontiers have no statistical
properties on which to be gauged.

Deterministic estimation methods attribute any deviations from the frontier as
resulting solely from inefficiency. Inefficiency of a firm in this respect is therefore defined
as the proportion by which the level of production is less than the estimated frontier
output. By failing to account for the possibility of random influence, deterministic frontiers
are particularly sensitive to outliers and measurement errors. Conversely, stochastic
estimation methods involve specification of a probabilistic frontier that takes into account
the possibility of variation in output due to factors not under the firm’s control (e.g.,
measurement errors, weather, disruption of supplies, topography, etc.).

Farrell's original approach was deterministic and non-parametric. This simple
linear programming method was extended and applied by Farrell and Fieldhouse (1962),
Seitz (1970, 1971) and Todd (1971). Charnes et al. (1978) extended and refined this
approach into what is now referred to as Data Envelope Analysis (DEA). With DEA, a
researcher constructs a non-parametric frontier that envelops the data points such that
all observed points, for example, lie on or above the cost frontier, or on or below the

production frontier.
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Coelli (1995a) observes that DEA methods have been extended and applied in a
large number of papers, especially in management science and service industries.’
These methods, in addition to having the advantages of the non-parametric approach,
enable one to estimate efficiency for multiple-input multiple-output technologies. In
agricultural economics applications, however, DEA methods have not been as popular

as stochastic frontier analysis (SFA)™.

2.3.1 Production Frontiers (Measuring TE)

Aigner and Chu (1968) introduced a deterministic method for estimating parametric
production frontiers, by estimating a Cobb-Douglas production frontier using
mathematical programming techniques. This entailed minimizing the sum of absolute
residuals (linear programming) or the sum of squared residuals (quadratic programming)
subject to the constraint that all residuals be negative. However, the frontier they
estimated was supported only by a subset of data and was therefore sensitive to
outliers. Aigner and Chu suggested that one could solve this problem by discarding a
few observations.

Timmer's (1971) solution to this problem was to drop a percentage of firms
closest to the estimated frontier in order to reduce impact of outliers. This approach has
had few followers to date, probably due to the arbitrary nature by which the observations
to be omitted are selected (Coelli, 1995a).

Afriat (1972) made assumptions about x (the vector of explanatory variables) and

u (the error term of the production function) and used econometric techniques to

®Details of DEA and a review of studies that have utilized it are found in Seiford and Thrall (1990) and
Ali and Seiford (1993). See also Coelli (1995a) for a short discussion of DEA.

°The reviews by Battese (1992), and Bravo-Ureta and Pinheiro (1993) show a lack of adoption of DEA
in the agricultural economics literature. A survey of studies between 1985 to 1994 by Coelli (1995a) on
applications of frontiers to agriculture constituting a total of 15 countries lists 27 stochastic frontier and
only 3 DEA applications.
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estimate a deterministic statistical frontier."" Afriat assumed u to be independently and
identically distributed (iid) and x to be independent of u. In addition, he suggested a two-
parameter beta distribution for v and the estimation of the model by maximum likelihood
(ML) methods.

With the functional form for the deterministic model specified, a set of parameter
estimates, B, for the frontier is estimated by ML estimators or by corrected ordinary least
squares (COLS) (Richmond, 1974). However, with the exponential or half normal
distributions for the u;’s, one cannot make inferences about the § parameters from
maximum likelihood estimates (Schmidt, 1976; Greene, 1980). This is because the
process violates the regularity conditions, which ensure that estimators obtained using
maximum likelihood methods are consistent and asymptotically efficient.

As noted earlier, deterministic methods attribute all deviations to inefficiency,
which is a potentially limiting assumption. This limitation is addressed by stochastic
parametric frontier methods (Aigner et al., 1977; Meeusen & van den Broeck, 1977). The
error term of the stochastic model is assumed to have two additive components: a
symmetric component accounting for pure random factors and a one-sided component
that captures the effects of inefficiency relative to the stochastic frontier. Moreover, the
mode!l meets regularity conditions, which permits estimation of standard errors and tests
of hypotheses. As a result of these properties and advantages, this study uses
stochastic estimation methods to examine productive efficiency for Alberta dairy farms.

For a production frontier, the Aigner et al. (1977) stochastic model is defined, for

a sample of N firms, as

O, =f(xi;ﬂ)e(sl) (2.1)

" Aigner and Chu’s (1968) model, although parametric, did not make explicit these assumptions.
Hence, no statistical properties for the “estimators” resulted from it (Schmidt, 1976).
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where Q; is the possible (i.e., efficient) production level, which is bounded by the
stochastic quantity f(x;B)e" ; f(x;p) is a suitable function for a vector x; of factor inputs
and other explanatory variables associated with the i firm and a vector B of unknown
parameters, and ¢, =v, —u,, where the v;’s are errors accounting for random variation in
output across firms due to factors beyond the firm's control. These errors are assumed
to be N(0,02)random variables' and independent of the u;’s. The u;’s are errors that

reflect technical inefficiency relative to the stochastic frontier; they are typically assumed

to follow either an exponential distribution or a half-normal distribution (i.e., non-negative
truncation of the N(0,07) distribution), where technical inefficiency of the i firm is

defined as

TEi= Vi =exP(x,~,3—ui)
exp(x;8)  exp(x, )

=exp(,) (2.2)

The estimated efficiency measures from stochastic frontier analysis are sensitive
to the assumed distribution for u. Meeusen and van den Broeck (1977) assumed u;'s to
have an exponential distribution and showed that their model was not as restrictive as
the one-parameter gamma distribution considered by Richmond (1974). Still,
researchers have not been able to justify a priori the selection of any particular
distributional form for u;. To alleviate this problem, some have specified distributions that
are more general, the most common ones being the truncated normal (Stevenson, 1980)
and the two-parameter gamma (Greene, 1990). These distributions and the sensitivity of

efficiency measures to alternative distributional assumption are discussed further in the

next section (Sec. 2.3.2).

"?Stochastic variation in output is reflected in the magnitude of the variance, .2 If 6,2 were 0, the
frontier would be deterministic.
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In a majority of cases, empirical studies have used the half-normal specification
for u;, consistent with the Aigner et al. (1977) model (Coelli, 1995a; Bauer, 1990; Bravo-
Ureta & Pinheiro, 1993). Aigner et al. (1977) derived the log-likelihood function for their
model in equation (2.1) under the assumptions outlined above. Because the standard
regularity conditions hold (i.e., the conditions that are required to ensure that estimators
obtained using maximum likelihood methods are consistent and asymptotically efficient),
Aigner et al. (1977) used the maximum likelihood (ML) estimators to make inference
about the parameters of the model. In computing the estimates, Aigner et al. (1977)

expressed the likelihood function in terms of the variance parameters,

o’ =0, +0, (2.3)
0_2
and A= 0_‘; (2.4)

with the truncated half-normal distribution for u; and the assumed symmetric distribution

for v;. This likelihood function is given as

N X ') 1 &,
InL="—In(z/2)-Nino + Y In| 1-¢(-—=) [-—5> " & (2.5)
2 i+l o 20° 5

where N is the number of observations, g=v-u;, consistent with the overall error term in
(2.1), ¢(.) is the standard normal probability density function, and o, A are defined as

before. However, A is very large o} is large relative to o, and in the extreme when

ol =0 A will be equal to infinity. Since A is non-negative, Battese and Cora (1977)

replaced it with

0_2

y=— (2.6)
o
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the values of which lie between zero and one. This provides the opportunity to search
the parameter space of y for a suitable starting value for an iterative algorithm in
maximizing the function (Coelli, 1995b).

The loglikelihood function in terms of y, as shown by Battese and Corra (1977), is

given as

In(L) = —%1n(7r/2) —-];’—log(af)+ ﬁln[l -¢(z,)]- 2;2 ﬁ:gg (2.7)

s =1

5

& ’
where z,=— -IL and all other notations are defined as before. The maximum
e

likelihood (ML) estimates of 8, o*>and y are obtained by finding the maximum value of

this loglikelinood function (Coelli et al., 1998).

2.3.2 Efficiency Estimates and Distribution of u/’s

The estimated parameters of the stochastic frontier model above are typically of
secondary importance; of primary importance is the estimate of the inefficiency of firms,
u (Greene, 2000). However, because u;'s are not observable, they cannot be estimated
separately, neither can they be directly disentangled from v/'s in the composite error term
& (=vi-u;).”* Instead, they are inferred by invoking the explicit formula for the expected
value of u; conditional on the composite error term, E(u|v-u)) (Jondrow et al., 1982). The
required computation presupposes knowledge of the distributions of both v; and u;. While
the consensus in the literature is that the random component v; is independently and
identically distributed with a normal distribution N(0, avz), the selection of a particular

distribution for the inefficiency component u; cannot be justified a priori, as noted above.

 This composite error term is for the stochastic production frontier. For the stochastic cost frontier, the
error term would be e=v; + u;
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Thus, to estimate the inefficiency of farms, several distributions for the inefficiency error
term u; have been proposed in the literature, and used in empirical work.

The distributions that have been proposed include the half-normal (Aigner et al.,
1977), exponential (Meeusen & van den Broeck, 1977), truncated-normal (Stevenson,
1980) and gamma (Greene, 1990). The half-normal N*(0, 0.%) and exponential Ex(6) are
relatively simple one-parameter distributions, rendering them easy to use, while the
other two are more general distributions, with the potential advantage of providing
flexibility with respect to the distributions of the inefficiency error term (Greene, 2000;
Rossi & Canay, 2001). The truncated-normal N*(u, 0,?) distribution is a generalization of
the half-normal such that its mean (or mode) u is allowed to be non-zero, whereas the
gamma is an extension of the exponential distribution. The gamma distribution, however,
has been used with limited success because of the complexity of its loglikelihood
function (Greene, 2000). Ritter and Simar (1997) point out that the procedure for
maximizing the loglikelihood function (Greene, 1990) for the gamma distribution is not
sufficiently accurate and that even an accurate estimator would still suffer from
identification problems'®. Therefore, this study investigates the use of the three
distributions (half-normal, exponential, and truncated normal) that have been used
successfully in empirical work.

Graphical representations of the half-normal, exponential, and truncated-normal
distributions, for selected values of the parameters'®, are provided in Figures 2.2 to 2.4.
The exponential distribution of u; is characterized by the standard deviation parameter,

o,, on whose value the probability density depends:

" Greene (2000) acknowledges the problem of estimating his model and proposes an alternative
approach based on the method of simulated maximum likelihood estimation, as contrasted to direct
maximization of the loglikelihood function that was criticized by Ritter and Simar (1997). This new
ag)proach has not yet been used.

' The values used for the graphs are the same as those in Kumbhakar and Lovell (2000).
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Fwy=——. exp{— -’f—} ,u0 (2.8)
(o2 o

Figure 2.2 shows exponential distributions corresponding to three different values of the
standard deviation parameter, o, (=0.2. 0.5 and 1), showing their probability density near
zero decreasing with increasing variance. The half-normal distribution also depends on

aU,

f(u) = «/%a -exp{—— Eu;j} u>0 (2.9)

The half-normal distributions shown in Figure 2.3 correspond to similar values of o,
(=0.2. 0.5 and 1) as in Figure 2.2. As is the case for the exponential distributions, the
proportion of probability density near zero of the half-normal distributions increases with
decreasing variance. This has the economic implication that the majority of firms are

almost efficient (Rossi & Canay, 2001).

The truncated-normal distribution, in contrast to the distributions discussed above,
depends on two parameters o, and u, where the latter is a placement parameter (mean

or mode). Its density function is given by

1 (u—p)’
= . —_ 20 i
s N2no,®(-u/o,) exp{ 20 } ! (219)

u

This is the density function of a normally distributed random variable with either a zero or
a non-zero mean y, truncated at zero. Figure 2.4 shows two truncated distributions for a
zero value and a positive value of y when o, is set to unity. The distribution with the
higher density in Figure 2.4 has a shape exactly similar to one half-normal distribution in
Figure 2.3. This truncated distribution corresponds to the value u=0, which, given o,

reduces to the half-normal density function (i.e., the one in Fig. 2.3 for which ¢,=0.2).
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However with u >0, given o, the probability density near zero decreases and the
distribution assumes a longer tail, implying that the truncated-normal distribution will rank
fewer firms as almost efficient than is the case for the half-normal distribution.

The point estimates of technical (economic) inefficiency for stochastic frontiers
are obtained from the conditional distributions of u; given the total composite error, ¢;

(Jondrow et al., 1982).

f(u|8)=—f;u(;8)"?) (2.11)

The marginal density functions of £, f(¢), are derived as the marginal density
functions of the joint density functions of € and u as follows: (Kumbhakar & Lovell,
2000).

1) Exponential Distribution

For the Exponential Distribution, the following distributional assumptions are invoked
a) v;~iid N0, &%)
b) u;~ iid exponential
¢) v;and u; are distributed independently of each other and of the regressors

The joint density function of u and v, f(u,v), is the product of their individual

density functions f(u) (Eqn. 2.8) and

fv)= 7271?: : exp{— %} (2.12)

which, given the independence assumption of u and v, is given by

1 u v?
U, V) = e - Xy — e — 2.1
) V2ro,0, XP{ o 20'3} (2.13)

u
From & =v-u (production frontier), v is expressed in terms u and € as

v=¢&+u, (2.14)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

1 7] 1 2
R R (2.15)
Hence, f(u,€) N Xp{ - 202( )}

u v

Thus, the marginal density function of ¢ for the exponential distribution is

7= [ fedu= [Gij : d)(—o_i -g—] : exp{;— + 2?2 } (2.16)

u u u

where o = (o> +0?)"?, A=0,/0,,' and ®() and ¢(")are, respectively, the standard
normal cumulative distribution and density functions. Hence, for stochastic frontiers, the
shape of the exponential distribution is determined by the standard deviation
parameters, ¢, and o,.
2) Half-Normal Distribution

a) and b) The assumptions on v; as iid normal and on the independence of u; and v;

are the same as for the exponential distribution

c) u;~ iid N*(0, o,%); that is, non-negative half normal.

Given the independence of u and v, the joint density function is given by the product of

their individual density functions f(u) (Eqn. 2.9) and f(v) (Eqn. 2.12)

2 ut Y
u,v) = 4= - 217
A 2700, { 20} 20'5} @10
Therefore,
2 u>  (e+u)’
U,E) = ——— - eXps— - 2.18
Jwe) 2700, p{ 267 20! (2.18)

Thus, the marginal density function of € for the half-normal is given by

'® As Kumbhakar and Lovell (2000) explain, A indicates the relative contribution of u and v to . As A —
0 either 6,> > +00 or 6,° - 0, and the symmetric error component dominates the one-sided error
component in the determination of e. This indicates the case of OLS frontier function (without efficiency
effects). Moreover, as A — +oo either 6,2 - + or 6,2 - 0, and the one-sided error component

dominates the symmetric error component in the determination of €. This indicates the case of the
deterministic frontier (with no noise).
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_ I PO =72 B -
f@&)= [ fwe)du= T {1 (D(a)] exp{ 202} (2.19)

where o =(c2 +02)"?, A=0,/0,, and ®() and ¢()are, respectively, the standard
normal cumulative distribution and density functions. Hence, the same standard
deviation parameters ¢, and o, determine the shape of the half-normal distribution, as in
the case of the exponential model.
3) Truncated-Normal Distribution
Since the truncated-normal model allows for a non-zero mode, it contains an additional
parameter, p, for its mode (mean).

The density f(v) of the truncated normal is the same as that of the half normal
distribution (Egn. 2.12) and the density function f(u), for u>0, is given by equation 2.10.

Thus the joint density function of u and v, given their independence, is given by

f(u,v) 1 exp{— (u —l:)z _Y } (2.20)

B 270 ,0,0(-ulo,) ' 20 20

u

and the joint density of u and ¢ is given by

fu,€) = ! exp{— ( "’?2 - (‘”“)2} (2.21)

2n0,0,®(-ul/oc,) ‘

Hence, the marginal density of ¢ is given by

_ 1 o L) el EF)
1O freocaion (D(aﬂ o) exp{ 257 }

=_1_.¢(8 + "J . (p(_é‘_ _ﬂ) . {q,(_ ij] (2.22)
c o oA © o,

where o, A, ® and ¢(-) are defined as before. Thus, in addition to the standard deviation

parameters, o, andg,, the truncated-normal distribution for the stochastic frontier has a

placement parameter, p, that signifies the difference between the truncated-normal and
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half-normal marginal density functions. If p=0, its marginal density function reduces to

the half normal marginal density function.

2.3.3 Cost Frontiers (Measuring TE and AE)

The Aigner et al. (1977) model has a logical extension; specifically, an offshoot adapted
for stochastic cost frontiers. Schmidt and Lovell (1979) developed this model by
specifying a single-equation stochastic cost frontier of the form

Inc, =Inc(g,,w,) +v; +u, (2.23)
where ¢;is the observed cost for firm i (i=1, . . .,N); q; is a vector of output; w; is a vector
of input prices for firm i; u; is a one-sided error term (i.e., positive for cost frontiers)
capturing the effects of inefficiency; v; is a two-sided random error accounting for

variation in costs due to stochastic factors; c(q;, wi) is the deterministic part of the cost

equation; and c(q;, w;)e" is the stochastic cost frontier. Economic efficiency, which is

estimated along with the stochastic cost frontier is defined for the i firm as,

E = exp(x; 8 +u;)
© exp(x,5)

=exp(y;) (2.24)
where x; is a vector of explanatory variables, including input prices and output.

Schmidt and Lovell (1979) specified a Cobb-Douglas technology for steam
electric generating plants and demonstrated that a researcher could estimate the single-
equation cost function using either maximum likelihood (ML) or corrected ordinary least
squares (COLS) techniques in a manner similar to the estimation of stochastic
production frontiers. In addition, they suggested the use of ML systems involving the
cost function and K-1 factor share equations, K being the number of inputs. These

systems provide more efficient estimators than the single equation estimators (Bauer,

1990; Coelli, 1995a).
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The cost system that Schmidt and Lovell suggested is given by the following

equations:
Inc, =Inc,(g;,,w;)+InT, +In 4, +v, (2.25)
g =5;(q,w)+e; for j=12,. k-1 (2.26)

where ¢; is the observed cost; c¢(q;,w) is the deterministic minimum cost frontier; q; is a
vector of outputs; w; is a vector of input prices; u=InT; + InA;; InT; is a non-negative term
that reflects the increase in cost due to technical inefficiency; InA; is a nonnegative term
reflecting the increase in cost due to allocative inefficiency; v; represent random errors;
s{( . ) is the observed cost share for the th input; e; are the random errors in the th input
share equation; and K is the number of inputs.

This system has a number of relevant characteristics (Bauer, 1990). First,
technical and allocative inefficiencies in the cost equation (2.25) increase observed cost,
and therefore are one-sided. The firm will be allocatively inefficient by over or under-

utilizing the inputs. The random errors v, however, can be positive or negative, implying

that they could either increase or reduce the cost of production. Secondly, e

o @

combination of random errors and allocative inefficiency in the share equation (2.26),
may increase or decrease a given input’s cost share, a result of the former’s stochastic
nature. Also, technical inefficiency does not appear in the input share equations because

output is assumed to be exogenously determined. Thirdly, since both allocative

inefficiency 1In 4; in the cost equation and e; in the factor share equations amount to the

added cost of inefficiency, they are functionally related. While In4;, is the total
inefficiency related to the misallocation of the inputs, each ¢; has a component of

allocative inefficiency that is accountable to a particular input, which may be negative or
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positive depending on whether the input is under- or over-utilised relative to the cost-

efficient input demands.

2.3.4 Cost System Approach and the “Greene” Problem

The “Greene” problem lies in analysing the error terms of the cost system
(Greene, 1980), introduced in the previous section. Specifically, it relates to determining
the most appropriate approach to model the relationship between InA; and e;, the terms

. that incorporate allocative inefficiency in the cost function and input share equations.

~ While in the cost function the allocative inefficiency is one-sided, in the input share
equations the error term (composed, in part, of allocative inefficiency) is two-sided. The

| relationship has been modelled using three alternative approaches (Bauer, 1990). The
first is to rigorously derive the analytical dependence between the allocative inefficiency
terms, e; and InA, (e.g., Schmidt & Lovell, 1979, Kumbhakar, 1988). The second
approach is to assume, as Greene (1980) has done, that the allocative inefficiency error
term in the cost equation is independent of the error terms in the share equations. The
final approach is to model the relationship between all inefficiencies using an
approximating function, imposing an assumed structure (Schmidt, 1984).

Using the analytic solution limits one to examining only self-dual functional forms
(e.g., Cobb-Douglas technology). Schmidt and Lovell (1979) used the Cobb-Douglas
production function to derive the system of cost and factor demand equations and to
functionally map the error terms in the factor demand equations into the allocative
inefficiency error term in the cost equation'. They solve the “Greene” problem through
functionally mapping the disturbances in the factor demand equations into the allocative
inefficiency term in the cost equation. This relationship is expressed as In4=E- In r,

where E is a function of the Cobb-Douglas production function coefficients and the error

"7 Kumbhakar (1988) generalized Schmidt and Lovell's approach to allow for multiple outputs and fixed
inputs.
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term on the factor demand equations and r is the returns to scale (RTS)'. Technical
inefficiency is given as InT =-u/r, a function of the returns to scale and the one-sided
disturbance in the production frontier.

Because the analytic techniques depend on using self-dual functional forms, they
cannot help to solve the “Greene” problem if a more flexible functional form is specified.
Using a translog cost system (with a Gamma distribution for the cost inefficiency error
term) Greene (1980) attempted to deal with the problem by ignoring the link among
allocative inefficiency error terms across the equations. The error terms in the share
equations were assumed to be statistically independent of the inefficiency term in the
cost equation and the former were assumed to have a multivariate normal distribution
with mean zero. Greene’s approach, by ignoring the relationship among the allocative
inefficiency error terms, is not fully efficient statistically. Nevertheless, it does not
necessarily yield worse results than an approach that models the relationship incorrectly
(Bauer, 1990).

Schmidt (1984) developed the approximating method by proposing a
specification that ensures a) InA; = 0 when e; = 0 and b) InA; and e; are positively
correlated for all j. This approach has been criticized as modelling the relationship
incorrectly (Bauer, 1990). Moreover, because the technique yields a complicated
likelihood function, it has never been used to obtain empirical estimates. Melfi (1984)
simplified Schmidt's (1984) specification and obtained a more tractable likelihood
procedure by making no assumptions about the distribution of InA and assuming no

cross correlation among the input share equations, so that InA; is the sum of the squared

M M M
" For a C-D function, q=anx7’e‘, E=[Z(am/r)em+ln[a,+2ame"")] and
=2 m=2

J=

~

0
Mk
SQ

3
n
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errors on all the share equations. Bauer (1985) extended Melfi's approach to a more
flexible estimation technique.

The approximation techniques still have two drawbacks. First, the techniques
require researchers to estimate a large number of parameters, even in cases where
there are a small number of outputs and inputs. Second, use of this approach does not
necessarily lead to better estimates of the cost frontier (Bauer, 1990)".

In the current study, a single equation approach for modelling economic
inefficiency is adopted, as suggested by Coelli (1995a). This approach has the limitation
of ignoring information contained in the system of equations (i.e., cost plus factor
shares). Hence, using a single-equation approach rather than a system-of-equations
estimation is at the expense of sacrificing the opportunity of obtaining more
asymptotically efficient estimates of efficiency and technology. This is offset, however,
by the advantage of not having to estimate a complex system of equations and address
the “Greene” problem. In other words, by estimating a single equation (i.e., the cost

function), the “Greene” problem is circumvented in this study.

2.4 Empirical Efficiency Studies of the Dairy Sector: Canada and US

This section reviews empirical studies of technical and/or economic efficiency for dairy
farms in Canada and the U.S. Discussion of the efficiency studies from these countries
is combined because these countries compete for the Northern American market of milk
and other dairy products. The reviewed studies point to differences in issues such as
definitions of efficiency, methods used to estimate any single type of efficiency, and

choice of functional form or the structure of the error term (Richards & Jeffrey, 2000).

' In addition to Bauer (1990), which forms the basis for the discussion in this section, Greene (1993)
also provides information relevant to this problem.
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Despite the wide spectrum of efficiency analysis, some issues related to efficiency have

not been given sufficient attention, which the present study attempts to address.

2.4.1 Canadian Studies

Weersink et al. (1990) used cross-sectional data for Ontario dairy farms to compute and
decompose TE measures into purely technical, congestion and scale efficiency
measures, using a deterministic non-parametric programming approach. Pure technical
inefficiency results from producing within the isoquant frontier; congestion inefficiency is
due to overutilization of inputs (i.e., MPP< 0); and scale inefficiency is due to deviations
from constant returns to scale. Therefore, pure technical efficiency refers to producing
on the isoquant frontier and scale efficiency refers to producing at the optimal scale of
production from a technical perspective (i.e., being on the right isoquant). In addition to
this decomposition, Weersink et al. (1990) used a censored regression to examine
factors that influence technical efficiency.

They found overall TE to range from 0.65 to 1.00, with an average of 0.92. The
major sources of inefficiency were pure technical inefficiency (0.95 TE on average) and
non-optimal scale of production (0.97 on average). Congestion efficiency did not show
any significant effect. TE tended to increase with the herd size, milk yield, and butterfat
content of milk, and to decrease with greater levels of purchased feed (measured as a
proportion of the total feed input) and over-capitalisation (as indicated by the amount of
debt to total assets and too much machinery and barn capacity).

Romain and Lambert (1992) used 1990 data from Ontario and Quebec sample
farms to estimate a deterministic production frontier (among others). This frontier was
then used for several purposes; to analyse cost of production according to farm size and
yield per cow; to determine the level of TE for dairy farms; to analyse the relationship

between cost of production (COP) and TE; and to investigate factors that influence TE.
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Their results suggested that relative to the least efficient farms in each province,
the costs of production for the most efficient farms are 16% lower in Quebec and 13%
lower in Ontario. For both Quebec and Ontario and for different herd size categories,
increased labour productivity and decreased costs are associated with higher levels of
TE, although they do not indicate significant economies of size. Labour productivity
increases with herd size for all levels of TE. When the level of TE is considered, cash
costs and costs of production are not affected by the size of the farm. Efficient farms
have lower costs of production, a result of their efficient use of production factors. Lastly,
factors that characterise efficient farms, as shown by covariance analysis, include level
of education, participation in milk-recording program, quality of forage, and the year in
which the manager joined a management club; that is, there is high correlation between
efficient farms and these variables.

Cloutier and Rowley (1993) used cross-sectional data (1988 & 1989) from
Quebec dairy farms to estimate a deterministic non-parametric milk production frontier,
using DEA methods. This frontier was used to assess the relative technical efficiency of
Quebec dairy farms, compare efficiency levels between the two years, and check the
sensitivity of the scores with respect to herd size and sample size. They found higher
technical efficiency scores for 1989 (0.91vis a vis 0.88 for 1988). Furthermore, efficiency
scores were higher for small herds than for large ones when examined in the overall
estimation. However efficiency scores for the large herds were greater than for small
ones when the herds were categorised into small (28-39 head) and large (40-60 head)
and separate estimations of efficiency levels conducted. They concluded that the DEA
procedure seems to be unduly sensitive to the size of the sample, which requires more
research to establish the robustness of individual ranking for scores.

Richards and Jeffrey (1996) used pooled cross sectional data from 1989 to 1991

to estimate a parametric stochastic production frontier and a cost equation for Alberta
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dairy farmers. A Cobb-Douglas form was specified and estimated for the production
frontier. As well, a quadratic cost equation was estimated using the AF (iterative OLS)
and composite error (CE) ML method. TE was computed from the stochastic production
frontier and, using OLS techniques, was regressed on variables that would explain its
variation.

For both the CE and AF methods milk output was positively related to levels of
grain and concentrates, hired labour, and family and operator labour. Hay and forage
was also found to exert positive influence on output with the AF method. With respect to
the cost equation, result for the AF method suggested that the variables positively
related to costs included hay, TE, producer age and square of the number of cows. The
CE method showed milk yield and the square of milk yield to have a positive influence
and herd size and TE to have a negative effect. The estimates for average TE were
almost identical between the two methods (i.e., 0.85 for the AF method versus 0.83 for
the CE method). Lastly, technical efficiency was found to increase with milk yield per
cow and capital to labour ratio, and to decrease with producer age.

Richards and Jeffrey (2000) used the same data set (1989 -1991) to estimate a
stochastic parametric cost frontier of the Cobb-Douglas form. They further decomposed
economic efficiency into TE and AE using a method developed by Kopp and Diewert,
(1982). Taking economic efficiency as a measure of performance (a latent variable), they
examined the factors that explain economic performance of farms using the latent
variable model (multiple cause, multiple indicator). The model has one endogenous
variable (performance), five exogenous variables (herd size, square of herd size, yield
per cow, square of yield per cow, and producer's age) and three variables (breed, feed,
and labour) that are used as “proxies” for the unobservable measures; specifically, the

quality of the producer’s breeding programme, feeding programme, and labour inputs,

respectively.
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The results indicated an average TE of 0.94, average AE of 0.96 and average EE
of 0.91. TE and AE, (and hence EE) appear to be very similar among herd size groups.
The maximum economic efficiency herd size in the sample is 70 cows, and maximum
economic efficiency yield occurs at 90.3 hectolitres per cow per year. Constant Returns
to Scale (CRS) could not be rejected in the sample. The study concluded that

~ performance might improve by improving the quality of the breeding programme and
labour productivity. Experience did not exert a significant influence on efficiency.

Mbaga et al. (2000) used Quebec dairy data (categorized between the maize and
non-maize producing regions) to estimate stochastic production frontiers and to measure

~ and assess the robustness of technical efficiency in milk production in relation to the
assumed distribution of the inefficiency error term. In addition, they used the results on
TE measures as a gauge for choosing a dominant functional form among the Cobb-
Douglas, translog and generalized Leontief formulations. The parametric TE results were
then compared with the non-parametric (DEA) results.

The results showed the following. 1) The average technical efficiency measures
were generally high. For example, in the maize region, all TE estimates are higher than
91%. For the dominant form, the average TE ranges between 0.95 and 0.97. 2) The use
of the dominance criterion showed that the generalized Leontief functional form
dominated the Cobb-Douglas and the translog functions. 3) The TE measures from
different functional specifications and across the assumed distributions of the inefficiency
term (half-normal, truncated and exponential) were all high (rank correlation coefficients
>0.947; correlation coefficients >0.92). From these results, Mbaga et al. (2000)
concluded that the functional form and the assumed distribution for the inefficiency error
term were not critical in assessing the ranking of the level of technical efficiency of dairy
farms. 4) The TE measures from parametric estimations were not comparable to those

obtained from DEA as indicated by relatively low correlation and rank correlation
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coefficients (correlation coefficients < 0.5; rank correlation coefficients < 0.6). 5) Results
for output elasticities suggest that for concentrate, forage and labour, the elasticities
decrease input use in both regions; in the maize region, the elasticity with respect to

capital increases with input use, which indicates underutilization of capital in that region.

2.4.2 U.S.A. Studies

Bravo-Ureta (1986) estimated the TE of dairy farms in the New England region of the
United States using a deterministic Cobb-Douglas frontier production function. The
parameters of the production function were estimated using linear programming
methods involving the probabilistic frontier approach (Timmer, 1971). Technical
efficiency levels ranged from 0.58 to 1.00, with an average of 0.82. A Chi-square test
was performed to determine whether technical efficiency of individual farms and farm
size (measured by the number of cows) were statistically independent. The hypothesis
that TE and farm size are independent was not rejected at 1 percent level of
significance.

Tauer and Belbase (1987) estimated technical efficiencies for a sample of New
York dairy farms using 1984 cross sectional data fitted to a deterministic log-linear Cobb-
Douglas function, estimated by COLS. In addition, they regressed the estimated TE
values on variables hypothesized to influence technical efficiency. These were dummy
variables to measure differences in technology (i.e., type of barn and location within the
state and herd size (i.e., number of cows)), proxy variables for management inputs (age
and education), and type of record keeping (e.g., mail-in record keeping system), among
others.

The findings showed that the average farm was 69 percent technically efficient.
Factors leading to greater technical efficiency were found to include favourable location

(i.e., regions with the most productive soils and best weather in the state) and larger
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herd size. Participation in the Dairy Herd Improvement Cooperative (DHIC) and use of
mail-in computerised records resulted in reduced efficiency. However, their model
explained only 9 percent of the variation in efficiency.

Bravo-Ureta and Rieger (1990) estimated and compared results of deterministic
and stochastic frontier production functions using data for 1982 and 1983 from a sample
of dairy farms in the northeastern states of the U.S.A. The parameters of the
deterministic model were estimated using linear programming methods (Aigner & Chu,
1968), maximum likelihood methods on the assumption that the non-negative farm
effects had a gamma distribution (Greene, 1980), and COLS (Richmond, 1974).
Parameters of the stochastic frontier were estimated by ML techniques, assuming the
farm effects had a half-normal distribution (ALS).

The results showed the existence of technical inefficiency for the stochastic
frontier mode! for 1982, which was not significantly different from the frontier in 1983.
Moreover, although the estimated technical efficiency of farms from the three methods
used for the deterministic model showed considerable variability, the values were
generally lower than those obtained by the use of the stochastic frontier. However, the
technical efficiencies by these methods were found to be highly correlated, and gave a
similar ranking of farms.

Khumbhakar et al. (1989) applied a stochastic production frontier to estimate
technical, allocative and scale efficiencies for a sample of Utah dairy farms. This
stochastic production frontier, which included both endogenous and exogenous
variables, was estimated as a system together with the first order condition equations
from profit maximisation (with inefficiency). The endogenous variables included labour
(both family and hired labour) and capital (the opportunity cost of capital expenses on
the farm), while the exogenous variables included level of formal education, off-farm

income and measures of farm size.
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The results showed the following: both endogenous and exogenous variables
were positively related to farm size, large farms were more efficient than other types of
farms, there was a positive relationship between years of farming and productivity of
capital and labour, and a negative relationship between off-farm income and productivity.

Khumbhakar et al. (1991) used a generalised parametric production frontier
model to examine the profitability of US dairy farms using 1985 cross sectional data from
28 states. They examined profitability in relation to the following issues: returns to scale
(RTS), the impact of AE and TE on profit levels for farms of different sizes, and a test of
whether the Cobb-Douglas frontier function fitted the data. In addition, factors used to
explain the technical efficiency of farms included education, region and farm size. All of
the parameters of the models were estimated jointly by ML procedures.

The results of their study indicated that a Cobb-Douglas function was not
appropriate. Elasticities of output with respect to inputs were lower for large farms.
Education should be included in the production frontier as an input that affects
production through improving TE rather than as a conventional exogenous input in the
production function. RTS was less than unity, with mean values of 0.945, 0.904, and
0.544 for small, medium and large farms, respectively. In addition, large farms were
more technically and allocatively efficient than smaller farms. Khumbhakar et al. (1991)
argued that since profitability is inversely related to RTS, the findings above indicated
that large farms are more profitable relative to small and medium sized farms.

Tauer (1993) estimated deterministic, non-parametric production and cost
frontiers for a sample of New York farms, using 1990 cross sectional data. These
frontiers were used to calculate TE and AE and to compare the efficiency of farms in the
short run (SR) and long run (LR). The models were estimated using linear programming

methods, assuming variable returns to scale (VRS). A separate estimation identified
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factors that explained economic efficiency by estimating a logistic function using
Ordinary Least Squares (OLS).%

The results showed that whereas average TE was higher in the LR than in the
SR (0.79 versus 0.74), the converse was true for EE (0.70 versus 0.87). There was a
positive relationship between TE and AE. Milk production was shown to exhibit
increasing returns to scale in the LR.

Thomas and Tauer (1993) applied a deterministic, non-parametric stochastic
production frontier to examine the effect of linear aggregation of inputs by value on TE.
Inputs, as given by the cash expense, were grouped into 28 categories. Different levels
of aggregation were used for similar inputs. Using linear programming and assuming
constant returns to scale, they showed that with increased linear aggregation, the
number of efficient farms falls as does the value of TE measures. In addition, linear
aggregation was shown to affect the efficiency ranking of individual firms. They
concluded that the source of this downward bias is allocative inefficiency, which makes
the measured efficiencies a combination of technical and allocative efficiencies.

Ahmad and Bravo-Ureta (1995) used panel data (1971-1984) from a sample of
Vermont dairy farms to decompose milk output growth into technological change,
technical efficiency change and input growth using a parametric stochastic production
frontier and the fixed-effects frontier. In their estimations, they applied the ML
techniques from the Battese and Coelli (1992) model for the stochastic frontier and the
fixed-effects model. They found that i) mean efficiency was 0.77, with slight variation for

the whole sample, ii) size played a greater role than productivity growth in increasing

?® Tauer (1993) exploited the fact that the computed inefficiencies are bounded numerically between
zero and one and fitted the logistic function, E;, =1/(1+ e~ @D} This function is bounded by an
open set (0,1), where E; is the computed inefficiency, e is the numerical constant, X is a vector of
explanatory variables, and o and p (vectors) are the estimated coefficients. Rearranging and taking
logs of both sides resulted in the linear estimated function In(E/1-E)))=a+BX;. Since all inefficiencies

were greater than zero, they were all shifted downwards by 0.001so that the largest inefficiency was
0.999 rather than 1.0, which would have produced In(«). Regressions were then estimated using OLS.
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milk output, and iii) the role of technical efficiency in productivity growth was minor. The
major contribution to total output growth came from technological progress.

Ahmad and Bravo-Ureta (1996) used the same data set to examine the impact of
fixed effects vis a vis stochastic frontiers on the technical efficiency. Applying the ML
techniques to the Battese and Coelli (1992) model of the stochastic frontier and for the
fixed-effects model, they fitted the Cobb-Douglas and simplified translog specifications to
the panel data. They found the production of milk to exhibit increasing returns to scale
and the estimated technical efficiency measures to be invariant as to the Cobb-Douglas

and translog specifications.

2.4.3 Summary

Studies in the foregoing review addressed the following issues related to technical and
economic efficiency:
1) Estimation of frontiers:

This includes parametric and non-parametric approaches of estimating frontiers, and
within these approaches, stochastic and deterministic methods. The frontiers are
estimated with a view to measuring efficiency. While technical efficiency is measured
from estimated production frontiers, economic efficiency is measured from estimation of
either the cost or the profit frontiers. Some studies have decomposed economic
efficiency into technical and allocative efficiency.

2) Examination of factors that explain efficiency:

Efficiency analysis is conducted in either of two ways: by estimating the inefficiency
model simultaneously with the frontier, or by using two stages in which the efficiencies
are first computed from the frontiers and then regressed on variables that explain their
variation. Variables in the inefficiency models include some variables used in the

production frontiers as well as latent variables or dummy variables, the selection of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



42

which is not predicated on any theoretical underpinnings. Typically, the choice of the
variables to include in the model is justified by common reasoning. These variables
attempt to capture the effect of technology, farm size, breeding, feeding, education,
farming experience, location, as well as other management characteristics.

3) Deriving or testing theoretical and/or methodological issues (assumptions) related to
estimated frontiers:

The main issues addressed in this regard include computing return to scale (RTS),
output elasticity of inputs and input price elasticities; comparing and testing the efficacy
of functional forms, comparing methods of estimation, and examining economies of
scale and profitability of farms in relation to efficiency levels.

In analysing these issues, the findings of the reviewed studies have varied, as have
the approaches and methods used. As Richards and Jeffrey (2000) point out,

There are many ways to estimate any single type of efficiency and...

within each method, [even] one's choice of functional form or the structure

of the error can cause different efficiency measures or efficiency rankings

for a single observation [among other things]. p. 233
Very few of the reviewed studies, for example, have tested alternative functional forms;
many have relied on single period cross sectional data. Others have confined
themselves to examining only technical efficiency, without addressing either economic or
allocative efficiency; or examining factors that explain efficiency. Romain and Lambert
(1992) contend that the costs of dairy production can decrease in two ways. One is with
improved management of inputs, which calls for an understanding of the factors that
explain technical inefficiency. Another is better choice of inputs in the production process
according to their relative costs, which calls for an understanding of whether or not the

farms are utilising the inputs fully and allocating them optimally.
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The conflicting results highlighted above point to the need for further research to
address some of the issues that have not been resolved or given sufficient attention to
date (at least in North American studies). In this study, both production and cost frontiers
are estimated using data from Alberta dairy farmers. Technical and economic
efficiencies are calculated from the estimated frontiers, and then analysed. In addition,
the efficacy of different functional specifications is statistically tested and a number of
factors that explain the efficiency of farms examined. Unlike most of the reviewed
studies, which used cross sectional data, this study used panel data, thereby allows an

examination of efficiency over time.

2.5 Empirical Studies Examining Alternative Distributions of the Inefficiency Error

Term

In empirical research, the choice of which distribution to use or the effects of adopting
alternative distributions have not been given sufficient attention. The focus has been
primarily on stochastic frontiers, with inefficiency of firms estimated by assuming a
particular distribution (the preference being the half-normal). The question that is yet to
be answered satisfactorily is this: Does the assumption adopted for the distribution of
inefficiency matter in terms of the resulting efficiency estimates? A few studies that have
examined this empirical question have not converged at the same answer. Whereas
efficiency measures have been found to be sensitive to the distribution assumption
adopted, it is still not so clear as to whether the ranking of producers by their efficiency
scores is also sensitive to the assumed distribution (Kumbhakar & Lovell, 2000). Also
still inconclusive is the sensitivity of the efficiency estimates to the choice of error

distribution among alternative functional specifications (Mbaga et al., 2000).

The empirical results from using alternative distribution assumptions in the

previous studies have been analysed in three ways. One way has been to compare
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mean efficiency estimates resulting from the same data, with most of the results
confined to the half-normal and exponential distributions. Another has been to rank
efficiency estimates from either the same data or different data. Lastly, efficiency
estimates have been ranked across alternative functional specifications.

The mean efficiencies from empirical work that used both the half-normal and
exponential distributions indicate that the exponential distribution tends to identify a
larger number of efficient firms than the half-normal. Rossi and Canay (2001) used four
databases from previous studies®' to test the performance of the two distributions. Their
results conform to the above assertion, with the mean efficiencies for the exponential
distribution being higher than those for the half-normal distribution. A similar conclusion
was arrived at for mean TE in some studies that estimated production frontiers using ML
(Jaforullah & Devilin, 1996; Parikh & Shah, 1996; Mbaga et al., 2000%) and for mean EE
in those that estimated cost frontiers by ML (Greene, 1990%; Parikh & Ali, 1995).
However, Jaforullah (1996) obtained mixed results with regard to mean TE for a set of
companies of Bangladesh, though in general the exponential distribution resulted in
higher mean TE than did the half-normal.

Ranking efficiency estimates with respect to a number of distributions gives
results that are not as homogeneous as those with respect to mean efficiency. Mbaga et
al. (2000), using Quebec dairy data, computed both the level and rank correlation

coefficients of individual technical efficiency estimates resulting from the truncated-

#' The data were previously used in Rossi (2000), Estache and Rossi (1999), Stewart (1993) and
CEER (2000). By estimating both production and cost frontiers in diverse sectors (gas, water and
electncny) Rossi and Canay (2001) aimed at making the results robust (Rossi & Canay, 2001).

? Mbaga et al. (2000) compared mean TE for three distributions; namely, the exponential, half-normal
and truncated distributions. Estimations were carried out for two sets of data. For both data sets the
exponential distribution model was found to result in the highest mean TE and the half-normal
dlstnbutlon the least. However, as the authors note, the difference is very marginal.

2 Greene (1990) estimated a stochastic cost frontier for a cross-section of 123 U.S. electrical utilities
and obtained the following results for sample mean efficiencies: 0.8766 (half normal), 0.9011
(exponential), 0.8961 (truncated normal) and 0.8949 (gamma).
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normal, the half-normal and the exponential distributions of inefficiency. The efficiency
estimates were not only highly correlated (0.92 - 0.99) among the three distributions for
each particular functional specification but were also so among the alternative functional
forms of production technology considered in the study (i.e., Cobb-Douglas, translog and
Generalised Leontief). Rossi and Canay (2001) also found very high rank correlations
(0.959 - 0.993) for the rankings of efficiency estimates obtained by ML methods.
Kumbhakar and Lovell (2000) used Greene’s (1990) results to calculate the rank
correlation coefficients of individual economic efficiency estimates related to several
distributions of inefficiency and obtained results that ranged between 0.75 (exponential
and gamma) and 0.98 (half-normal and truncated-normal). On the other extreme,
Giannakas et al. (1998) obtained very low rank correlation coefficients of technical
efficiency estimates across alternative specifications.

This short review raises three issues for further examination. The first one is the
choice between assuming a relatively simple distribution (i.e., exponential or half-normal)
versus a more flexible distribution (e.g., truncated-normal), as well as the choice
between different relatively simple distributions. Empirical evidence tends to suggest that
the choice of the distribution would influence the level of efficiency estimates and that
these estimates would be sensitive to changes in the distribution. Ritter and Simar
(1997) have suggested the use of relatively simple distributions rather than a more
flexible distribution (such as the truncated-normal). This suggestion would call for
choosing only between the half-normal and exponential distributions. However, their
suggestion is based on the analysis of the normal-gamma distribution rather than on
both the truncated-normal and gamma distributions. Moreover, available empirical
evidence has indicated a very high correlation between the results of the half-normal and
truncated-normal distributions. These two distributions are sufficiently similar (the former

being nested in the latter) as to deserve further empirical examination. Thus, more
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evidence with regard to the choice between the relatively simple distributions and the
more flexible truncated-normal may be helpful in validating the suggestion by Ritter and
Simar (1997).

Secondly, the examination of all three of the alternative distributions discussed
may be important for yet another reason. As Mbaga et al. (2000) have concluded, the
robustness of efficiency estimates to various distributions of the error term is specific to
the data used. This may imply that the choice should not be generalized from the
literature; rather, it should be based on empirical analysis of the data used. With the
exception of Mbaga et al. (2000), previous North American studies in the dairy sector
have not addressed this issue (to the best of the knowledge of this author). Whereas
Mbaga et al. (2000) analysed it in relation to only technical efficiency, this study
examines it with respect to not only technical efficiency but also economic efficiency.

The third issue is the effect of the distribution assumptions on the choice of
functional form for the stochastic frontiers. To what extent, for example, are the
efficiency results related to a particular distribution assumption consistent among
alternative functional specifications? Ordinarily, the choice of functional form between
alternatives is carried out for estimates related to a specific distribution of the inefficiency
error term. Implicit in this procedure is the assumption that the maintaining of the same
distribution of the inefficiency error term has no significant effect on the level as well as
the ranking of the resulting efficiency estimates for alternative functional specifications.
However, as evidence from some studies has indicated, the results of the efficiency
estimates (for the same distribution) may turn out to display weak correlation between
alternative functional specifications.

Whether this is solely a problem of a particular study or is a general problem in
certain respects is a question that further evidence may serve to enlighten. Otherwise, if

the implicit assumption behind choosing between alternative functional specifications
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does not hold, then it may be difficult to decide in favour of one of the alternative forms
without having tested how the chosen functional specification would fare under

alternative assumptions of the distribution of the inefficiency error term.
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Chapter 3. Empirical Methods

This chapter elaborates on methodological issues as well as empirical models and data
used in the estimation. It is divided into two sections. Section 3.1 examines technical and
economic efficiency within the frameworks of stochastic production and cost frontiers,
- respectively. Coupled with this analysis is the discussion of functional forms and time
aspects in the formulation of stochastic frontier empirical models for the study. As well,
~ the section discusses the models for estimating efficiency of farms for alternative
distribution assumptions of the inefficiency error term. Section 3.2 reports on the sources
and construction of data used in this study. This includes a discussion on the variables

for the production frontiers, the cost frontiers and the inefficiency models.

3.1 Stochastic Frontier Analysis (SFA)

3.1.1 Examining Technical Inefficiency

In this sub-section, technical inefficiency is considered as part of the total error term for
the stochastic production frontier. Stochastic frontier analysis (SFA) is used to separate
technical inefficiency from the error attributable to random factors. The process entails
estimating stochastic production frontiers and technical efficiency of farms.

For these estimations, the Battese and Coelli (1995) model is used. This model
extends further the framework for estimating the stochastic production frontiers and
technical inefficiency independently proposed by Aigner et al. (1977) and Meeusen and
van den Broeck (1977). The original works did not show, for example, how one could
predict technical efficiencies for individual sample firms. However Jondrow et al. (1982)
resolved this shortcoming by presenting two predictors for technical efficiency effects of

firms, assuming the parameters of the production frontier were known and data (cross
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sectional) were provided. Waldman (1984) investigated the properties of a predictor for
firm effects proposed by Jondrow et al (1982).

The Battese-Coelli (1995) model was appealing for the present task because it
generalizes some of the results of the studies mentioned earlier (i.e., Chapter 2). First, it
accommodates unbalanced panel data in sample firms; second, it allows technical
efficiency of firms to vary over time and it includes a time variable to capture technical
change; and third, it assumes that Stephenson’s (1980) general distribution of firm
effects applies for the stochastic frontier production function®. A discussion of
functional forms and specification of the stochastic production frontier model for Alberta
dairy farmers is presented in the next section (Section 3.1.2). In general, this stochastic
frontier is given as,

q, = f(GC,,HF,,L,.,K,,OlL,,YR,; 3 )Yexp(V, -U,) (3.1)

where, for the i farm in year t,

g =quantity of milk output in hectolitres per year per cow.

GCy=quantity of grains and concentrates, as tonnes per year per cow.

HF; = quantity of hay and forage, as tonnes per year per cow.

Ly = quantity of labour (operator, hired and family labour), as average hours per year per
cow; computed from the total average hours per year as measured by the total wage bill
divided by the average wage rate.

Ky = capital (valued using constant 1992 prices) per cow per annum.

Ol = real expenditure on other inputs (i.e., utilities, breeding and veterinary expense,

etc), in constant 1992 prices in $ per cow.

2 Stevenson (1980) specified for a stochastic frontier a truncated normal distribution for technical
inefficiency effects, u;, to address the criticisms that the half-normal or exponential distributions are
arbitrary selections. Coelli et al. (1998) point out that both the half-normal and exponential distributions
have a mode at zero, which implies relatively high technical efficiency. The truncated normal
distribution is a generalisation of the half normal distribution, obtained by the truncation at zero of the
normal distribution with mean, , and variance, ¢°.
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YR, = the year of observation (t =1, . .., N).
Vi-Uy= combined error term
B is a vector of parameters to be estimated.

The explanatory variables in the above production frontier mode! constitute factor

inputs that influence the amount of milk produced per cow. Thus, greater usage of any
input should lead to increased milk output, which would be indicated by a positive
relationship between the dependent variables and the explanatory variables®.
The sum of GC and HF constitutes the total amount of feed for the herd. Although in
some studies the two types of feed are aggregated as one variable (e.g., Moschini,
1088), these two types of feed contain different nutritional content. Therefore, they are
likely to contribute differently to the output of milk, for which reason they were treated as
separate variables.

The time trend variable, YR, permits neutral or non-neutral technical change,
depending on how it is specified. Technical change is a concept used to define
comparisons of productivity through time. It involves advances in technology, which may
be represented by an upward shift in the production frontier. Neutral technical change
affects inputs in the same way so that there is no change in relative input use, i.e. input
proportions stay the same. With non-neutral technical change the inputs are affected
differently; therefore productivity change varies across inputs. Neutral change is
represented as the effect of the rate of growth of output on the “aggregate input”, that
may be measured by the coefficient(s) of the time variable, with the effect of interaction
of the time variable and input variables being zero. The non-zero effect(s) of the latter

represents non-neutral technical change for flexible forms (e.g., the conventional

% This presupposes that the farmers are not operating within stage three of the production process.
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translog form discussed in the next section), whereas for the Cobb-Douglas form, non-
neutral technical change can be represented by shifts in the production elasticities.?

The Vi's are assumed to be iid random errors having N(O, c.?) distribution, and
the Uys are iid nonnegative random variables, representing the effect of technical
inefficiency of the farms involved. In the Battese-Coelli (1995) model, these Uy variables
are obtained by a truncation (at zero) of an iid normal distribution with unknown mean,
p, and unknown variance, o°. The variance of the parameters is given as

ol =0cl+0’ (3.2)

y=o’/ol (3.3)
where the y parameter takes on values between zero and one.

The technical inefficiency latent model is given by:

U,=Z2,6+r, (3.4)
where Z; is a (1xM) vector of explanatory variables associated with the technical
inefficiency effects, & is an (Mx1) vector of unknown parameters to be estimated, and the
ri's are unobservable random variables, which are assumed to be independently
distributed, obtained by truncation of the normal distribution with mean zero and
unknown variance, 7, such that Uy is non-negative (i.e., ry = - Zid).

Specifically,

U,=6,+6,YF,)+6,(H,)+6,(KL,)+3,(GH,)+6,(BE,)+ 6,(YR,) +r,(3.5)

where, for the i farm in year t,

% Note that there is a difference between the technological change in the production frontier
framework (the primal rate of technological change) and in the cost frontier (the dual rate of
technological change). The production frontier shifts upward with technological change, and cost
frontier shifts downward, i.e., since more output is produced for a given input x, the total cost of
producing any given output rate is lower. The rate of the technological change in the cost frontier
framework is the product of the primal rate of the technological change and the elasticity of cost with

respect to output (0InC/0In Q) (see Carlson et al. 1993 for derivations). Thus the primal and dual

rates of technological change are equal if and only if 0InC/J0InQis unity; i.e., if and only if the
technology exhibits constant returns to scale.
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YF, = years of farming (a proxy for farming experience),

Hy = herd size,

KL= capital-to-labor ratio,

GH; = ratio of grain and concentrates expense to hay and forage expense,
BE; = Breeding and veterinary expense per cow,

YR= Time trend variable

ry= error term

The variables used to statistically explain technical inefficiency relate to those in
Richards and Jeffrey (1998), who explained economic efficiency of Alberta dairy farms
using a latent variable model.?” Included also in the model for technical efficiency is a
time trend variable, YR, which Richards and Jeffrey did not include because their data
spanned a short time period. In contrast to the production frontier model, YR in the
technical efficiency model captures temporal changes in efficiency against the shifting
frontier. Other variables explain the role of genetic advancement and sophistication in
dairy breeding (BE), effect of variation in feed quality (GH), and effect of improvements
in dairy milking and feeding technology (KL) (Richards & Jeffrey, 1998).

The inefficiency model (3.5) includes some of the same explanatory variables as
are in the stochastic frontier model (3.1). This is justified analytically because they affect
both models and empirically because the inefficiency is assumed to be stochastic
(Battese & Coelli, 1995; Coelli et al. 1998).

The random r-variables r; are defined by the truncation of the normal distribution

(with zero mean and variance o%) such that the point of truncation is - Z; &, (which

2 An adjustment to Richards and Jeffrey (1998) model was considered, in which the ratio of the
number of milk cows to total livestock (CH) was included in addition to (or in place of) herd size. The
rationale was that more calves add to cost of producing milk in terms of the inputs they consume but at
the same time imply a lower percentage of dry cows in the herd, hence more milk per cow. The ratio
was hypothesized also to have a bearing on the culling process. Thus, CH variable was assumed to
influence the level of efficiency. Parameter estimates for the CH variable were statistically insignificant.
In addition, including both H and CH variables affected sign and significance of H in some models. The
variable CH was therefore dropped from the final models and herd size was retained.
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implies that ry > - Zy 8 V i, t). The variables are independently but not necessarily
identically distributed neither are they necessarily non-negative; and the mean Z;3 is not
required to be positive for each observation (Battese & Coelli, 1995). Thus, the technical
efficiency of production for the i firm at the t" observation is defined by:?*

TE, =exp(-U,)

=exp(-Z,0 —-r,) (3.6)

The mean technical efficiency for the whole sample was computed as a simple
average of individual farm efficiency. To obtain this mean, technical efficiency of farms
was gauged on the production of best performing farms; that is, farms for which output is
located on the estimated production frontier. Average technical inefficiency for the whole
sample is the proportion of output by which the “average” producer falls short of full
technical efficiency. This is measured as the difference between full and mean
efficiency; that is, a proportion of output not realized by the farms, on average, because
the inputs that went into producing its output were not fully utilized.

Moreover, the technical inefficiency model was estimated by regressing technical
efficiency on a set of variables that were hypothesized to affect it. The time trend was
used in this model to examine whether or not there was any statistically significant
change in efficiency over time.

In equations 3.4 and 3.5, a positive sign for an estimated & coefficient implies that
the associated variable has a negative effect on efficiency, and vice versa. For each
explanatory variable (in the technical inefficiency model), there was a priori expectation
concerning the “sign” of the coefficient, as summarized below.

e Farming Experience

%8 This definition is correct only when the dependent variable is in logarithms, which is the case for the
transiog functional form. As well, the Cobb-Douglas form is typically specified in logarithmic terms
when empirically estimated.
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Higher levels of farming experience are hypothesized to be associated with lower levels
of inefficiency (i.e., a negative sign for the parameter estimate). This is based on the
supposition that farmers will learn from their mistakes and improve on their production
with time, leading over time to a reduction in technical inefficiency.
e Herd Size
Although evidence as regards to the influence of herd size is not empirically conclusive,
larger herd sizes were expected to be associated with lower levels of inefficiency since

ﬁ large farms would potentially reap advantages associated with economies of scale (i.e.,
a negative sign for the parameter estimate).

. o Capital-to-Labour Ratio
Capital intensity is expected to enhance efficiency. Hence, a negative sign is expected
for the coefficient on capital to labour ratio.
e Breeding and Veterinary Expense
These were expected to have a negative influence on the degree of inefficiency (i.e.,
negative sign): more of the expense would lead to healthier animals, enabling them to
produce more milk. Increased cost due to breeding expense may be a result of better
genetics (i.e., better quality semen), a technological effect. By improving the quality of
some of the inputs (e.g., the efficiency of feed), increased breeding expense may lead to
more milk output, with the indirect effect of enhancing technical efficiency. Veterinary
cost, however, may be incurred to solve health problems and lower animal productivity,
leading to more milk output, which is a direct effect of enhancing technical efficiency.
e Grain and Concentrates-to-Hay and Forage Ratio
The effect of nutrition upon the degree of inefficiency could be positive or negative. This

is explained at length in Foley et al. (1972). They argue that the amount of concentrates
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that should be fed to the cow depends on her level of milk production and the energy
value of the concentrate mix being fed.
If in the herd all cows are fed the same amount of concentrates, the low
producers will be overfed and get fat, and the high producers will be
underfed and lose weight. The high producers may be able to maintain a
high leve! of milk production for a short time by using their body fat
reserves as a source of energy; but when they are depleted, milk
production will decrease. (Foley et al., 1972, p. 254)
Moreover, they point out that the optimal quantities of grain and roughage to be fed
depend upon the genetic potential for milk production of the cows, the quality of the
roughage, the cost of the dairy ration or the supply of home grown grain, and the price of
milk. For maximum profits in this respect, Foley et al. (1972) contend that the amount of
grain fed should be increased until the cost of last unit of concentrates just equals the
value of the extra milk produced.
o Time Trend, YR
A negative coefficient on the YR variable was expected because the process of learning
and adopting a technology is perfected over time. This may lead to reduced levels of

technical inefficiency.

3.1.2 Estimation Procedures

The FRONTIER 4.1 program (Coelli, 1994; 1996) was used to simultaneously

estimate, by ML estimators®, the parameters for both the stochastic frontier and the

® The ML estimator is asymptotically more efficient than the COLS estimator (Coelli, et al., 1998). In
addition, Coelli (1995b) investigated the finite-sample properties of the half normal frontier model in a
Monte Carlo experiment, in which the ML estimator was found to be significantly better than the COLS
estimator when the contribution of the technical inefficiency to the total variance term is large.
Therefore, he suggested that, wherever possible, ML estimators should be used instead of COLS
estimators.
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model explaining technical inefficiency effects; that is, the p- and -coefficients together
with the variance parameters of equations (3.2) and (3.3).%

Earlier studies (e.g., Pitt & Lee, 1981; Kalirajan, 1981; Kalirajan, 1991) adopted a
two-stage approach. In the first stage, a researcher specifies and estimates the
stochastic production frontier and predicts the technical inefficiency effects, under the
assumption that these inefficiency effects are identically distributed. In the second stage,
a regression model for the predicted technical inefficiency effects is specified and
estimated. Kalirajan (1991) defends this approach by claiming that farm-specific factors
exert only indirect influence on production through their association with inefficiency.

This two-stage approach has been criticized on two grounds. First, using
inefficiency effects as a dependent variable in the second stage contradicts the
assumption of identically distributed efficiency effects in the stochastic frontier (Coelli,
1995a). In fact, if inefficiency is correlated with the inputs, the estimates of both the
production frontier and the inefficiency will be inconsistent (Kumbhakar et al., 1991).
Second, as the authors argue, it is inappropriate to use the inefficiency index as a

dependent variable in OLS regression because it is one-sided.”'

3.1.3 Functional Forms

Functional forms are specific to both model and data. However, most efficiency studies
focus solely on determining the degree of inefficiency and do not examine alternative
specifications of the technology. However, if researchers choose a form that is incorrect,

their model will potentially predict responses in a biased and inaccurate way (Griffin et

% FRONTIER is a computer programme, written by Coelli, to provide maximum likelihood estimates of
parameters for a variety of stochastic production and cost functions. While the programme is very
accommodating in what it can do, it has limitations. For example, it cannot accommodate exponential
or gamma distributions, nor can it estimate systems of equations. For details about FRONTIER, see
Coelli (1994, 1996).

3" Some studies have addressed this problem by transforming the dependent variable using the logistic
function (e.g., Tauer, 1993; Amara et al., 1999).
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al., 1987). The consequences of this error may include, among others, misleading policy
implications (Giannakas et al., 1998).

In this study, the Cobb-Douglas and the transcendental logarithmic (translog)
functional forms were specified and estimated. In addition to being the most commonly
used functional forms, these forms allow comparisons to be made between the findings
of the current study relative to previous studies that have analysed Alberta dairy
efficiency. For example, Richards and Jeffrey (1996) used the translog form; Richards
and Jeffrey (1998) used the C-D form.

The Cobb-Douglas (C-D) frontier production function is specified in logarithmic

form, as follows:
4

Ing, =B, + ;ﬂj Inx;, + Bt +(v,—u,) (3.7)
where, for the j" input and the i firm in time period t, q is output, x are inputs, v are
random errors, u are technical efficiency effects, and B’s are parameters to be estimated.

The Cobb-Douglas form is used mainly because of its simplicity and parsimony
(Richards & Jeffrey, 1998). Also, because the C-D production function is self-dual, the
corresponding cost frontier can be derived analytically (see Varian, 1992, Chapter 4).
Moreover, by transforming the model into logarithms, one obtains a model that is linear
in inputs and thus is straightforward to estimate (Coelli, 1995a). Some studies justify
using the C-D form by referring to Kopp and Smith’s (1980) conclusion that the
functional form has a limited effect on empirical efficiency measurement. The C-D form,
although useful, has several limitations. The elasticity of substitution between any pair of
inputs for the C-D form is restricted to unity. The C-D form is also restrictive with respect
to returns to scale, which take the same value across all firms in the sample and are

constant across output levels. The C-D form is also inflexible in that it provides only a
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first order approximation to a function, which limits its ability to approximate other
functions. As well, it assumes that all inputs are technical complements.

The trans-logarithmic (or translog) function is specified as

J K
ZZﬂjk In X jiy Inx,, +v, —u,

4 1 z 1
Ing, = B, +Zﬁj Inx, +,B,t+—ﬂ,,t2 +Z,BJ., Inx,t+—
J=1 2 j=l 2,=1 k=1

(3.8)
where all variables and parameters are defined as above.
The translog is the most commonly used flexible functional form, in that it can provide a
second order approximation to an arbitrary twice differentiable linearly homogeneous
function (Diewert, 1976). Hence, the translog does not impose restrictions on the
structure of the technology such as restrictions on returns to scale or elasticity of
substitution. It permits the elasticity of substitution to be determined by the data
(Chambers, 1988). The main drawbacks associated with the translog are its
susceptibility to multicollinearity and the potential problem of insufficient degrees of
freedom due to the presence of interaction terms (Coelli, 1995a).
The Cobb-Douglas and translog are among the functional forms nested in the

generalized quadratic Box-Cox (GQBC) functional form, written as

J J 1 J
qlgl"l) = ﬂo + ﬁtt + Bttt2 +Zﬂjx§'fr1) +Zﬂjtx§'?t?) +Ezzﬂjkx§$2)x$) +vit U
Jj=1 Jj=1 Jj=1 k=1
i=1,2,...Nand t=1,2,...T (3.9)

where j and k stand for inputs used in producing output, i represents farms and t is time.

The B's, A1 and A, are the parameters to be estimated; ¢, is the random error; q,.,("') and

A . .
x,.,‘ ? are the Box-Cox transformations, defined as:

4
x -1
and x\® =2t~

A A

n1
g = dic

(3.10)
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This form has been used previously in frontier analysis to examine the relative
performance of different functional forms (Zhu et al. 1995, Giannakas et al. 1998). The
translog and C-D forms result from applying appropriate restrictions on the values of A,
and A, of the GQBC. The GQBC becomes a translog form when A,=0 and A;=0. It
becomes the Cobb-Douglas form when in addition to A,=A;=0, the second order

parameters (B,) are assumed to equal zero for all j,k.* However, the GQBC may

sometimes fail to select one of the examined forms. Furthermore, Unterschultz and
Mumey (1996) caution that GQBC estimations are prone to problems and biases caused
by heteroscedasticity and/or autocorrelation as well as by data scaling, and that these
problems can seriously bias the transformation variable and invalidate statistical tests.
Thus, the GQBC was not used in the empirical part of the study.

The present study focuses on two functional forms, whereby the C-D form is
considered as a special case of the translog frontier (Battese & Broca, 1996). The C-D
form is derived from the translog form by restricting the coefficients of the second order

terms of the translog to zero, that is, 8=0for all j<k.

3.1.4 Time Aspects

Researchers have modelled inefficiency as either time varying or time-invariant. Time-
invariant models are suitable for short panels. Since the panel data set for the present
study is sufficiently long, the time varying approach has been adopted. In empirical

studies, this approach has been modelled in three ways.

32 For a discussion concerning the imposition of these restrictions and the resulting functional forms,
see Giannakas et al. (1998).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



60

One method is to allow only the error component representing technical inefficiency to
be time varying (Kumbhakar, 1990; Battese & Coelli, 1992)®. A second method involves
modelling inefficiency through the intercept of the production frontier such that each
producer has its own intercept, and the intercept is allowed to vary quadratically through
time at producer-specific rates (Cornwell et al., 1990).3* A third method is to allow the
error component to be time varying and also to include a trend variable among the
regressors (Battese & Coelli, 1995; Heshimati & Kumbhakar, 1995; Heshimati et al.,
1995). This is captured in the trend variable (YR) in the stochastic frontier and specified
in FRONTIER 4.1.

The third method is used in this study primarily because it lends itself to clear
interpretation. Whereas the trend variable in the frontier production function is
associated with technical change, the error component U, associated with technical
efficiency, is allowed to vary across producers and through time. Moreover, the first two
methods suffer from a number of inadequacies. With the first, every producer has the
same pattern of technical efficiency change; in addition, it does not explain the
behavioural or institutional motivation for the time variance of technical efficiency. The
second provides two differing interpretations that cannot be distinguished empirically:
either the parameters for inefficiency represent producer-specific levels of technical
inefficiency, or u;y represent the producer-specific initial (or persistent) levels of

inefficiency and the u; (i = 2,3,...,T) represent producer-specific technical change (Lovell,

* Battese and Coelli (1992), for example, specify U,, = {exp|- 7t — T)Ju, where7 is an unknown

parameter to be estimated. This model, which is incorporated in FRONTIER, specifies that the
technical inefficiency effects in earlier periods of the panel are a deterministic exponential function of
the inefficiency effects in the last periods of the panel. Technical inefficiency effects are time-invariant
ifn7 = 0. The hypothesis for this is specified as Hy: 77 = 0 and tested using the likelihood ratio (LR)
test.

3 Cornwell et al. (1990) did this by generalizing Schmidt and Sickles' (1984) transformed model for
time-invariant inefficiency effects. The Schmidt and Sickles (1984) model is specified as y=o+x B+
where o;=a+u,. Cornwell et al. replaced the firm effects, u;, by U=6,1+6,t+0,5t2, which allows the
efficiency levels to vary over firms and time.
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1996). Given the specifications of the time-varying model for the inefficiency effects, the
null hypothesis of time-invariant effects was not tested, since as discussed in the next

chapter, time did not have a significant bearing on the efficiency of Alberta farms.

3.1.5 Examining Economic Efficiency (EE)

Economic efficiency was calculated from the estimated stochastic cost frontiers. A two-
step method was followed in the estimations. The first step was to estimate total
economic efficiency by fitting a stochastic cost frontier in which the composite error term
accounts for total economic inefficiency. Then, since economic efficiency is a composite
product of technical and allocative efficiency, an attempt was made to decompose
economic efficiency into its two components.

The methods used and the procedure followed to obtain economic inefficiency
were the same as those used in the case of technical efficiency: both the Cobb-Douglas
and translog cost frontiers were estimated, using the FRONTIER programme, from
which economic efficiency was computed. The reported economic efficiency is the
simple average of efficiency measures of individual farms.

The stochastic cost frontier for Alberta dairy farms is given as
c, = f(Q,,PGC,,PHF,,PL,,PK,,POC,,YR;; B,)exp(V, +U,) (3.11)
where for the i farm in year t,
ci= Total costin $ per year per cow
Qq=Milk output in hectolitres per year per cow
PGCi= Average price of grain and concentrates per tonne in $
PHF;= Average price of hay and forage per tonne in $.

PLi= Average (wage rate) price of labour per hour in $, an average of wage rates for

operator and hired labour.

PKi= per unit price of capital, as given by the user cost of capital.
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POC,=Price of other costs (for all the remaining intermediary inputs), as represented by
the deflator of the input price index (1992=100).

YR;= the year of observation (in terms of 1, ..., N)

U= one-sided error term (i.e. positive for cost frontiers)

V= a two-sided random error accounting for variation in costs due to stochastic factors
B; are parameters to be estimated.

The economic inefficiency latent model, as in the case of technical inefficiency, is
given by:

U,=Z,&+n, (3.12)
where Z; is a (1xM) vector of explanatory variables associated with the economic
inefficiency effects, £is an (Mx1) vector of unknown parameters to be estimated, and
the ny's are unobservable random variables, which are assumed to be independently
distributed, obtained by truncation of the normal distribution with mean zero and
unknown variance, ¢%, such that U, is non-negative (i.e., ny > - Zyf).

Specifically,
U, =& +&(YE)+&(H, )+ &E(KL, )+ 8,(GH )+ &5(BE,) +{(YR,) + 1, (3.13)

where the parameters and explanatory variables are defined the same as those
discussed earlier (i.e., section 3.1.1).

The Cobb-Douglas cost function is specified in logarithmic form as
Inc, = B, + B, Ing, '*'Z'Bj Inwy, + Bt+v, +u, (3.14)
j=2

whereas the translog cost function is specified as
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Inc, =a, +a,lng, + ha,(ng,)’ +> ¢,(ng,)Inw,;,)+ Y a;nw, +
7 7

%Y Bulnw,)inw,)+9, In(g,) + ot + Yo, + %Y @, (nw)t+v,, +u,
j k J

(3.15)
where in both functions wj are input prices, the other variables are as defined above,

andthe B's, a’s, ¢'s and w’s are parameters to be estimated.

The direct estimation of the single cost function is at the expense of some gains
in efficiency that would be realized by estimating a cost system that includes also the
optimal, cost-minimizing input demand equations, which may be alternatively
transformed into cost share equations (Eqn. 3.23). The joint estimation of the cost
function with the corresponding share equations ordinarily facilitates the imposition of
theoretical constraints that follow from the regularity conditions, described in Section
22.2.

For homogeneity in input prices, the following constraints are normally imposed

on the parameters of the translog cost function: Y a;, =1 . B, =Y B, =D ¢, =O0.
k k J

Jj=1
The adding-up constraints of the share equations system require that the cost shares
(Eqn. 3.23) sum to unity, following from > w,x; = c, which also implies that Y o, =1. In
i Jj=1
this study, homogeneity was alternatively imposed by normalizing input prices and total
cost relative to the price of labour. Moreover, the adding-up condition was not directly
imposed, since only the single cost equation was estimated, but the total cost data for

each farm was calculated as a sum of input cost shares. In addition to these, symmetry

restrictions were also imposed, i.e., 8, =, Vk #].

In the second step, overall economic efficiency was decomposed into its

technical and allocative components, following the Kopp and Diewert (1982) method.
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This two-step approach was suggested as a way to circumvent the “Greene problem”
(Coelli, 1995a).

A variant of the Kopp-Diewert (1982) method, used also by Bravo-Ureta and
Evenson (1994), is used to decompose overall economic efficiency into technical and
allocative components by calculating three ratios utilizing three different estimations of
cost of production. The alternative, used elsewhere, involves calculating the ratios of
input vector norms (e.g., Kopp & Diewert, 1982; Richards & Jeffrey, 1998). The costs of
production related to Kopp and Diewert (1982) efficiency measures are described below.

Actual cost is first computed using the actual input bundie x*, obtained at
observed input prices w” and used to produce the observed output g. This cost measure
includes total economic inefficiency, entailing a combination of technical and allocative
inefficiency. The second computation is optimal total cost, as computed at the means of
output level and input prices from the estimated cost frontier. Since this is a measure of
the minimum cost for producing a specified amount of milk, it reflects technical as well as
allocative efficiency in production. The third computation is the estimate of the cost of
producing milk output with a calculated bundle x® that is constructed such that output is
produced efficiently in a technical sense, but inefficiently, in an allocative sense, relative
to the optimal level. At the calculated cost minimizing input prices w®, this bundle would
lead to attaining also allocative efficiency in producing output q.

Kopp and Diewert (1982) start by obtaining the cost-minimizing input factor
demands implied by Shephard’s Lemma. Because the estimated frontier cost function is
taken to represent a locus of economically efficient points, these input demand functions
derive from the first partial derivatives of the estimated cost frontier with respect to actual

input prices. The underlying implicit assumption is that the Shephard’s Lemma supplies
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the technically and allocatively efficient input bundle x=. With reference to Figure 3.1%,
efficiency measures were calculated as discussed below®.

= Overall Economic Efficiency

To assess the overall economic efficiency, the bundle x®is calculated. By construction,
bundle x© represents input use in the same proportions as bundle x?, the actual input
bundle, but it costs the same as the technically and allocatively efficient bundle, xE. The
bundle x& (corresponding to the coordinates of point E in Figure 3.1) is obtained by
invoking Shephard's Lemma and differentiating the cost frontier with respect to each of

the input prices.
xE =vue(g, w*) (3.16)

0c O6c 0Oc 0Oc Oc
ow! " ow;’ ows ow] owf

where ;wC(q,WA)E[ ]and >0 is the output produced by

the inefficient point x* and w* is a vector of input prices for the used inputs at x*. Hence,
at point E the producer is economically efficient.

The input quantities for this economically efficient input vector, x%, are obtained
by substituting the farm's input prices and output quantity in the input (factor) demand
system that is given by (3.16) above. The input vector x€, which in Figure 3.1 is shown
by the point of intersection with the iso-cost plane ww’ of the line segment joiﬁing the
origin to x* is given as

x¢ = Ax* where ;c _ c(g.w") (3.17)
wA _xA

35 Although Kopp and Dewert (1982) argued that their technique was only applicable to deterministic
cost functions, Greene (1993) notes that if the cost functions were stochastic frontiers instead, the only
difference in the computation would be the addition of an estimate of v; to the cost function.

% This figure is the same as Figure 2.1. It is replicated here to facilitate the reference to it.
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S
X2 y = isoquant A or x* =(x,*. x,1)
W
B or x® =(x,5, x,5)
Corx®
E or xB=(x;, x,%)

SI

0] w’ X1

Figure 3.1 Graphical lllustration of Efficiency Concepts
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Overall economic efficiency is calculated numerically for average input usage as the
ratio between the cost of producing the observed output with the efficient bundle x® and
that of producing it with the actual input bundle. In other words, it is the ratio between
optimal cost of producing the average output (as derived using the estimated cost
frontier) and the actual cost of producing it (as given by the average of farms' costs of

production).

w'-x°  c(g,w?)

wi.xt  wix?

EE = (3.18)

» Technical Efficiency (TE) and Allocative Efficiency (AE)

To decompose overall economic efficiency into technical and allocative components the
bundle x®was required. This is a bundle that lies along the same isoquant depicting the
observed output q, which implies that point B is technically, though not allocatively,
efficient. Second, by construction, the input proportions at x* are the same as at xB.
Kopp and Diewert observe that there is some vector of prices of inputs, w®, for which x®

is also allocatively efficient.

x% =v.c(g, W) (3.19)
for some set of input prices w2 >> 0. The issue is to derive simultaneously the relative
prices w8 and the input quantities constituting x®. This is achieved by invoking the
following equalities.

1) Equality of the factor input proportions of x® and x*:
R (3.20)
X

This equality in general gives N-1 equations, as the last one xj /x} =xj /x} is an
identity.

2) The demand system implied by Shephard’s Lemma:
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B
x,.B =————-—ac(aq‘;;v ) i=1

i

N (3.21)

By normalizing wy = 1 (since only relative prices are relevant), one obtains N-1

unknowns in N equations,
x! =a(q,w’..,wy_ )/, i=1,..,N (3.22)
Therefore, the system has 2N-1 equations in 2N-1 unknowns

B B,_ B B
X, gereXy s W, geeis W

. » (equations 3.19 and 3.20). With the number of equations
equaling to the number of unknowns, the values of the x® vector and a vector of relative
prices wP are solved simultaneously.

| The above derivation was applied to the estimated translog cost frontier for

Alberta farms’ dairy milk output (equation 3.13). First, the equations for factor demands,

i.e.,x,

i

=§W—C were derived. Since the transiog cost function above is expressed in

logarithms, the factor demand functions are easily expressed as cost shares of inputs:

s =% o€ _C % (3.23)
C dln(w,) w; Ow,

The cost of milk production for Alberta dairy farmers is the total sum of the
product of five inputs [GC HF L K Ol] = [x; Xz X3 X4 Xs] and the corresponding input prices,
wh, i=1,2,3,4,5. A vector of unknown input prices at point B, where production is
technically efficient but allocatively inefficient, is given as w%, i=1,2,3,4,5. Normalizing
the price of “other inputs”, wPs=1, results in four relative prices w?’, i=1,2,3,4 and the unit
cost of “other inputs”. To obtain the input demand functions for Alberta dairy producers
at point B, the estimated Cobb-Douglas and translog cost frontiers were differentiated

with respect to w®. For the translog form, these factor demand functions (depicted by
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point B in Figure 3.1) that would enable farms attain only technical efficiency are

expressed by the following 5 equations:*’

x} =_%(5yl Ing+a, + B, Inw’ + B, Inw? + B, Inw; + B, Inwy) (3.24a)

x; =w£(6y2 Ing+a, + B, nw’ + B, mw? + B, Inw; + B, Inw;) (3.24b)
2

x? =-;v%(5y3 Ing+a, + B, Inw’ + B, Inwy + By, Inwy + By Inwy) (3.24c)

x; =w£(5y4 Ing+a,, + B, Inw’ + B, Inw} + By, Inw; + B, Inw)) (3.24d)
4

x? =—§—(5y5 Ing+ B,;Inw? + B,, Inw? + B, Inw! + B,sInw?) (3.24¢e)

5

The ratios of x® functions (equations 3.24a-e) are then equated to the ratios of the

A B
corresponding actual inputs (equation 3.20) i.e.,f%=£%—=b,., giving a system of 4
x!  x

equations expressed as functions of 4 unknowns, the W vector.

O,sIng+ BsInw + B,sInw, + BisInw, + B, Inw,

‘W, =b, (3.25a)
6,Ing+a, + B, Inw + S, lnw, + Bilnw, + B, Inw,
O,sIng+ s Inw + BysInw, + By Inw; + BsInw, .w, =B, (3.25b)
O,,Ing+a, + Bolnw + S, Inw, + B, Inw, + B, Inw,
S:Ing+ pf.Inw, + B, 1 + f,1 + B, In
ysIng+ fislnw + Byslnw, + fyInw; + BsInw, ‘w, = b, (3.25¢)
SsIng+ay+ f;Inw + B Inw, + B, Inw, + B, Inw,
S,sIng+ fisInw, + B Inw, + By Inw, + f,; Inw, w, = b, (3.25d)

Slng+ay+pynw + B Inw, + B, Inw, + B, Inw,

The equation system for the Cobb-Douglas form was derived in the same way.

¥ The coefficients of the factor demand function were restricted to take into account Young’s theorem,
i.e., Bij = Bji'
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These systems of equations, however, could not be solved for wh's.

TE and AE that are computed from the Kopp and Diewert's decomposed
measures, which possess the same interpretation as the original Farrell measures, are
defined as follows (Kopp & Diewert, 1982; Bravo-Ureta & Evenson, 1994):
¢ TE is equal to the ratio of the total cost of producing output q with input bundle xB (at

a vector of prices w®) to the actual total cost.

1E = (3.26)

w? . x?

w . x?

o AE is equal to the ratio of the total cost of producing q with bundie x® (at a vector

of prices w”) to the total cost of producing it with bundle x® (at a vector of prices
wE).

w x?

B B

AE =
wx w’ - x®

_<a:w) (3.27)

Allocative efficiency was calculated only for the Cobb-Douglas formulation, based on the
property that the function is self-dual, using the estimates of EE from the cost frontier

and TE from the production frontier®®.

3.1.6 Estimating Efficiency in Relation to Various Distributions of u;

This sub-section presents empirical methods that were used to analyse the sensitivity of
efficiency estimates to the assumed distribution for y; (including the exponential, half-
normal and truncated-normal distributions). Drawing from previous studies, the analysis
was gauged on the following hypotheses:

o In comparing the estimates from alternative distributions, the exponential

distribution assumption will result in farms being ranked as more efficient than

% In a strict sense, self-duality of the Cobb-Douglas production form would require the deriving of the
cost frontier directly from the production frontier, which is not the case in this regard. The computation
of AE is made on the assumption that the estimated cost frontier would be closer to the derived cost
frontier.
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the half-normal (Rossi & Canay, 2001), with the half-normal distribution resulting

in farms being more efficient than the truncated normal distribution.

o Across alternative functional specifications (in this case between the Cobb-
Douglas and conventional translog specifications), the ranking of efficiency
estimates by farms in relation to a particular distribution assumption is not
affected.

These hypotheses were tested by comparing mean efficiency estimates, the distributions
of efficiency levels, and pairwise Spearman’s correlation coefficients of distributions for
each of the Cobb-Douglas and translog specification and between the specifications for
each particular distribution.

To obtain efficiency estimates, both the stochastic production and cost frontiers
were re-estimated (without the inefficiency models) for the Cobb-Douglas and translog
specifications, using LIMDEP (Greene, 1998). LIMDEP was preferred to FRONTIER
(Coelli, 1994) for these particular estimations because it allows for estimation using all
three distributions of u;, in contrast to FRONTIER that is programmed only for the
truncated-normal and half-normal distributions. LIMDEP was, however, seen as
relatively disadvantageous to FRONTIER for the previous estimations because it does
not incorporate the inefficiency model, which would have reverted the estimation to the
criticized two-stage procedure (i.e., to firstly estimate the frontiers, then to regress the
resulting inefficiency levels on the explanatory variables of the inefficiency model).

The estimation procedure entailed two steps. First, the maximum likelihood
estimates of the parameters of the distributions, along with the parameters of the
stochastic frontiers, g, were obtained. This step involved maximizing the loglikelihood
functions with respect to the relevant parameters in relation to the half-normal,
exponential and truncated normal distributions. For a sample of | producers, these

loglikelihood functions are specified as follows (Kumbhakar & Lovell, 2000).
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o Exponential Distribution

o? e
InlL = tant—/Ino+ 7 Yl Y In®(-A)+ ) 3.28
n L = constan [20_3 Z (=4) zi:Gu (3.28)

where A=—ji/c, and fi=—¢—(ol/0,)

o Half-normal Distribution

InL =constant -/ Ino + Z In d)(f’—&) _ 1 Z g’ (3.29)
i o '

Truncated-normal Distribution

2
InL = constant -/ Ino —Ilnd)(i)+21n®(%—ﬁ)—%§:(£" i “))
(o)

where o, = Ao /J1+ A

In the second step, the estimates of technical (economic) efficiency were

computed from the conditional distribution of u; given &; (Eqn. 2.11), from which the
following means of the three distributions were used as point estimators for u;.

o Exponential distribution: f(ule) is distributed as N* (&Z,0?), with mean

o [eCh s,
E(ule)=x; + av{ o, /o)) ] (3.31)

o Half-normal distribution: f(ule) is distributed as N*(u.,02), with mean

$(—pt /0.) |
1 - @(-—/—l‘i /O't)_

e PRI _(22)]
G'[l-d)(e,-/l/ o) ( o ) (3.32)

E(ule)= pu.; + 0'{

where u, =-e0? /o’ and o? =00’ /0
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o Truncated-normal distribution: f{ule) is distributed as N* (f.,07), with mean

E(ui|ei)=a.[&+ #(8. /o) ] (3.33)
c. 1-®(-g./o.)

where [i, =(-ol¢, + uol)/ o’ and 0? =clcl/o?.
From the point estimates obtained from estimations of equations 3.31-3.33,
estimates of technical (economic) efficiency for each producer were computed as
TE, =exp{—12,.}(Eqn. 2.2), or EE; =exp(#;) (Ean. 2.24), where #=E(uje) (eqns.

3.31-3.33).

3.2 Sources and Construction of Data

The data for this study consist of input and output quantities, their prices, and
expenditure on miscellaneous items, for milk production from a representative panel of
Alberta milk producers. These data were obtained from the Production Economics
Branch of Alberta Agriculture from a survey on Alberta dairy cost of production for the
years 1980 to 1996 inclusive. The survey is administered by Alberta Agriculture officials,
in conjunction with the Alberta Milk Producers’ Society, who choose a sample of fluid
milk producers to complete and return a monthly questionnaire recording information
related to the previous month’s milk production and costs. This sample is designed to be
representative in terms of spatial and size distribution of the dairy herds in Alberta.

The sample size is determined statistically every year. In this panel it ranges from
54 to 74 cross sectional observations per year, which sum up to 1046 observations for
the whole panel data set. The data set is unbalanced in that not all producers
participated for the whole period and the sample size varies from year to year. Since
producers participate by their own volition, they are free to opt out of the survey at any

time. Producers who opt out of the survey are replaced with participants from the same
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(Northern or Southern) region owning a similar amount of fluid quota. The average
period of participation in the survey is four years.

In the survey, information concerning farm identification is provided. However,
within the data set itself, each observation has an ID number that is related to the year in
which the survey was conducted, and not to a particular producer. As a result, it was not
possible to track the relative performance and efficiency of specific farms over time.

This very extensive set of data is collected and recorded in 164 disaggregated
categories for each farm in every year. The information in these categories can be
broadly grouped as follows: dairy herd, capital purchases, sales, feeds, labour, other
expenses, farm loans, supplies, machinery and equipment, buildings, land (including
building sites and pasture), and milk quota. It is gathered through two questionnaires -
one on sales, purchases and other expenditures and another on investment.** From the
survey, data are processed and aggregated into annual values. The data set is stored in
the data bank of the Production Economics branch of Alberta Agriculture. It is from these
annual summaries that the quantities and value of the variables for the models,

previously discussed, are computed.

3.2.1 Quantities of Output and Inputs

The categorising of the inputs drew mainly from previous studies that have used the
same data, albeit for shorter periods (Richards & Jeffrey 1996, 1998; Richards 1993,
1995). On the input side, five aggregate quantities of inputs per cow per year were

specified: grains and concentrates (GC), hay and forage (HF), labour (L), capital (K), and

other intermediary inputs (Ol).

*® The survey collects information on assets and debt as well as supplies. Investment in the
questionnaire is interpreted in the accounting sense in that it is recorded as $ amount incurred rather
than computed from shadow prices of the resources.
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The quantities of grains and concentrates, and hay and forage were obtained by
summing up the quantities (in tonnes) of feeds for each category. The grains and
concentrates feed group included oats, barley, wheat, grain, beet pulp, dairy ration, milk
replacer, supplements, molasses, salt, and minerals. The hay and forage group included
alfalfa hay, alfalfa pellets, straws, green feed and silage. No distinction was made
between grain and hay grown on farm and purchased feed. As Richards (1993) argues,
any differential in feed quality should be reflected in relative price. As well, the value of
pasture usage was ignored, being an insignificant feed input in Alberta’s milking herd.*

The quantity of labour was calculated as follows: first the average wage rate was
calculated for the three types of labour, viz., hired, operator and family labour. Then the
total wage bill for the three types of labour was divided by the average wage rate to
obtain the total quantity of composite labour that reflects remuneration structure for each
of the three labour types. The amount of operator and family labour is defined as hours
worked per year according to the respondent’s recorded amount. Hired labour per farm
is recorded at the actual hours used and the total wage paid, including common benefits
such as room and board. However, the data on hired labour has missing values for
some farms on hours worked or wage, or both. If information for both wage and hours
worked is missing, the assumption was made that that particular farm did not hire
labourers. However, if only one of the two is missing, it was assumed that the farm hired
labourers but did not give complete information.

In dealing with this problem of unrecorded information, the average of hours

worked or wage paid was first computed from fully recorded information and then used

0 Richards (1993) suggests this reason for ignoring pasture. A significant number of zero entries in the
data for this category supports this assumption.
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to fill in the missing entries*’. The averages for the whole sample were then re-
computed.

Although treating labour as one aggregate variable input differs from some
studies that have categorised labour into two separate variables (e.g., Richards, 1993;
Richards & Jeffrey, 1996), it shares commonality with other studies (e.g., Moschini,
1988). Dividing labour into two separate groups would require one to justify the
distinction on both theoretical and empirical grounds as to why one category of labour,
under the same conditions, would be significantly more productive than the other.
Moreover, it is impossible to split the contribution of various types of labour in the
composite output, especially because in the data utilised the variables are measured
with the same units.

The value of dairy capital is used as the capital input in the production frontier.
Capital consists of the value of buildings, machinery, and equipment specific to the dairy
enterprise, a proportion of non-dairy equipment, and land allocated for dairy activities,
and livestock. Livestock is included in the capital aggregate, rather than being treated as
a separate input, because its services are not exhausted in a single year. The size of the
livestock herd (cows and heifers)*? was calculated as the average of the starting and
year-end numbers. The value of livestock in current terms was obtained by multiplying
the calculated average number of animals for each category of livestock by the
respective annual average price for each type of animal.

Using the input price deflators, derived from respective farm input price indexes
(Statistics Canada, 1998/1999), the series of different categories of capital were
converted to constant values and summed. As with other categories, for items

categorised as capital the data were provided for every year, and were varying. This was

! An alternative would have been to delete the observations. Thus the choice was made based on the
need to recover data rather than lose data, so as to minimize bias in the estimates.
“2 In addition to cows and heifers, the dairy enterprise includes also bulls and young animals.
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taken to imply that the farmers adjust their stock of capital every year to the amount that
is consistent with optimisation. As a consequence, it should be perceived that long run
frontiers were estimated.

Other intermediate inputs include all other inputs and expenses not in the
categories already specified. They comprise processing costs, veterinary and medicine,
milk hauling, producer fees, utilities, fuels, and miscellaneous expenses. These, being
given in value terms, were summed up and deflated by the farm-input price index to get
the total value in constant terms, which was used as a proxy for quantity of other
intermediate inputs. Lastly, the quantity of milk produced (in hectolitres) is calculated as

the sum of quota milk, over-quota milk, milk fed to livestock, and other milk sales.

3.2.2 Variables for the Technical (Economic) Inefficiency Model

To explain technical inefficiency, the data utilised variables that are computed or given
directly from the sample data. Those taken directly from the sample data include years
of farming, breeding and veterinary expense, and the trend variable. The ratio of capital
to labour and the ratio of grain and concentrate to hay and forage were computed using
the respective variables discussed earlier, whereas the ratio of the number of milk cows
to total number of cattle was computed from information taken directly from the sample

data. These data variables are discussed, in terms of their relevance, in section 3.1.1.

3.2.3 Input Prices and Cost of Production

in Alberta, input prices vary due to geographical diversity of producers and the marked
differences in local markets (Richards, 1995). The wage rate for the composite labour
was obtained by averaging the individual wage rates for operator, family and hired
labour. Wage is unadjusted for quality due to lack of data concerning worker training

and experience. Prices of grain and concentrates and hay and forage were computed as
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weighted average price per tonne of feed used (calculated by dividing the total number
of tonnes by the sum of the prices). For home-grown feed the computations are based
on regional average prices whereas purchased feeds are valued at local market prices.
For other intermediate (Ol) aggregated inputs, the farm input price deflator was used as
a proxy for its price.

For capital, since farmers typically own the inputs, the price is imputed, based on

the notion of user cost of capital. The user cost of capital is defined as follows (Moschini,
" 1988):

r,=R(i+d;+7,-p;)
- where j indexes the capital input,

r=the user cost (rental price),

R=the capital (replacement) price,

i=the interest rate (the opportunity cost of holding capital)

d=the physical depreciation rate

t=the tax rate for capital, and

p= the expected rate of change of R (expected capital gain).

Since annual data were used, expected capital gain was not considered. The tax
rate (t) was not provided in the data set. Therefore, it was calculated by dividing total tax
paid (i.e., primarily property tax) by total capital. Physical depreciation was partly given
in the recorded information, consisting of depreciation for buildings, machinery, and
equipment. Physical depreciation for each of these capital items was divided by

corresponding capital values to obtain the depreciation rates. These rates closely

approximate those used by Moschini (1988)*.

“3 The physical depreciation rates used in Moschini (1 988) are 0.15 for machinery, 0.05 for buildings,
and zero for land and livestock.
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Following Ball (1985), depreciation for livestock was estimated based on the
difference between the acquisition price of the animal and the salvage or slaughter price.
These data, however, were not recorded in the sample. Instead, they was compiled from
Economics of Milk Production (Alberta Agriculture, Production Economics Branch,
various issues). The difference between sample averages of the acquisition price and
salvage price was computed, which formed the basis for approximating its proportion to
the value of livestock. To reduce the effect of stochastic market conditions, a three-year
moving average was applied to the computations. These were multiplied by the
percentage replacement, approximated as one third of the herd (Durr et al., 1997, Kulak
et al., 1997) to get the depreciation rate.

The rate for 90-day Treasury bills was used as a proxy for the user cost of capital
(Statistics Canada, 1998/1999). This was taken to approximate the risk free rate. The
risk free rate was deemed to be appropriate because dairy farming is perceived as a
very low risk undertaking as compared to other farm businesses. According to
Agriculture and Agri-Food Canada, "real dairy farm cash receipts have grown very
moderately, at a more stable, but much slower, pace than the agricultural sector as a
whole" (Agriculture and Agri-food Canada, 1996, p. 28)*.

Capital replacement value is measured by the farmer-owned capital stock. Thus
the rates above are applied to this value to give the rental price. However to obtain the
full measure of capital costs, these values were added to rental value and repairs to
buildings and machinery (Moschini, 1988).

Other inputs (Ol), were primarily recorded in monetary terms were deflated

mainly by the respective price indexes of the input price index to get a measure that

* For more than 30 years from 1960, dairy cash receipts (in 1986 constant prices) have remained at
approximately $5million (Agriculture and Agri-Canada, 1996, p.28).
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represents their quantity. The values of those inputs for which own price indices were
not found were deflated by the general input price index.

Total cost of production of milk per year per cow from a sample of Alberta dairy farms
was computed as a sum of costs for grain and concentrates, forage and hay, labour,
capital and other inputs. Total cost for each farm in every year was obtained by
multiplying input quantities by the respective input prices. Appendix C and Table 3.1

provides summary statistics of the data used.

Table 3.1 Summary Statistics for Selected Variables

Quantity of Milk Total Costin $ Capital $ per  Herd size

(Hectolitres/per  per cow cow

Ccow
Mean 69.5 2143.9 2669.3 79.89
Variance 223.1 543776.3 676749.8 1701.3
Standard Deviation 14.9 737.4 822.6 41.25
Maximum 177.6 8663.4 7397.4 281.50
Minimum 32.8 841.6 888.3 24.50
Count 1046 1046 1046 1046
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Chapter 4. Estimation and Results

4.1 Estimated Models

The following sections report on results of two functional forms for both the production
and cost stochastic frontiers. These include a simplified translog and a Cobb-Douglas
specification. Each of these specifications was estimated twice. The first set of
estimations (Estimation 1) covers the period 1980 to 1996, which is the entire sample
period. The second set of estimations (Estimation 2) covers a subset of the entire period,
running from 1986 to 1996. Estimation 2 includes years of farming as one additional
variable that explains technical efficiency. This variable was not available for the entire
sample period of 1980 - 1996. Estimation 1 has the advantage of a larger sample size,
which increases the degrees of freedom, hence the efficiency of the estimation, while
Estimation 2 has the advantage of the added explanatory variable, which is
hypothesized to be important in explaining the dependent variable.

Estimation of the conventional translog is generally prone to problems of
multicollinearity (Cornwell et al. 1990; Ahmad & Bravo-Ureta, 1996), which may affect
the size, sign, and statistical significance of the coefficients. For example, the
conventional translog cost frontier estimated by Richards and Jeffrey (2000) violated
concavity, and thus could not be solved for optimal input levels. In the present study,
first, for both production and cost frontiers the majority of the coefficients estimated for
the translog formulation were not statistically significant. Second, for the production
frontier, the output elasticities with respect to some of the inputs were found to be

negative®. Third, the translog cost frontier could not be solved for input prices and input

“*Negative elasticity estimates imply, contrary to theoretical expectations, that the increased utilisation
of the inputs in question results in reduced leve! of output, that is, the “average” farmer would fare
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levels at the point where farmers are technically but not allocatively efficient; that is, the
parameter estimates failed to converge at that point. The results of the translog are
summarized in Appendix 1.
A simplified translog frontier function was therefore specified as presented below
and estimated. This specification was used by Ahmad and Bravo-Ureta (1996) in place
- of a conventional translog formulation that did not give satisfactory results; and they
obtained results that were closer to the Cobb-Douglas formulation with regard to the
' statistical significance of the estimated coefficients. The simplified translog formulation is
essentially the restricted form of the conventional translog whereby the interaction
~ between inputs (in the case of production frontier) or input prices (in the case of cost
frontier) are eliminated but an interaction of time with inputs or input prices is included.
The assumption for excluding interactions among inputs or input prices while introducing
interactions of time with inputs or input prices is that inputs or input prices are separable
from each other but not from time (Fan, 1991).
Following Ahmad and Bravo-Ureta (1996), the simplified translog for the

production frontier is specified as:

InY, = B, + Z B, InX,, +Z B.mX,T+BT+pB,T*+v, ~u, (4.1)
k k

where B’'s are parameters to be estimated, Xy are inputs, T is a smooth time trend
accounting for technological change and v; and u, are the error terms of the stochastic
production frontier.

Both the simplified translog and Cobb-Douglas formulations include a smaller

number of terms in the specifications, which is likely to reduce collinearity between

better in terms of output produced if those inputs were reduced, implying that the farmer is operating in
stage three of the production process.
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variables, although these forms are less flexible specifications than the conventional

translog.

4.2 Production Frontier Results and Discussion

Coefficient estimates of the simplified translog production frontier have no
specific economic interpretation, unlike those of the Cobb-Douglas production frontier*.
These coefficients were used to derive the output elasticities of inputs and Returns to
Scale (RTS), which are presented in Section 4.2.1 along with those from the Cobb-
Douglas production frontier. On the basis of the analysis of elasticities of inputs and
Returns to Scale (RTS), specific insights into the production structure of the Alberta dairy
sector are provided in the following section.

In addition to elasticities and RTS, estimated technical efficiency (TE) measures
are reported. The mean, median and overall distribution (in percentage of farms) of TE
were used to gauge the extent of TE (Section 4.2.2). The results of the Likelihood ratio
(LR) test for the adequacy of functional forms are discussed in Section 4.2.3. Results of
the TE model, estimated simultaneously with the production frontiers, are discussed in
Section 4.2.4.

Table 4.1 and 4.2 report results from estimations of Cobb-Douglas and simplified
translog frontiers. The coefficient estimates for the Cobb-Douglas production frontier for
both Estimation 1 and Estimation 2 were all positive, as expected by theory, and were
statistically significant at 5 percent (Table 4.1). Also, most of the coefficients in the

simplified translog formulation were positive and statistically significant (Table 4.2).4

* The following discussion is based primarily on results obtained from the estimation of the Cobb-
Douglas production and simplified translog frontiers for reasons given above
“7 Note in Appendix 1a that the coefficients in the conventional translog formulation are negative and
statistically insignificant at 5 percent for both Estimation 1 and Estimation 2.
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Table 4.1 Coefficient Estimates for Parameters the Cobb-Douglas Production Frontiers

ESTIMATION 1 ESTIMATION 2
1980-1996 1986-1996

VARIABLE" COEFF. T-RATIO COEFF. T-RATIO

Constant 3.285* 31.075 3.541* 31.273
Grains and concentrates(GC) 0.075* 4633 0.077* 3.294
Hay and forage (HF) 0.025* 2.383 0.034* 2.993
Labor (L) 0.029* 3.886 0.020* 2.913
Capital (K) 0.039* 2.344 0.021 1.112
Other inputs (OI) 0.093* 4.581 0.096* 4.305
Year (YR) 0.018* 12.202 0.016* 7.210
o 0.040* 7.642 0.085* 2.650
y (=6?/c%,+c2) 0.606* 9.224 0.933* 41.411

*Coefficient is significant at 5% level.

Table 4.2 Coefficient Estimates for Parameters of the Simplified Translog Production

Frontiers
ESTIMATION 1 ESTIMATION 2
1980-1996 1986-1996

VARIABLE COEFF.  T-RATIO | COEFF.  T-RATIO
Constant 2.896* 12.787 3.446 16.295
Grains and concentrates (GC) 0.112* 4.063 0.080* 1.809
Hay and forage (HF) 0.023 1.067 0.040 1.638
Labor (L) 0.088* 4.810 0.032 1.699
Capital (K) 0.130* 3.768 0.100* 1.997
Other inputs (Ol) 0.061 1.500 0.064 1.274
Year (YR) 0.053* 2.660 0.018 0.595
GC.YR -0.004 -1.170 -0.001 -0.081
HF.YR 0.000 -0.212 0.000 -0.058
L.YR -0.005* -3.262 0.000 -0.164
K.YR -0.009* -2.744 -0.011 -1.608
OLYR 0.003 0.682 0.003 0.453
YR.YR 0.000 0.718 0.001 1.927
o] 0.046* 4576 0.081* 2.693
y (=o®Jo? rc2) 0.693* 9.143 | 0.931* 39.046

*Coefficient is significant at 5% level.
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The time variable is largely positive and significant in both models, indicating the
occurrence of technical change over the sample periods. In the estimated production
frontiers, the time variable, YR, was used to capture disembodied, Hicks-neutral
technical change, modelled as a shift in the production frontier. Both for the Cobb-
Douglas and simplified translog specifications in Estimations 1 and Cobb-Douglas
specification in Estimation 2, the coefficients of the partial differential of the logarithm of
Q with respect to YR (which captures the rate of growth of output per unit of “aggregate
input”) is positive and statistically significant, which indicates that there has been
significant neutral technical change in the production of milk by Alberta farmers during

the period under study.

4.2.1 Elasticity of Output with Respect to Inputs and Returns to Scale

The elasticity of frontier output with respect to the k-th input for the conventional translog

formulation is given as

oln(Q) _
611’1(Xk) —ﬂk+ﬂkakit+j§ﬁlg'Xﬁt' (42)

where @ is the mean of milk output for the sample, Xi= the k™ input and X;= other inputs

used apart from the k™ input. For the simplified translog, the output elasticity is given by:

dIn(Q) _
oin(X,)

ﬂk + B YR (4.3)
where YR is a time trend variable, and the rest of the variables are as defined above®,
The estimated values from eqgns. 4.2 and 4.3 refer to the elasticity of best practice

production with respect to the inputs involved (i.e., neutral inefficiency model).

% For both the conventional translog and simplified translog formulations, the elasticities were
evaluated at the mean values of the variables.
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However, if the inefficiency model is specified such that it contains interaction terms
between the explanatory variables of the inefficiency model and the frontier (i.e., the
non-neutral inefficiency model) then the elasticity of mean output with respect to the
input involved includes a component referred to as the elasticity of the technical
efficiency with respect to the k-th input variable*. This component is zero for the neutral
inefficiency model (Huang & Liu, 1994, Battese & Broca, 1996)%°.

The inefficiency model for this study includes the ratio of capital to labour as one
of the variables explaining the inefficiency. Thus, by estimating this model
simultaneously with the stochastic production frontier, both the elasticities of output for
best practice (i.e., for the neutral inefficiency model) with respect to labour and capital
are affected by the capital to labour ratio variable. Although the computed output
elasticities relate to the neutral model, the elasticity of technical efficiency with respect to
labour in this study is negative and vice versa for capital; hence the total elasticity of
output with respect to labour is greater than that for best practice, and vice versa for
capital.

The elasticities reported below are from the simplified translog (evaluated at the
mean value for YR) and the Cobb-Douglas formulations (Table 4.3). The elasticities for
the Cobb-Douglas specification are the estimated coefficients of the log-linearized
production frontiers. The output elasticities from the conventional translog are presented
in Appendix 1b and are not included in the discussion for reasons noted earlier.

For the Cobb-Douglas and simplified translog frontiers output elasticities in both
Estimations 1 and 2 are all positive. This implies that using more of any of the inputs

would lead to increased output, as theory postulates for rational producers. In discussing

* The elasticity formula for the non-neutral inefficiency model is given in Battese and Broca (1996).

%0 It has been argued that because of the correlations between the explanatory variables of the frontier
and the inefficiency effects, the maximum likelihood estimators of the parameters of the Huang and Liu
(1994) model would not be consistent (Battese & Broca, 1996).
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these results further, three sets of comparison can be made. The first is the comparison
of the relative importance of each input in a given estimation; the second is the
comparison between Estimation 1 (which includes years of farming in the TE model)
and Estimation 2 (which does not include years of farming), and the third is the
comparison of elasticity measures between the Cobb-Douglas and simplified translog
formulations.

The elasticities for the Cobb-Douglas specification are the estimated coefficients
of the log-linearized production frontiers. The elasticities reported below are from the
simplified translog (evaluated at the mean value for YR) and the Cobb-Douglas
formulations (Table 4.3). The output elasticities from the conventional translog are
presented in Appendix B and are not included in the discussion for reasons noted
earlier.

For the Cobb-Douglas and simplified translog frontiers output elasticities in both
Estimations 1 and 2 are all positive. This implies that using more of any of the inputs
would lead to increased output, as theory postulates for rational producers. In discussing
these results further, three sets of comparison can be made. The first is the comparison
of the relative importance of each input in a given estimation; the second is the
comparison between Estimation 1 (which includes years of farming in the TE model)
and Estimation 2 (which does not include years of farming); and the third is the
comparison of elasticity measures between the Cobb-Douglas and simplified translog
formulations.

All of the output elasticities range between 0.02 and 0.1. The highest output
elasticity is obtained with respect to other inputs (Ol) followed by the elasticity with
respect to grains and concentrates (GC). This is consistent across estimations and

specifications. Overall, the smallest output elasticity is with respect to the labour input.
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Table 4.3 Elasticity of Output with Respect to Inputs for Production Frontiers

COBB-DOUGLAS SIMPLIFIED TRANSLOG®
INPUT ESTIMATION ESTIMATION | ESTIMATION ESTIMATION
1 (1980- 2 (1986- 1(1980-1996) 2 (1986-1996)
1996) 1996)
Grains and
Concentrates 0.08 0.08 0.08 0.08
Hay and Forage 0.03 0.03 0.02 0.04
Labour 0.03 0.02 0.04 0.03
Capital 0.04 0.02 0.05 0.03
Other Inputs 0.09 0.10 0.08 0.08
Returns to scale 0.27 0.25 0.27 0.26
(RTS)

*The elasticities for the simplified translog are evaluated at the mean value for YR.
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Higher output response with respect to Ol and GC may indicate that purchased material
inputs are utilized more productively than labour. The relatively higher values for Ol and
GC may simply be an indication that, given current production practices, these inputs are
more productive "at the margin”.

Across estimations, higher output elasticities are observed with respect to capital
(K) for the Cobb-Douglas frontier, and capital (K) and Hay and Forage (HF) for the
simplified translog frontier. The effects of including the experience variable and the
variation in the sample size on output elasticities across estimations cannot be explained
systematically, since the effects are not similar across inputs. However, lower output
elasticity with respect to labour in Estimation 2 (which includes the experience variable)
may indicate that some of the effects of labour are shared by the experience variable,
which is embodied in labour. However, while there are numerical differences in the
elasticities, they are not significant in terms of magnitude, which is also true of the
comparison across functional specifications.

Comparing output elasticities across functional specifications, no systematic
pattern is observed for all inputs. The elasticities of output with respect to grains and
concentrates (GC) are the same in both specifications. Elasticities with respect to other
inputs (Ol) are higher in the Cobb-Douglas specification than in the simplified translog
frontier, whereas those with respect to labour and capital are higher in the simplified
translog frontier than in the Cobb-Douglas frontier.

Since the output elasticities are all positive and closer to zero than to one, it may
be concluded that Alberta dairy farmers are operating within the rational economic zone;
that is, in Stage Il of the production process where average physical product (APP) is
faling. However, Estimation 2 for the conventional translog formulation resulted in a

RTS value that is greater than 1, implying increasing returns to scale (Appendix 1A).
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The returns to scale (RTS) are the sum of the individual output elasticities for a
given estimation. From Table 4.3, it can be observed that RTS are comparable between
the Cobb-Douglas and simplified translog formulations. Theoretically, given the
assumption of zero profit in the long run, the functions should exhibit constant returns to
scale. However, RTS for both the Cobb-Douglas and simplified translog frontier are
lower than unity, implying decreasing returns to scale (DRS). Since the elasticity
estimates that resulted in DRS seem to be consistent with theoretical expectations, the
results in general tend to indicate that Alberta farmers are operating in an economically

rational scale®'.

4.2.2 Technical Efficiency Effects

To investigate if there exists significant technical inefficiency, the maximum likelihood
estimates of the y-parameter were used in a LR test. The y-parameter is the ratio of the
variance for the inefficiency error term (o®) to a sum of the variances for the total error
term, o.2=c” + 0,2 (Eqn. 3.5). Specifically, the test was cast as Hp: y=0; that is, there are
no significant TE effects in the production of milk by Alberta farmers.

Technical inefficiency of farms is said to be negligible the closer the y-parameter
is to zero. In the absence of technical inefficiency, all deviations are random, and the
standard average function (e.g., fitted using OLS) may be used to estimate the frontier.
On the other hand, as y approaches one, the model tends to be more deterministic, but
whether the deterministic frontier is appropriate depends on whether or not y is

significantly different from one.

*! The relation between returns to scale and profit is expressed as [1=PY(1-RTS) where I1 is profit, P is
output price, Y is output, and RTS is returns to scale — a function of output. This relation implies that
profit maximization is consistent with DRS. Kumbhakar argues that if efficiency and RTS vary across
farms, those with lower RTS and relatively more efficiency will be more profitable (Kumbhakar, 1991).
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The LR test for this hypothesis was conducted using the log-likelihood function
values of the estimated stochastic frontiers and the values of the corresponding OLS
production functions. More formally, the test is formulated as:

LR = -2(LLFg = LLFy) 4.4
where LLFy and LLFR are the log likelihood function values of the unrestricted (i.e.,
stochastic frontier) and the restricted (i.e., OLS) function, respectively.

From this test, the y-parameter estimates for Estimation 1 and Estimation 2 of
both production specifications were determined to be significantly different from zero
(Table 4.4). This implies that the technical inefficiency effects are significant; that is,
Alberta dairy farms are not 100 percent technically efficient and production functions
estimated by OLS do not provide an adequate representation of the data®.

For Estimation 1, the y estimates are not close to one, which may indicate that the
estimated stochastic frontier is different from the deterministic frontier. The y estimates
for Estimation 2 are very close to one, which may suggest that the stochastic frontiers for
Estimation 2 are not different from their deterministic counterparts. Since the distinction
between Estimation 1 and Estimation 2 is in the sample size, the results suggest that the
years that were not included in Estimation 2 have contributed to the stochastic nature of

Estimation 1.

4.2.3 Choice of Functional Form

In order to examine whether a particular functional form adequately represents the data
used, two tests were undertaken. First, the Cobb-Douglas function, which can be derived
as a special case of the conventional translog or the simplified translog, was tested to

determine if it adequately represents the data. Second, the simplified translog was

%2 For the Stochastic Frontier model to equal the average response function estimated by OLS
regression, the scale parameter y and all of the Technical Efficiency model (3) parameters except for
the constant should equal zero.
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tested against the conventional translog to determine if it adequately represents the
data.

The results of these tests are also summarised in Table 4.4 (Null Hypotheses b). The
hypothesis for adequacy of the Cobb-Douglas form was rejected in all cases but for
Estimation 2 vis-a-vis the simplified translog. This implies that the CD form could not be
chosen over the transiog specification for both Estimation 1 and Estimation 2; neither
could it be chosen over the simplified translog for Estimation 1. However, because the
Cobb-Douglas formulation is the commonly used functional form, the results of the
formulation are reported to afford comparison with other studies. In testing whether the
simplified translog adequately represents the data, given the translog specification, the
LR test resulted in the hypothesis being rejected for both Estimation 1 and Estimation 2,
implying that the simplified translog also could not be chosen over the conventional
translog specification.

Therefore, while it is inconclusive as to the choice between simplified translog
and Cobb-Douglas formulations, the translog was found to be the best choice. However,
the choice of the conventional translog needs to be qualified. As discussed earlier, most
parameter estimates of the conventional translog frontiers were found to be insignificant,
whereas some have incorrect signs relative to a priori expectations. Such results for the
parameter estimates may be caused by problems in the data. However, the examination
of whether the variables included in the production frontiers could be linearly related

using auxiliary regressions showed that they were not.
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Table 4.4. Likelihood Ratio (LR) Tests of Hypotheses for Parameters of the Cobb-
Douglas and Simplified Translog Stochastic Production Frontiers

COBB-DOUGLAS SIMPLIFIED TRANSLOG
Estimation 1  Estimation 2 | Estimation 1  Estimation 2
HYPOTHESIS (1980-96) (1986-96) (1980-96) (1986-96)
a) Ho:y=0 LLF,? 523.61 406.73 534.41 411.33
Estimated frontier not LLFg® 485.42 337.77 494.59 344.60
different from OLS
(average response) al 76.37 137.92 79.65 133.46
function. Critical Value
(5% Level) 14.85* 13.4* 14.85* 13.4*
Decision Reject Ho Reject Ho Reject Ho Reject Ho
b)(i)Ho:By=0 isj=1,2,....6 LLFy 566.14 431.87 566.14 431.87
(i) Ho:By=0 igj=1,2,...,5 LLFg 523.61 406.73 534.41 411.33
Interaction terms of the LR. 85.06 50.28 63.45 41.08
conventional translog Critical Value
are all equal to zero, (5% Level) 32.67* 22.36* 32.67* 22.36*
implying (i) CD and (ii)
Simplified translog** Decision Reject Ho Reject Ho Reject Ho Reject Ho
c) (i) Ho:81=02=...=35=0 LLFy 523.61 406.73 534.41 411.33
(Estimation 1)
(ii) Ho:81=82=...=8¢=0 LLFr 514.84 384.92 523.01 389.25
(Estimation 2)
LR 17.54 43.62 22.80 44.16
All parameters on the
variables explaining Critical Value 11.07* 12.59* 11.07* 12.59*
technical efficiency are (5% Level)
simultaneously equal to
zero (i.e., no TE effects)  Decision Reject Ho Reject Ho Reject Ho Reject Ho

* Critical Values are obtained from Kodde and Palm (1986). These values entail a mixed x2
distribution. Because y=0 lies on the boundary of the parameter space for y, the LR statistic for
testing if Ho: y=0 is true has an asymptotic distribution that is a mixture of Chi-square distributions

(Coelli et al. 1998).

**The hypothesis of whether the interaction terms with time of the simplified translog are all equal to

zero (i.e., Ho:p=0, i=1,2,...,6) was rejected

Estimation 2 (1986-96).
 LLFy and LLFr are the log likelihood function values of the unrestricted and the restricted function,

respectively.

® LR is the computed Likelihood Ratio value
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4.2.4 Extent of Technical Inefficiency

This sub-section assesses the extent of technical efficiency by considering the mean,
the median and the distribution (in percentage of farms) of TE among the sample of
Alberta dairy farms. These measures were computed from results on TE estimates for
individual farms. The mean TE shows the extent of technical efficiency of farms on

 average. Table 4.5 shows that the mean TE ranges between 0.87 and 0.92 for both
Estimation 1 and Estimation 2. These results imply that Alberta farmers, by utilising the
same amount of inputs more efficiently, could improve the average output of milk by up
to 9 percent (Estimation 1) or by up to 13 percent (Estimation 2).

Since the mean TE'’s are not independent, a Wilcoxon test, which tests mean
ranks rather than levels, was used to check for equality of mean TE's between
Estimation 1 and Estimation 2 and between specifications. The null hypothesis that the
mean ranks of the two tested sets do not substantially differ was rejected for all sets,
except for the pair of mean TE in Estimation 2 between Cobb-Dougias and simplified
translog specifications.

The results of the Wilcoxon test show consistency with the distributions of TE
estimates in Figure 4.1. Across the two specifications, the charts indicate the difference
between the distributions in Estimation 1 and Estimation 2. Whereas at least 68 percent
of the farms are operating at 90 percent or more level of technical efficiency in
Estimation 1, a slightly lower performance is observed in that at least 50 percent of the
farms are operating at 90 percent or more in Estimation 2. Similarly, a higher percentage
of farms with TE levels of 80 percent or more is observed in Estimation 1 than
Estimation 2. These estimations are based on different sample sizes; hence, the years
excluded in a shorter sample may have entailed some factors that may have affected the

estimates.
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Moreover, the estimations for the simplified translog (Eqn. 4.1), which show
similar pattern in the distribution of TE, were not rejected by the null hypothesis in the
Wilcoxon test, which contrasts with estimations of the Cobb-Douglas, whose null
hypothesis in a similar test was rejected. Furthermore, Table 4.5 shows the extent of TE
as gauged on the median of TE. In both Estimation 1 and Estimation 2 across both
specifications, the median TE is slightly larger than the mean, implying that more than
half of the farms are technically more efficient than the “average” farm. These results in
general point to the homogeneity of performance among Alberta dairy farmers, which is
further evidenced by a very small variance in the mean of TE’s that is in the order of less

than 0.005 in Estimation 1 and 0.01 in Estimation 2, respectively (Table 4.5).

4.2.5 Technical Inefficiency and Explanatory Variables

To understand potential sources of technical inefficiency for Alberta dairy farms, both the
overall significance of the model for explaining TE and the significance of coefficients for
the explanatory variables of the model were examined (Eqn. 3.5). The overall
significance of the TE model involved tests of the three stochastic frontier production
function (Cobb-Douglas, simplified translog and conventional translog) specifications for

both Estimation 1 and Estimation 2. The null hypothesis was specified as follows:
Ho:6, = 0, V,, i=1,2,3,4,5 for Estimation 1 or i=1,2,3,4,5,6 for Estimation 2 %, In other
words, the coefficients for the variables explaining technical inefficiency in the TE model

are simultaneously zero.

The above hypothesis was tested using a Likelihood Ratio (LR) test, in which the

restricted TE model has only the constant term. The restricted form implies that the

53The variables in Estimation 1 include the ratio of Grains and Concentrates to Hay and Forage (GH),
the ratio of Capital to Labour (KL), Breeding and Veterinary services (BE), Time variable (YR), and
Herd size (HS). Estimation 2 includes, Years of Farming (YF) in addition to the variables included in
Estimation 1.
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combined effect of the explanatory variables on the TE of farms is insignificant. The
results for the Cobb-Douglas and simplified translog specifications are shown in Table
4.4, Null Hypothesis (c). In both Estimation 1 and Estimation 2, the nuil hypothesis was
rejected for both specifications, indicating that the TE model is statistically significant in
explaining the causes of technical inefficiency of Alberta dairy farms®.

Following the existence of TE in the production of milk by Alberta dairy farmers,
the discussion below elaborates on the influence of factors in the TE model in explaining
the technical efficiency of Alberta milk producers. A summary of the results is provided in

Table 4.6.

4.2.5.1 Capital to Labour Ratio

The coefficient on the capital-to-labour ratio variable (KL) is positive but statistically
insignificant in both Estimation 1 and Estimation 2. A positive sign on this coefficient
indicates that farms using less capital relative to labour tend to be more technically
efficient. However, since the coefficient is statistically insignificant, the results are
inconclusive as to whether greater relative capital intensity tends to enhance technical

efficiency.

4.2.5.2 Ratio of Grain and Concentrates to Hay and Forage

The coefficient on the ratio of grain and concentrate to hay and forage (GH) is negative
and statistically significant for both specifications and both estimations. It was
conjectured in Section 3.1.1 that the effect of grains and concentrates could be either

positive or negative on milk production. The above results indicate that Alberta dairy

farmers can enhance technical efficiency by increasing this ratio.

** The hypothesis was also rejected in the conventional translog specification.
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Table 4.5 Technical Efficiency (TE) Measures from Cobb-Douglas and Simplified

Translog Production Frontiers

COBB-DOUGLAS

SIMPLIFIED TRANSLOG

Estimation 1  Estimation2 | Estimation1  Estimation 2
(1980-96) (1986-96) (1980-96) (1986-96)
Mean TE 0.91 0.87 0.92 0.88
Median 0.93 0.91 0.93 0.91
Max. Value 0.98 0.98 0.99 0.98
Min. Value 0.49 0.47 0.59 0.52
Variance 0.004 0.01 0.003 0.01
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These results, however, are predicated on the assumption that there is no variability in
the sample as regards to herd health. The interaction term between this variable and
herd health would have given more insights into the effect of herd health on technical
efficiency, but it was not included due to lack of data. The significance of GH variable
ties in with the earlier result concerning the production elasticity for grains and

concentrates (GC).

4.2.5.3 Breeding and Veterinary Services

The coefficients for the breeding and veterinary services variable (BE) in all estimations
are significant and negative, implying that farms that have higher breeding and
veterinary services per cow tend to be more technically efficient. Higher veterinary
services lead to healthier cows whose output of milk is closer to the frontier than for
those utilising lesser amounts of these services. This effect, however, may also be due
to investment in improved genetics; that is, the use of higher quality semen resulting in a

greater breeding cost (Richards & Jeffrey, 2000).

4.2.5.4 Time Variable

The coefficient on the time variable (YR) is insignificant in all estimations. This implies
that technical efficiency for Alberta farms is likely to have remained more-or-less the
same over the period examined in the study. However, the impact of time is captured in
the production function by technological change, as the time variable in the production

frontier models is positive and significant.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



100

Table 4.6 Coefficient Estimates for Models Explaining Technical Efficiency

COBB-DOUGLAS SIMPLIFIED TRANSLOG

Estimation 1 Estimation 2 Estimation 1 Estimation 2 (1986-
——{1980:96) | ___(19686-96) _ | __ {1980-96)  __.____- 90) e

COEFF. T- | COEFF T- | COEFF T- | COEFF T-
e RATIO | ... ..RATIO| ... RATIO | . ...........RATIO

VARIABLE®

CONST. 0.310 5.757 0.134 0.773 0.277 3532 0.137" 0.879

GH -0.143* -2973 | -0.241*  -2543 | -0.083 -2.070 | -0.230* -2.752

KL 0.013 1.210 0.035 1.166 0.025 1.993 0.038 1.397

BE -0.011* -4012 -0.007* -2299{ -0.012* -3.094 | -0.007* -2.278

YR 0.005 1.032 0.000  -0.020 0.001 0.072 { -0.001 -0.099

YF - - 0.009* 2.490 - - 0.009" 2.666

HS  -0.001 -1.756 | -0.001 -1.517 | -0.001 -1.659 | -0.001 -1.680

*Coefficient is significant at 5% level.

*The abbreviations for the variables are as follows:
GH - the ratio of Grains and Concentrates to Hay and Forage; KL — the ratio of Capital to Labour; BE -
Breeding and Veterinary services; YR — Time trend; YF - Years of Farming; HS — Herd size.
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4.2,5.5 Herd Size

The coefficient on herd size is negative, implying a positive relationship between
herd size and technical efficiency. However, this variable is insignificant at the 5% level
in both the Cobb-Douglas and simplified translog specifications. The insignificant
relationship between herd size and technical efficiency could be related to how herd size
is incorporated in the models, which represents merely the quantity but not the quality of
cows. With higher quality, it can be expected that same number of cows can produce
more output or same amount of output can be produced by smaller number of cows.
Consequently, a more definitive relationship between herd size and technical efficiency
would be captured only if a quality-of-cow variable were explicitly included in the models.
Alternatively, it may simply be that efficiency is not affected by herd size, or at least not
given the range of herd sizes in the sample (e.g., may be if much larger herd sizes were

present, we might see an effect).

4.2.5.6 Years of Farming:

The coefficient on the years of farming variable is significant and positive in all
three specifications, indicating that farmers with fewer years of farming tend to be more
technically efficient. These results are contrary to a priori expectations. Ordinarily, one
would expect that more years in farming business would lead farmers involved to learn
by experience and improve on their production.

However the above results may be rationalised if years of farming is linked to a
generation gap. Using the age of farmers as one of the variables to explain technical
efficiency, Seyoum et al. (1998) found a negative and significant effect, implying that
younger farmers were more technically efficient. Since farmers with more years of

farming are likely to be older, the results of this study tend to point to the dynamism of
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younger farmers in that they are likely to be more energetic, more educated, and more
enterprising than older farmers. As a result, they may have a greater propensity to seek

out and adopt new technologies and new management practices, for example.

4.3 Stochastic Cost Frontier Model Results

This section analyses results from the stochastic cost frontiers, in the same way as
those from stochastic production frontier estimation in the previous section. In Section
4.3.1, the elasticity of cost with respect to prices of inputs are reported and discussed.
Section 4.3.2 discusses the results from testing for the presence or absence of
economic inefficiency in the production of milk by Alberta dairy farmers are discussed.
Section 4.3.3 analyses the extent of economic efficiency as gauged by mean EE,
median EE and the distribution (in percentage of farms) of EE. Section 4.3.4 is a
presentation and discussion of the Likelihood ratio (LR) test resuits for the adequacy of
functional forms. The results of the EE model, estimated simultaneously with the
frontiers, are discussed in Section 4.3.5. Section 4.3.6 presents and discusses
measures of allocative efficiency (AE).

As in the case of production frontiers, the discussed results are primarily for the
Cobb-Douglas and simplified translog frontiers. Most of the coefficient estimates for the
parameters of these cost frontiers are positive and statistically significant at 5 percent
level (Tables 4.7 & 4.8). The results from the conventional translog cost frontiers, whose
coefficients were mainly negative and statistically insignificant at the 5 percent level, are

summarized in Appendix 1B.

4.3.1 Elasticity of Cost with Respect to Input Prices

The own price elasticities for inputs are high, ranging from —0.55 -- -0.60 for Other inputs

(Ol) to -0.89 -- -0.84 for capital (K) (Table 4.7). Except for the elasticity of hay and forage
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that is far too high, the results in the current study may be compared to the elasticities
reported by Richards and Jeffrey (2000). However, the elasticity of labour demand from
this study (-0.66) is slightly lower (i.e., slightly inelastic) than the value reported in
Richards and Jeffrey (2000) (-0.815).

The derived returns to scale from the inverse of the differential of the cost frontier
with respect to output shows that the cost function exhibits increasing returns to size.
This is inconsistent with the results obtained from the production function in Section
4.2.1. However, consistency of these results is ordinarily assured for the cost function
derived from the production frontier using duality. While it is unclear as to what caused
the inconsistency, it may be conjectured that this may be related to the estimating of the
two frontiers separately. Hence, the estimates are likely to have been affected by
estimation of and data problems, for example, the Greene problem or the estimation of a

single equation rather than a system of equations for cost frontiers.

4.3.2 Economic Efficiency Effects

The maximum likelihood estimates of the y-parameter were used, as in the production
frontiers, to assess the presence or absence of EE effects; that is, a combination of
technical and allocative inefficiency. The presence of economic inefficiency is indicated
by a positive statistically significant value of the y-parameter. A deterministic frontier is
appropriate if values of y are not, in a statistical sense, significantly different from 1.
Economic inefficiency was expected since the results of a similar hypothesis in the

production frontiers above had already indicated the presence of technical inefficiency,

which is a component of economic inefficiency.
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Table 4.7 Elasticity of Cost with Respect to Input Prices for Alberta Dairy Farmers

COBB-DOUGLAS SIMPLIFIED TRANSLOG?

PRICE OF: ESTIMATION 1 ESTIMATION 2 | ESTIMATION 1 ESTIMATION 2
(1980-1996) (1986-1996) (1980-1996) (1986-1996)

Grains and
Concentrates -0.83 -0.88 -0.84 -0.88
Hay and Forage -1.014 -0.99 -1.014 -0.98
Labour -0.66 -0.65 -0.68 -0.65
Capital -0.89 -0.89 -0.87 -0.84
Other Inputs -0.60 -0.55 -0.58 -0.61

®The elasticities for the simplified translog are evaluated at the mean value for YR.
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In all of the estimations, the y-parameter estimates were found to be very large and
statistically significant at a 5% level (Tables 4.8 & 4.9), an indication that economic
inefficiency effects are very significant in the analysis. These t-test results were further
confirmed with the LR-test for the presence of EE effects in which the null hypothesis,
H.: y=0 was tested; that is, there are no significant EE effects in the cost of production of
milk output by Alberta dairy farmers. In this LR test (see Eqn. 4.4), the unrestricted log
likelihood functions (LLFy) were obtained from the full stochastic cost frontiers and the
restricted ones (LLFR) from the corresponding OLS cost functions. The interpretation is
similar as in the case of production frontiers: with no EE effects, the variance of u is
zero, and the deviation in cost of production is attributed wholly to randomness. Hence,
the estimation of cost frontiers by OLS would be appropriate.

The hypothesis was rejected in all estimations (Table 4.10 Hypothesis a), which
implies that the Alberta dairy farms are not fully economically efficient. This may be
primarily due to technical inefficiency, calculated earlier, or may also be caused by
allocative inefficiency, which is examined below (section 4.3.6). The rejection of the
hypothesis implies also that the cost functions estimated by OLS are not adequate
representations of the data.

The t-test for the null hypothesis that y estimates are equal to one indicates that
in all estimations, the estimates are significantly different than 1 (t= -5.13 and —4.17 in
Cobb-Douglas and -5.34 and -4.81 in simplified translog frontiers). This indicates that
the estimated stochastic cost frontiers are significantly different from their respective
deterministic kernels. The implication is that, during the time period considered, random
factors were significant in the discrepancy between actual and optimal costs of

production for Alberta dairy farmers.
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4.3.3 Choice of Functional Form

An LR test was conducted to examine the appropriateness of the Cobb-Douglas and
simplified translog cost frontiers relative to the conventional translog specification®.
coefficient estimates of the frontiers®. Consequently, the results of the conventional

translog cost frontier are not reported or discussed in this section.

4.3.4 Extent of Economic Inefficiency

The extent of economic efficiency of farms is indicated by the mean and median EE
(Table 4.11) and the distribution of EE (Figure 4.2), computed from the results of EE
estimates on individual farms. The estimate of average economic efficiency of farms
(mean EE) is approximately 83-84 percent. This implies that the average farm could
reduce costs by approximately 16 percent if it were to improve its use of inputs so as to
get maximum output as well as to allocate them to incur the least cost.

The Spearman rank correlations of EE levels between Estimation 1 and
Estimation 2 of the Cobb-Douglas and simplified frontiers and across the two
specifications are very high. The Wilcoxon test for the equality of the EE distributions
indicates, however, that the paired distributions are not exactly the same (p-value
0.001). The median of EE is above the mean EE in all estimations (i.e., approximately 86

percent versus 84 percent, respectively). This indicates that more than half of Alberta

%% The hypothesis whether the interaction terms with time of the simplified translog are all equal to zero
(i.e., Hyp:By=0, i=1,2,...,6) was also tested. It was rejected in Estimation 1 (1980-96) and was not
rejected in Estimation 2 (1986-96).

% In testing the equivalence of the Cobb-Douglas formulation to the conventional translog, all second
order coefficients of the conventional translog were restricted to zero and the log-likelihood function
value (LLFg) was compared to the log-likelihood function value of the unrestricted form (LLF,). For the
equivalence of the simplified translog to the conventional translog, the test involved the restriction of
the second order coefficients to zero except those of the time trend. The resulting log-likelihood
function values from the restricted and unrestricted form were compared in a LR test. The LR test
rejects the equivalence of the Cobb-Douglas and the simplified translog cost frontiers to the
conventional translog cost frontiers. The test results are indicated in Table 4.9.
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dairy farms are operating at economic efficiency levels that are higher than the
“average”.

The results, as in the case of the production frontiers, favoured the conventional
translog form. However, this functional form did not result in satisfactory results with
regard to the farm; that is, in terms of both physically utilising the inputs and in allocating
them according to their relative prices. In terms of the percentage distribution of EE
levels (Figure 4.2), 70 percent of the farms are operating at 80 percent level of economic
efficiency or higher, and 90 percent of the farms at 70 percent level or higher. Only about
5 percent or less are below the 60 percent efficiency level. In addition to efficiency
measures being predominantly in the 70-99 percent range, the distribution of EE levels
is characterised by fow variance (i.e., less than 1.5%), which is an indication of a high

degree of homogeneity of performance among Alberta herds.

4.3.5 Economic Efficiency and Explanatory Variables

Given that the LR test has indicated the presence of economic inefficiency, the
discussion in this section addresses the economic efficiency model. In particular, is the
Economic Efficiency (EE) model (Eqn. 3.13) significant and, if so, what factors are
individually significant in explaining the inefficiency? The statistical significance of the EE
model is established using a joint F-test for the coefficients of the model with the effect
that if the explanatory variables are jointly statistically insignificant then the model for
explaining EE is irrelevant. The significance of the explanatory variables is examined

using the t-test.
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Table 4.8 Estimated Coefficients for the Cobb-Douglas Cost Frontiers

ESTIMATION 1 ESTIMATION 2
1980-1996 1986-1996
VARIABLE COEFF. T-RATIO COEFF. T-RATIO
Constant TTT2907" 20672 2862 14.654
Output (Q) 0.466* 13.254 0.489* 10.385
Price” of
Grains and Concentrates 0.171* 7.330 0.118* 4.002
(PGC)
Hay and Forage (PHF) -0.014 -1.025 0.008 0.482
Capital (PK) 0.336" 11.603 0.347* 9.757
Other Inputs (POI) 0.396* 10.993 0.412* 9.465
Year (YR) 0.012* 5.027 0.018* 5.687
. 0.119* 11.220 0.313* 4.829
0.865" 35.934 0.950* 83.452

Y (=0'2u/ 0'2u"'0'2v)
? Prices are relative to the price of labor
* Coefficients are significant at 5% percent.

Table 4.9 Estimated Coefficients for the Simplified Translog Cost Frontiers

ESTIMATION 1 ESTIMATION 2
1980-1996 1986-1996

VARIABLE COEFF. T-RATIO COEFF. T-RATIO
Constant TTT28120 12555 | 2.338° 5747
Output (Q) 0.487* 8.700 0.561* 5.689
Price® of

Grains and Concentrates 0.300* 6.080 0.209* 3.359
(PGC)

Hay and Forage (PHF) -0.061* -2.227 0.081* 2.245

Capital (PK) 0.398* 6.668 0.561* 5.929

Other inputs (POI) 0.234* 3.390 -0.008 -0.075
Year (YR) 0.008 0.322 0.101 1.534
QYR 0.000 0.003 -0.010 -0.631
PGC.YR -0.015* -3.084 -0.014 -1.379
PHF.YR 0.005 1.734 -0.010 -1.776
PK.YR -0.008 -1.408 -0.033* 2.474
POLYR 0.020* 2.825 0.063* 3.694
YR.YR 0.001 1.582 0.000 -0.254
. 0.120* 9.882 0.137* 9.014
y (F0?Jo?+c2) 0.871* 33.807 0.891* 46.202

¥ Prices are relative to the price of labor.
* Coefficients are significant at 5% percent.
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Table 4.10 Likelihood Ratio (LR) Tests of Hypotheses for Parameters of the Cobb-
Douglas and Simplified Translog Stochastic Cost Frontiers

COBB-DOUGLAS SIMPLIFIED TRANSLOG

Estimation 1 Estimation 2 | Estimation 1 Estimation 2

HYPOTHESIS (1980-96) (1986-96) (1980-96) (1986-96)
a) Ho:y=0
LLF? 250.83 171.55 260.53 190.94
Estimated frontier not
different from OLS LLFR? 169.16 89.17 178.02 107.97
(average response) b
function. LR 163.33 164.76 165.03 165.85
Critical Value 14.85* 13.4* 14.85" 13.4*
(5% Level)
Decision Reject Hp Reject Ho Reject Ho Reject Ho
b)(i)Ho:By=0 i<j=1,2,...,6
LLF® 285.51 214.74 285.51 214.74
(ii) Ho:By=0 i<j=1,2,...,5
LLFR? 250.83 171.55 260.53 190.94
Interaction terms of the b
conventional translog LR 69.36 86.38 49.96 47.6
are all equal to zero,
implying (i) CD and (ii) Critical Value 32.67* 22.36* 32.67* 22.36*
Simplified translog* (5% Level)
Decision Reject Ho Reject Ho Reject Ho Reject Ho
¢) (i) Ho:51=82=...=85=0
(Estimation 1) LLF2 250.83 171.55 260.53 190.94
(i) Ho:81=82=...=8¢=0
(Estimation 2) LLF&® 239.44 153.03 252.76 173.51
Ali parameters on the LR® 22.78 37.04 15.54 34.86
variables explaining
technical efficiency are Critical Value 11.07* 12.59* 11.07* 12.59*

simultaneously equalto (5% Level)
zero (i.e., no EE effects)

Decision Reject Ho Reject Hp Reject Ho Reject Ho

* Critical Values are obtained from Kodde and Palm (1986). These values entail a mixed xz
distribution. Because y=0 lies on the boundary of the parameter space for y, the LR statistic for
testing if H,: y=0 is true has asymptotic distribution that is a mixture of Chi-square distributions (Coelli
et al. 1998).

*The hypothesis whether the interaction terms with time of the simplified translog are all equal to zero
(i.e., Ho:Bu=0, i=1,2,...,6) was rejected in Estimation 1 (1980-96) and was not rejected in Estimation
2 (1986-96).

2 LLFy and LLFR are the log likelihood function values of the unrestricted and the restricted function,
respectively.
®LR is the computed Likelihood Ratio value
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Table 4.11 Economic Efficiency (EE) Measures for Cobb-Douglas and Simplified
Translog Cost Frontiers

COBB-DOUGLAS SIMPLIFIED TRANSLOG

Estimation 1 Estimation 2 | Estimation 1 Estimation 2
(1980-96) (1986-96) (1980-96) (1986-96)

Mean EE 0.83 0.83 0.84 0.84
Median 0.86 0.86 0.87 0.87
Max. Value 0.97 0.97 0.97 0.97
Min. Value 0.32 0.32 0.33 0.31

Variance 0.011 0.013 0.11 0.012
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Figure 4.2 Distribution of Economic Efficiency (EE) in Percentage Terms, by Functional

Form and Estimation
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The null hypothesis for testing for the significance of the EE model was specified as in

the production frontier,

Ho: &= 0, V,, i=1,2, ..., 5 for Estimation 1 ori = 1, 2,..., 6 for Estimation 2

Shouldn't this coefficient be  instead of §?
that is, the coefficients on the variables explaining economic efficiency in the EE model
are all equal to zero.

The LR test used values of the loglikelihood functions for stochastic cost frontiers
estimated simultaneously with the full EE model (LLF) and the corresponding values for
the frontiers when estimated with the EE model including only the constant term (LLFR).
From the results for this test, the hypothesis was rejected for all estimations (Table 4.10
-Hypothesis c¢). This implies that the EE model (Table 4.12) has statistical merit in
modelling economic efficiency for Alberta dairy farmers.

Most of the results of the EE model are consistent with those of the TE model, at
least for the coefficients that are statistically significant. One exception is the coefficient
on breeding and veterinary services (BE). It was expected that factors that influence TE
should also influence EE, since TE is a component of EE. Below is the elaboration of

how the factors influence economic efficiency.

4.3.5.1 Ratio of Grain and Concentrates to Hay and Forage:

The coefficient for the ratio of grain and concentrates to hay and forage (GH), although
statistically insignificant, is negative in three out of four estimations. The negative sign on

the coefficient indicates that farmers would enhance economic efficiency by increasing

3" The variables in Estimation 1 include the ratio of Grains and Concentrates to Hay and Forage (GH),
the ratio of Capital to Labour (KL), Breeding and Veterinary services (BE), Time variable (YR), and
Herd size (HS). Estimation 2 includes Years of Farming (YF) in addition to the variables included in
Estimation 1.
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the ratio, as was found in the case of technical efficiency. However, because the
coefficient is statistically insignificant in most of the estimations, it remains inconclusive

as to how the efficient allocation of inputs is influenced by the feed ingredient mix.

4.3.5.2 Capital to Labour Ratio

The coefficient for the capital-to-labour ratio variable (KL) is negative and highly
statistically significant at a 5% level in all estimations. This implies that farms utilising
more capital relative to labour tend to be more economically efficient. In other words,
capital facilitates efficiency in cost minimisation to a greater degree than labour does for
a given level of production.

4.3.5.3 Breeding and Veterinary Services:

The coefficient for the breeding and veterinary services (BE) variable is highly significant
and positive in all estimations. This suggests that higher breeding and veterinary
services per cow do not tend to translate into greater economic efficiency for farms.
These results are opposite of the results for the TE model, and are contrary to the
hypothesized relationship. The implication is that though more utilisation of breeding and
veterinary services tends to enhance output, it may not simultaneously be resuiting in
optimal allocation of resources; hence, it does not facilitate the minimisation of

production costs.

4.3.5.4 Trend Variable:

The coefficient on the trend variable (YR) is again statistically insignificant for all
estimations. These results indicate that economic efficiency does not change
significantly over time. Hence, time seems to have no bearing on economic efficiency, as

was similarly indicated for technical efficiency in the production frontier model.
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Table 4.12 Coefficient Estimates for Models Explaining Economic Efficiency of a Sample

of Alberta Dairy Farms
COBB-DOUGLAS SIMPLIFIED TRANSLOG
Estimation 1 Estimation 2 Estimation 1 Estimation 2
--(1980:96) | __ (1986-96) _ 1 _ (1980-96) _ | __(1986-96) __
COEFF. T- | COEFF. T- | COEFF. T- | COEFF. T-
RATIO RATIO RATIO RATIO
VARIABLE® =~~~ T
CONST. -0.285* -2.880 | -2.292* -3.606 | -0.313" -3.144 | -0.686* -4.583
GH -0.042 -1.168 -0.029 -0.577 -0.042 -1.168 0.024 0.581
KL -0.232* -2.660 | -0.407* -12.831 | -0.231* -2.052 | -0.307* -3.340
BE 0.004* 4.255 0.012* 4.871 0.005* 4125 0.007* 5.084
YR -0.005 -0.769 -0.027 -1.813 -0.004 -0.545 | -0.032* -2.745
YF - - 0.028* 4.470 - - 0.013* 5.496
HS 0.003* 4.069 0.005" 3.421 0.002* 3.172 0.003* 3.565

*Coefficient is significant at 5% level.
*The abbreviations for the variables are as follows

GH - the ratio of Grains and Concentrates to Hay and Forage; KL — the ratio of Capital to Labour; BE
— Breeding and Veterinary services; YR — Time trend; YF — Years of Farming; HS — Herd size.
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4.3.5.5 Years of Farming:

The coefficient for the years of farming variable (YF) is significant and positive in all
estimations, indicating that farmers with fewer years of farming tend to be more
economically efficient. These results are similar to those for the TE model. However,
they are contrary to the hypothesis that efficiency improves with time because of
learning. As conjectured in the discussion of results of the TE model, farmers with few
years of experience are likely to be young, and perhaps more “dynamic” than more

experienced producers.

4.3.5.6 Herd Size:

The coefficient for herd size (HS) is positive and significant in all estimations, which
indicates that smaller herds tend to be more economically efficient than larger herds.
These results do not tend to support the observed trend that show that herd expansion is
a viable strategy. At the very least, this would suggest that any benefits of size
economies in Alberta dairy production may be partially offset by reduced efficiency. This
may be rationalized in view of the possibility that smaller herds allow for better
management and thus better decision making, or due to differences in cow quality in

terms of genetics, either of which would result in improved economic efficiency.

4.3.6 Economic Efficiency and Allocative Efficiency

An attempt was made to decompose economic efficiency into its two components of
allocative and technical efficiency, following the method suggested by Kopp and Diewert
(1982) (Section 3.2.4). However, for both the simplified translog and translog
formulations there was no convergence to a solution. This method involves
computations for a system of equations to solve for relative input prices and input

amounts used at the point that is technically efficient but aliocatively inefficient.
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Moreover, similar computations for the Cobb-Douglas formulation gave results that
implied that efficiency was greater than one, which was at variance with measures of
technical and economic efficiency in the single-equation estimations. For these reasons
the Kopp and Diewert method could not be pursued further.

The breakdown of economic efficiency into technical and allocative efficiency was
derived mathematically only for the Cobb-Douglas formulation, since it is self-dual®.
Mean allocative efficiency (Mean AE) was derived following the relationship that
economic efficiency is a product of allocative and technical efficiency. First, the EE
estimate from the cost frontier for each farm was divided by the corresponding mean TE
estimate from the production frontier. Mean AE was then obtained as a simple average
of AE’s for individual farms. From this computation, average allocative efficiency was
found to equal 0.88 percent and 0.92 percent for Estimation 1 and Estimation 2,
respectively. This implies that the average farm wouid reduce its cost by 8 to 12 percent
if it were to allocate the inputs in an optimal fashion, according to their relative prices.

Figure 4.3 shows the percentage distribution of AE levels for Estimation 1 and
Estimation 2 computed from corresponding Cobb-Douglas production and cost frontiers.
Approximately 85 percent of the farms are operating at an allocative efficiency level that
is 80 percent or higher, and 93 percent of the farms are at a 70 percent level of
efficiency or higher. As in the case of TE and EE, most farms are in the 70-99 percent
range of allocative efficiency, which is further indication of a high degree of homogeneity

of performance among Alberta herds.

%8 As discussed in the previous chapter, the results of the decomposition procedure used here should
be interpreted with caution. The usual process for utilizing the self-dual nature of the Cobb-Douglas
functional form would involve deriving the cost frontier directly from the production frontier. In the
current study, the cost frontier is estimated separately from the production frontier. Hence, there were
no restrictions imposed that would guarantee consistency in parameter estimates.
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4.4 Discussion of Results

The results presented in the two sub-sections above are further analysed on two levels.
The first level is the relative performance among Alberta farms. The second level is the
comparison with other studies on efficiency in North America. However, comparison at
the second level should be taken with caution because it can only be justified if, at least,
the technology used by the farms, the methods of estimation, and the variables included
in the used models and their definitions are the same. For example, Bravo-Ureta and
Rieger (1990) found considerable variability in technical efficiency of farms estimated
with different methods, even though the data set was the same. However, the results
showed technical efficiency measures from these methods to be highly correlated, giving
similar ranking of farms. Cloutier and Rowley (1993) used a deterministic model to
examine the effect of linear aggregation of inputs (by value). They found that the number
of fully efficient farms as well as the value of TE decreased with increased aggregation,

despite using a common set of data.

4.4.1 Efficiency Levels

The findings suggest that both average technical and economic efficiency levels of
Alberta dairy farms are high (for example, mean TE is 0.91 and mean EE is 0.83). In
addition, the findings suggest that the difference between the highest and lowest
efficiency levels is bigger with respect to economic efficiency than for technical
efficiency. These findings are somewhat similar to those of previous studies that
analysed efficiency of Alberta dairy farmers. The mean TE and mean EE levels in this
study are slightly lower than in Richards and Jeffrey (2000) (0.94 for TE and 0.91 for EE)
and higher than the mean TE in Richards and Jeffrey (1996) (0.85 with iterative Average

Frontier (AF) method or 0.83 with Composed Error (CE) method) for the same farms.
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Figure 4.3 Distribution of Allocative Efficiency (AE) (Percentage of Farms) for Cobb-

Douglas Frontiers, by Estimation
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Although the studies drew from the same data pool, there are differences in the methods
used and in the results that reveal the contribution by this study. In addition to using
different methods in estimating efficiency, the previous studies relied on short periods;
hence, they did not analyse efficiency over time. By analysing efficiency over a long
period, this study has shed more light on the performance of Alberta farms in that the
effect of time on both technical and economic efficiency levels has been tested and
found to be statistically insignificant.

The comparison of results with other Canadian and US studies can only signal
the similarity or differences in the measures, since the studies involved are based on
different data sets and methods. Weersink et al. (1990) results for Ontario dairy farms
(0.92 for overall efficiency average and 0.95 for mean TE) are slightly higher than the
estimates from this. study. Mbaga et al. (2000) results for Quebec dairy farms with SFA
and DEA methods are higher (mean TE ranges between 0.92 to 0.97 for SFA and is
0.92 and 0.95 for DEA). The efficiency levels in this study are closer to those in Cloutier
and Rowley (1993) for Quebec dairy farms (TE of 0.91 for 1989 and 0.88 for 1988).

Moreover, in terms of the distribution of efficiency levels, Weersink et al. (1990)
found that more than 90 percent of the farms performed above 90 percent level of TE as
compared to 65 percent of the farms in this study. Mbaga et al (2000) found that with
DEA, 66 percent of the farms were within that range, whereas with SFA for the
Generalized Leontief frontiers, 93 percent of the farms were within that range. Romain
and Lambert (1992) found a smaller range in cost of production between the most
efficient and the least efficient farms for Quebec and Ontario dairy farms (13% and 16%
lower, respectively) than that found by this study (65% lower for EE). When compared to
US studies (e.g., Bravo-Ureta, 1986; Kumbhakar et al., 1989; Tauer, 1993; Ahmad &

Bravo-Ureta, 1996), the findings of this study on estimated efficiency are higher.
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4.4.2 Functional Forms

The choice of functional form is another contribution by this study to the understanding
of Alberta dairy farms, since previous studies on Alberta dairy production (e.g., Richards
& Jeffrey 1996; 1998; 2000) did not address this issue. The results of the Cobb-Douglas
and simplified translog formulations seem to be better with regard to the sign and
statistical significance of the coefficients as compared to the conventional translog
formulation. Still the translog formulation was found to be the best representation of the
data, as it showed the highest likelihood from which the used data could have been
drawn, in addition to that the hypothesis test as to whether its interaction terms are
irrelevant could not be rejected.

The implications of these results for the choice of functional form are two-fold.
First, the results indicate that the interaction terms of the translog and, to a lesser extent,
those of simplified translog are important in modelling the structure of production and
costs of production for milk output by Alberta farms. The interaction terms add flexibility
to the examined structure by imposing fewer restrictions on the hypothesized
relationships. Fewer restrictions allow the model to more closely approximate the true
underlying technical or economic relationships. However, as discussed earlier, the
results of the conventional translog formulation could not meet a priori expectations; for
example, most of its parameter estimates are statistically insignificant. Second, even
though both the Cobb-Douglas and simplified translog formulations are not as flexible as
the translog formulation, the results of these formulations were consistent with a priori
expectations. In the view of this study, correct economic interpretation should be given
pre-eminence over structural elegance. Hence, the results of Cobb-Douglas and
simplified translog were adopted, with caution because of the restrictions being imposed

(as discussed earlier).
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Empirical evidence from other North American studies as to which formulation is
the most appropriate is not consistent. Kumbhakar et al. (1991) found that the Cobb-
Douglas formulation was not as appropriate as the Zeliner-Revankar specification. TE
measures estimated by Ahmad and Bravo-Ureta (1996) were invariant as to the Cobb-
Douglas or the simplified translog formulations. Mbaga et al. (2000) found the
Generalized Leontief to be the most appropriate formulation in the non-maize region, but
the Cobb-Douglas formulation the most appropriate in the maize region. Thus, the
findings in these studies, in addition to those of this study, tend to imply that the

appropriateness of functional forms is dependent on the data used.

4.4.3 Herd Size

in this study, smaller herds were found to be associated with high levels of economic
efficiency and vice versa for larger herds. However, the relationship with respect to
technical efficiency was found to be inconclusive. The results with respect to economic
efficiency tend to indicate that the strategy calling for herd size expansion in preparation
for increased competition (Western Producer, 1999) may come at the cost of reduced
economic efficiency. Many U.S. studies have consistently reported a positive effect of
herd size expansion on efficiency, although evidence from Canadian studies with regard
to this aspect is mixed. The results of this study, as are the results of related Canadian
studies, may be influenced by the supply management regime that has been in
operation during the time period for the current study. Policies related to the supply
management system (e.g., farm-level marketing quotas) will undoubtedly have had a
bearing on the level (as differentiated from the degree) of efficiency of all farmers,
including those with best practice.

As well, the existence of the quota system has placed an additional constraint

that limits producers’ ability to expand their herds. Thus the difference in herd size
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efficiency effects that exist between U.S. and Canadian studies may simply be due to a
lack of Canadian herds of sufficient size to truly capture a positive herd size effect.
Hence, the results of the current study may not be relevant in a new regime of free trade
and increased international competition.

With respect to the supply management regime, the findings of this study with
regard to economic efficiency may be interpreted in two ways. First, although large farms
may be able to exploit economies of scale, this advantage is generally at the expense of
reduced intensity and attention to the cow. Thus, output gains from economies of scale
may be outweighed by productivity loss due to reduced care. Second, the resuits need
to be qualified in that herd size was included in the models as if all herds were
homogeneous, without due consideration to quality differences in terms of genetics,
which are captured in technical change. Since technical change was found to be
significant, part of this is likely to be reflected in the improved quality of the herds over
time, hence the likelihood that a smaller number of improved head may be equally
productive or same number of improved head may be more productive.

The above results are not similar to Jeffrey and Richards (2000) who found for
Alberta farms that technical efficiency and allocative efficiency appear to be very similar
among herd size groups. The divergence in findings may be explained in that Jeffrey
and Richards (2000) used BCA indexes to account for genetic quality differences in
herds.

Evidence from other Canadian studies is mixed, as already pointed out. Romain
and Lambert (1992) found that farm size has no bearing on cash costs and costs of
production in general. Weersink et al. (1990) found that TE tended to rise with herd size.
Cloutier and Rowley (1990) found that the influence of herd size on TE varied,
depending on how the variable was used in the estimations. When herds were not

categorised, the results indicated that small herds were associated with higher levels of
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TE than large ones. However, when the herds were categorised into small and large
ones and separate estimations performed, the opposite was the case.

Some studies have estimated the maximum efficiency herd size. Weersink et al.
(1990) estimated maximum TE herd size to be 102 head for Ontario farms and Richards
and Jeffrey (2000) estimated maximum EE herd size at 70 head for Alberta. The
maximum EE herd size that Richards and Jeffrey (2000) estimated is lower than the
present average herd size of approximately 101 cows (Statistics Canada, 2002)%.
Hence, the results of this study, in addition to previous ones, imply that potential gains in
efficiency through herd expansion for Alberta farms may be limited. [t should, however,
be recognized (and noted) that this result may be somewhat affected by the state of
current milking and housing technology that is employed by producers in the sample. It
may well be the case that if the sample included producers who were much larger in
herd size, we might see some different results because of increased frequency of use of
alternative technologies that are better suited (i.e., conducive to increased efficiency) for
very large herds.

Most studies on efficiency in US dairy production show a positive relationship
between efficiency and herd size (e.g., Tauer & Belbase, 1987; Bravo-Ureta & Rieger,
1990, 1991; Tauer, 1993). However, the study by Bravo-Ureta (1986) found that
technical efficiency of farms was statistically independent of the size of the farm, as

measured by the number of cows.

4.4.4 Capital to Labour Ratio

The results indicated a positive relationship between the capital-to-labour ratio and
economic efficiency. This implies that increased capital intensity is more important in

enhancing cost minimisation than is increased labour intensity. Although the relationship

* Quoted from a table summarizing the number of dairy cows by province as of January, 2002;
available http://lwww.dairyinfo.agr.ca/cdicfpfarms.htm.
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between the ratio of capital to labour and technical efficiency was not conclusive, the
findings of this study with respect to economic efficiency do not share commonality with
findings for at least some other studies. Jeffrey and Richards (2000) found that labour
quality contributes significantly to economic performance; Romain and Lambert (1994)%
found that technical efficiency is directly related to the degree of labour intensity; and
~ Weersink et al. (1990) found highly capitalised farms to be less technically efficient.
Whereas these previous results tend to suggest that, given the amounts of capital and
labour that farms are now using, intensifying labour relative to capital is likely to lead to
increased output of milk or to reduced costs of producing milk, the results of this study

. tend to suggest the opposite.

4.4.5 Breeding and Veterinary Services

The study found contradictory results for breeding and veterinary services. Higher
breeding and veterinary expenses are associated with higher levels of technical
efficiency and lower levels of economic efficiency. This implies that the positive effect of
breeding and veterinary services on technical efficiency is outweighed by its negative
effect on allocative efficiency. The findings are not consistent with those of Richards and
Jeffrey (2000), who found that breeding and veterinary services tend to enhance
economic performance. The results, however, are consistent with the findings of Romain
and Lambert (1994) for both Ontario and Quebec®. The variable in this study included
amounts spent on breeding and veterinary expense per cow. This includes expenditures
to treat the herd if there is a health problem, to purchase breeding services through
artificial insemination, and to pay for other attention to herd health (Richards & Jeffrey,
1998). Therefore, the influence of the variable may have spill over of technological

change, but no attempt was made to disentangle it from efficiency effects. In spite of lack

* The Romain and Lambert (1994) study is referred to in Richards and Jeffrey (2000).
®' The results of Romain and Lambert (1994) are referred to in Richards and Jeffrey (2000).
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of preciseness in valuing the variable, the implication of the findings that farmers may
improve their technical performance through improving the quality of their breeding

programmes is still valid.

4.4.6 Ratio of Grains and Concentrates to Hay and Forage

The estimated coefficient for ratio of grains and concentrates to hay and forage (GH)
indicated that EE is enhanced by increases in the ratio, whereas the relationship with
technical efficiency was statistically insignificant. In spite of being more expensive per
unit, grains and concentrates have a higher nutritional content than hay and forage.
Depending on the current level grains and concentrates being fed, their increased
relative use enhance both technical and allocative efficiency. The results are consistent
with Richards and Jeffrey (2000) findings that utilized the same data set, though for a
shorter period of study. Romain and Lambert’s (1994)% study found that the increases in

the ratio tended to enhance technical efficiency.

4.4.7 Scale of Operation

The results for the production frontier analysis indicate that the Alberta farmers are
operating within stage Il of the milk production process, with decreasing returns to scale
(DRS) and positive marginal products from all inputs used®. Evidence from other studies
is mixed. Richards and Jeffrey (2000) found that CRS could not be rejected for Alberta
farms; Kumbhakar et al. (1991) found DRS for US dairy farms; Tauer and Belbase

(1987) and Tauer (1993) for New York farms and Ahmad and Bravo-Ureta (1996) found

IRS for Vermont dairy farms.

®2 These findings are also referred to in Richards and Jeffery (2000).

® As noted earlier in this chapter, the overall results from this study with respect to returns to scale or
size are conflicting. While the production frontier estimates suggest decreasing returns to scale, the
results from the cost frontier analysis suggest the reverse case. Itis unclear as to what is causing this
inconsistency.
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4.5 Effect of Alternative Distributional Assumptions for (u;)) on Efficiency Measures

This section summarizes results from the estimation of production and cost frontiers,
while examining to the sensitivity of efficiency estimates to assumptions concerning the
distribution of the inefficiency term (u;). This analysis is carried out using the full data set
(i.e., data used earlier in Estimation 1). The first sub-section (4.5.1) reports and
discusses results from the estimation of production frontiers and technical efficiency (TE)
with respect to the exponential, half-normal, and truncated-normal distributions in Cobb-
Douglas and (conventional) translog production frontier specifications. The second sub-
section (4.5.2) reports and discusses results from the estimation of cost frontiers and
economic efficiency (EE) for both the Cobb-Douglas and translog cost frontier
specifications. However, results from translog cost frontiers are only with respect to the
half-normal and truncated normal distributions, as the parameters estimated for the
exponential distribution assumption failed to converge at their maximum.

The previous discussion pointed out problems with the results from the translog
specification in the additional analysis. However, it was decided to retain this functional
form for use in the u; distribution analysis. The previous results were related to the
assumption of the truncated distribution for u; only. It was therefore important to use the
translog specification, if only to ascertain that the problems encountered were not
specific to a particular distribution. Moreover, the translog specification was needed in
testing for the adequacy of the Cobb-Douglas in relation to several distribution
assumptions, so as to further gauge how the assumed distribution of u; impacts on the

choice of functional form.

4.5.1 Production Frontier Results

In this sub-section, the results of production frontier estimations for the three

distributions (i.e., exponential, half-normal, and truncated-normal) are presented and
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discussed. They include, for both the Cobb-Douglas and translog frontiers, coefficient
estimates for the parameters of the frontiers (4.5.1.1), elasticities of output with respect
to inputs (4.5.1.2), technical efficiency (TE) measures (4.5.1.3), correlation coefficients
for pairs of efficiency estimates (4.5.1.4), and the LR test for the equality of production

frontier specifications across distributions (4.5.1.5).

4.5.1.1 Production Frontier Parameter Estimates

The coefficient estimates for the parameters of the Cobb-Douglas and translog frontiers
are presented in Tables 4.13 and 4.14, respectively. In the Cobb-Douglas specification
(Table 4.13), the coefficients for all variables except hay and forage (HF) are statistically
significant under all three distributional assumptions. The coefficients for each variable
across the distributions are almost of equal magnitude, which implies some consistency
for the estimated frontiers. In addition, all of the coefficients, which are elasticities of
output with respect to the inputs, are positive and hence are consistent with a priori
theoretical expectations.

The coefficient estimates for the parameters of the translog specification do not
themselves have an economic interpretation. However, they may be used to derive the
elasticities of output with respect to inputs. Their statistical significance indicates the
statistical significance of the estimated frontiers.

As Table 4.14 shows, most of the coefficients of the translog specification are not
statistically significant, and some vary significantly in magnitude across distributional
assumptions. Whereas the coefficients for capital (K) and grains and concentrates (GC)
are not statistically significant under some distributional assumptions, the coefficient on
labour (L) is not statistically significant for any of the three distributions. Moreover, most
coefficients on interaction terms are not statistically significant, except (mainly) those for

grains and concentrates (GC) and capital (K). The coefficients on some variables vary in
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magnitude by a large margin across distributions, which may indicate a significant
difference in location for the frontiers. For example, the coefficients on other inputs (Ol)
range from 0.46 for the exponential distribution to 0.73 for the truncated-normal

distribution.

4.5.1.2 Output Elasticities with Respect to Inputs, Returns to Scale and Technical
Change

Table 4.15 summarizes the estimation results in terms of output elasticities with respect
to inputs, returns to scale (RTS) and technical change for the three inefficiency error
term distributions. The measures are similar across the three distributions of u; for the
Cobb-Douglas frontiers, but differ substantially for the translog frontiers. The exception is
technical change, which is almost identical across all of the distributions (0.013-0.014)
for both the Cobb-Douglas and translog specifications.

For the Cobb-Douglas frontiers, all of the elasticities of output are positive,
implying that increased use of any of the inputs will lead to increased output. The
magnitudes of the elasticities differ between inputs, ranging from 0.004 for hay and
forage (HF) to 0.146 for other inputs (Ol). However, they vary slightly and inconsistently
across distributions. Overall, the variations in individual elasticities tend to cancel out
such that they sum to almost the same values of RTS (0.33-0.34), implying decreasing
returns to scale (DRS). In addition to the small variations in the magnitudes of the
elasticities, the consistency in RTS values and rates of technical change suggest that
the distribution of u; has an insignificant effect on the estimated Cobb-Douglas frontiers.
The output elasticities with respect to inputs for the translog frontiers, calculated using
mean values of the variables, include some that are negative. However, across the three
distributions the sign on each of the elasticities is the same. The elasticities with respect

to other inputs (Ol) and with respect to hay and forage (HF) are positive. The rest of the
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elasticities are negative, an indication of a serious problem with estimations of the
transiog frontier, since the negative elasticities imply that the related inputs are over-
utilized, with the effect that increased use of any of those inputs would lead to a
decrease in output.

For the exponential and truncated normal distributions, this negative effect on
output is compensated for by the positive effect such that the value of returns to scale is
slightly above zero (0.028 and 0.086, respectively). For the half-normal distribution
however, the negative effect on output outweighs the positive effect such that the value
of returns to scale is slightly below zero (-0.064). The negative value of RTS does not
make economic sense, since it implies that a proportionate increase in all inputs would
lead to a decrease in output.

On average, the producers will be producing in stage lll of the production process, which
no rational producers would do because they could produce the same output by utilizing
a lesser amount of inputs.

The above measures are not easily comparable across the two functional
specifications, except for technical change. For example, the values for the elasticity with
respect to hay and forage (HF), which are the smallest for the Cobb-Douglas frontiers,
are relatively larger for the translog frontiers; the values for the elasticity with respect to
other inputs (Ol) that are the largest in Cobb-Douglas frontiers are relatively small when
compared to corresponding values for the translog frontiers. Yet, the values for returns
to scale (RTS) for the Cobb-Douglas frontiers are relatively large when compared to the

corresponding values for the translog frontiers.
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Table 4.13 Coefficient Estimates for the Parameters of Cobb-Douglas Production
Frontiers, by Alternative Distribution Assumption for u;

EXPONENTIAL HALF-NORMAL TRUNCATED-

NORMAL

VARIABLE COEFF. T- COEFF. T- COEFF. T-
RATIO RATIO RATIO

Constant 3.072* 47570 3.088* 46395 3.089* 46.195
Grains and concentrates (GC) ~ 0-113" 13256 0.113* 13406  0.118*  13.864
Hay and forage (HF) 0005 0534 0008 0764 0004  0.384
Labor (L) 0.030* 4021 0031* 3911 0027* 3.398
Capital (K) 0.043* 2612 0.043* 2524 0049 2902
Other inputs (OI) 0.141* 8703 0.146* 8777 0.136*  8.134
Year (YR) 0.014* 9467 0013* 8769 0014 9256
) 10.702*  13.523 - -
Gy 0.118*  40.737 - -
A . - 1502 13194 1679  0.118
c - - 0.201* 30475 0226  0.004
o, - - - - 0629"  3.089

*Coefficient is significant at 5% level.
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Table 4.14 Coefficient Estimates for the Parameters of Translog Production Frontiers, by

Alternative Distribution Assumption for u;

EXPONENTIAL HALF-NORMAL TRUNCATED-

NORMAL
VARIABLE COEFF. T- COEFF. T- COEFF. T-
. RATIO | RATIO ____.__._RATIO
Constant 36815401 3951 5482 3586  5.050
Grains and concentrates 0276 1259 0412 -1753 -0.520" -2.275
GC

gay)and forage (HF) 0.339* 2372 0305 1973 0.354* 2345
Labor (L) 0126  -0977 0172 1272 0147  -1.095
Capital (K) 0517  -1.973 0571 2059 0443  -1.641
Other inputs (Ol) 0.458* 2063 0603 2620 0.726*  3.222
Year (YR) 0.064* 9467 0058 2456  0.053* 2275
GC.GC 0063 1640 (g4 1554 0074  1.949
GC.HF 0011 0386 (o0 0355 0023 0817
GCL 0003 0124  ggig 0648 0023 0775
GCK 0.245* 5049 (o4o* 4818  0248* 5081
GC.ol -0.190* 3959 476+ -3.598 -0.174*  -3.667
GC.YR 0004 0992 o3 0713 0004  0.807
HF.HF -0.082* 3395 _gg73r  -2720 -0.073*  -2.769
HF.L 0026 1645 (g2 1643 0024 1472
HF.K -0.069* 2307 _ogq -1.878 -0.081*  -2.518
HF.Ol 0013 0373  _ggp9 0527 0023 -0.626
HF.YR 0.001 0449  (go1 0437 0002 0568
LL 0013 0678 go15 0752 0013  0.699
LK 0001 0023 gggs 0.478  -0.003  -0.111
Lol 0027 0926 ggog 0275 0010  0.327
L.YR -0.005* 1969 _ggo4 -1615  -0.004  -1.668
KK 0001 0017 oot ~-0.019  -0.014  -0.212
K.Ol 0074 1428  go77 1420 0078 1486
K.YR -0.025* 5703 _ggp4r  -5.361 -0.025*  -5.773
01.0l 0059 0702 _gggg -0988 -0.136  -1.550
OLYR 0.013* 1967 (14 2024 0017* 2495
0 0001 0793 _ggpy 0733 0001 -0.952
o 0.105  21.181

A 1861 8229 2178  6.669
c 0204 27707 0239  6.241
wo, 0689 0745

*Coefficient is significant at 5% level.
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Table 4.15 Output Elasticities, Returns to Scale and Technical Change for Production

Frontier Estimations, by Alternative Distribution Assumption for u;®

COBB-DOUGLAS TRANSLOG
EXPONEN HALF- TRUNCAT | EXPONEN HALF- TRUNCAT
INPUT -TIAL NORMAL ED- -TIAL NORMAL ED-
NORMAL NORMAL

Grains and
Concentrates  0.113 0.113 0.118 -0.15 -0.253 -0.326
Hay and 0.005 0.008 0.004 0.212 0.189 0.224
Forage

Labour 0.030 0.031 0.027 -0.064 -0.096 -0.08
Capital 0.043 0.043 0.049 -0.267 -0.309 -0.215
Other 0.141 0.146 0.136 0.297 0.405 0.481
Inputs

Returns to 0.331 0.341 0.334 0.028 -0.064 0.084
Scale

(RTS)
Technical 0.014 0.013 0.014 0.013 0.013 0.014
Change

? For the translog specification the elasticities were calculated at the mean values for the variables. Note
that the elasticities in Table 4.14 differ slightly from those presented in Table 4.3. Whereas the results in
Table 4.3 are based on maximizing the loglikelihood function in the Battese-Coelli (1996) model that uses y
for the variance parameter, (Eqn. 2.5), those in Table 4.14 are based on Aigner et al. (1977) that instead
uses L (Eqgn. 2.7).
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4.5.1.3 Technical Efficiency (TE) Measures

The average performance of Alberta dairy farmers with regard to alternative distributions
of the inefficiency error term is reflected in the mean and median TE values (Table 4.16).
The mean TE differs among alternative distributions by a small margin, ranging from
0.91 for the exponential distribution to 0.96 for the half-normal distribution. Mean values
for the half-normal distribution are the highest in both the Cobb-Douglas and translog
estimations (0.95 and 0.96, respectively), followed by the truncated normal (0.93 and
0.94), with the exponential distribution having the lowest mean TE (0.91).

The values of median TE for the half-normal and truncated normal distributions
are the same as those for mean TE. This implies that 50 percent of the sampled farmers
produced more output per unit of input than the “average” farmer, even with the
observed mean TE being so high. For the exponential distribution, the median TE is
higher than the mean TE (0.93 in both specifications), which indicates that even though
it ranks the lowest with respect to average performance, more than 50 percent of
farmers performed better than the “average” farmer.

The higher mean TE value for the half-normal distribution is reflected in the
distribution of TE values (Fig. 4.3). Of the total farm sample, 53.5% in the case of the
Cobb-Douglas and 68.1% in the case of the translog display 95% efficiency or better.
The exponential distribution ranks second to the half-normal distribution in the
percentage of farms with TE levels above 0.95 (18.8% in Cobb-Douglas and 20.5% in
translog specifications), and it compares favourably to the truncated normal distribution

(6.9% in Cobb-Douglas and 12.4% in translog specifications).
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Table 4.16 Technical Efficiency (TE) Measures for Cobb-Douglas and Translog Production
Frontiers, by Alternative Distribution Assumption of u;

COBB-DOUGLAS TRANSLOG

EXPONEN- HALF- TRUNCATE | EXPONEN- HALF- TRUNCATE

TIAL NORMAL D-NORMAL | TIAL NORMAL D-NORMAL
Mean TE 0.91 0.95 0.93 0.91 0.96 0.94
Median
TE 0.93 0.95 0.93 0.93 0.96 0.94
Max.
Value 0.98 0.99 0.98 0.98 0.99 0.99
Min.
Value 0.55 0.79 0.93 0.51 0.78 0.93
Variance 0.003 0.0004 0.0001 0.004 0.0004 0.0001
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d) Translog - Exponential
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Figure 4.4 Distribution of Technical Efficiency (TE) in Percentage terms, by Alternative

Distribution Assumption for u;
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In addition to high average TE measures, Table 4.16 illustrates that the variance between TE
estimates is small, the largest variance being with the exponential distribution (0.003-0.004),
which contrasts with the half-normal (0.0004) and truncated- normal (0.0001) distributions. The
relatively larger variance for the exponential distribution is reflected in the distribution of
individual TE measures for the distribution, which covers a wider range (0.51-0.98 in Cobb-
Douglas and 0.55-0.98 in translog specifications) as compared to the half-normal (0.78-0.99)
and truncated-normal (0.93-0.98) distributions. The small variance values among estimates,
especially from the truncated-normal and half-normal distributions, point to a high degree of

homogeneity among Alberta dairy products, as previously observed and discussed.

4.5.1.4 Correlation Coefficients of TE Estimates

The effect of the distribution of u; on TE estimates was examined further using the pair-wise
correlation coefficients of TE estimates, which are summarized in Table 4.17. All of the reported
coefficients were found to be significantly different from zero at 1 % level. The discussed
correlation coefficients are reported in the table’s three sections. In the upper left section is the
Cobb-Douglas form and in the bottom right section is the translog form, with varying distribution
assumptions. In these two sections, the diagonal elements are correlation coefficients for the
same functional form and same distributional assumptions, so all are equal to one. In the upper
right section are the cross-functional form comparisons, with diagonal elements representing
correlation coefficients for different functional forms (i.e., Cobb-Douglas versus translog) with
the same assumed distribution. The coefficients from each particular functional specification
show a variation in magnitude, which implies that the ranking of individual farms' TE differs
between different distributions. For the Cobb-Douglas specification (upper left section), the
correlation coefficient is larger and positive for the TE estimates of the half-normal and

truncated-normal distributions (0.859).
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Table 4.17 Spearman’s Rank Correlation Coefficients of Technical Efficiency (TE) Estimates
from Cobb-Douglas and Translog Production Frontiers for Alternative Distribution Assumptions

COBB-DOUGLAS TRANSLOG
EXPONE TRUNCA  HALF- | EXPONE TRUNCA  HALF-
N-TIAL TED- NORMAL | N-TIAL TED- NORMAL
NORMAL NORMAL

C | EXPONEN 1.000 0.210 0.097 0.692 0.760 0.692

0O -TIAL

B

B

D

o) EFSUNCAT 1.000 0.859 0.205 0.906 0.841

g NORMAL

L

A

S HALF-
NORMAL 1.000 0.106 0.760 0.889
EXPONEN 1.000 0.254 0.397
-TIAL

T

R

A

N | TRUNCAT

S ED- 1.000 0.925

L | NORMAL

o)

G
HALF-
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The correlation coefficients for combination involving the exponential distribution are positive
but very small (0.210 for exponential-truncated normal and 0.097 for the exponential- half
normal). A similar pattern as in the Cobb-Douglas frontiers is observed in the translog frontiers
for the exponential distribution (bottom right — 0.254 and 0.397 for truncated and half normal
distributions, respectively). This pattern indicates that the levels of TE estimates by farm for the
half-normal and truncated normal distributions are ranked more closely, whereas those for the
exponential distribution are ranked differently from the other two.

The correlation coefficients of TE estimates for the same distribution across functional
specifications are positive and relatively large, especially for the half-normal and truncated
normal distributions. The TE estimates from the truncated-normal distribution are more highly
correlated (0.906) than from the half-normal and exponential distributions (0.889 and 0.692,
respectively). The relatively high correlation coefficients by distributions across functional
specifications indicate that if the same distribution of u; is used across functional specifications,

it is likely to have no bearing on the ranking of farms' TE from those specifications.

4.5.1.5 Distribution of ui and Choice of Functional Form

The extent to which the adopted distribution of u; may affect the estimation of alternative
functional specifications was further examined in the test for the choice between the Cobb-
Douglas and translog specifications. Given that the Cobb-Douglas is nested in the translog, the
null hypothesis that the interaction terms of the translog are all zero was tested, implying that
there is no significant difference between the translog and Cobb-Douglas specifications. The
likelihood ratio (LR) test was conducted using values of the loglikelihood functions for the
translog and Cobb-Douglas specifications for each of the exponential, half-normal and
truncated-normal distributions of u;.

The test results are presented in Table 4.18. Across all three distributions, the null

hypothesis was rejected, implying that the translog is more likely to be the correct specification
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for the population from which the sample was drawn than is the Cobb-Douglas specification. In
addition, the values of the corresponding likelihood functions across the distributions are very
close, which is further indication that the adopting of alternative distributions of u; is likely to
have no effect on the estimation results across functional specifications. This is what is
observed in both Figures 4.2 and 4.3, which show for the same distribution assumption across

functional specifications similar distributions of efficiency estimates.

4.5.2 Cost Frontier Results

In this sub-section, the resuits from cost frontier estimations are presented and discussed in the
same manner as in the previous section regarding estimation of production frontiers. Three
Cobb-Douglas cost frontiers were estimated, alternatively assuming the exponential, half-
normal, and truncated-normal distributions u,. However, for the translog specification, only
frontiers for the half-normal and truncated-normal distributions were successfully estimated, as
noted before. This sub-section therefore reports and discusses coefficient estimates of
parameters for those frontiers (4.5.2.1), economic efficiency (EE) measures (4.5.2.2),
correlation coefficients of economic efficiency estimates (4.5.2.4), and the LR test for the

equality of Cobb-Douglas and translog specifications for each of the three distributions (4.5.2.5).

4.5.2.1 Estimates of the Cost Frontier Parameters

The coefficient estimates for the parameters of the cost frontiers are presented in Tables 4.19
and 4.20 for the Cobb-Douglas and translog specifications, respectively. In the Cobb-Douglas
frontiers (Table 4.19), the coefficient estimates on the variables are positive and statistically
significant, except for the coefficient on the price of hay and forage (i.e., PHF), which is negative
and statistically insignificant. This is similar to the case for the coefficient estimate on hay and
forage (HF) in the estimation of the production function frontiers. In addition, the coefficients on
similar variables across alternative distributions of u; do not vary significantly in magnitude, an

indication that the estimated frontiers are likely to be the same.
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Table 4.18 LR Test for Equality of Cobb-Douglas and Translog Production Frontiers

TRUNCATED-
EXPONENTIA HALF- NORMAL
L NORMAL

Ho: All interaction terms of the
translog frontier are equal to
zero, simultaneously.
LLF,? 542.62 545.00 553.53
LLFg® 496.45 498.99 505.29
LR® 92.36 92.02 96.48
Critical Value
(5% level) 12.59 12.59 12.59
Decision Reject Hy Reject Hy Reject Hy

? LLFy and LLFr are the log likelihood function values of the unrestricted and the
restricted functions, respectively.
® R is the computed Likelihood Ratio value
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The estimation of translog frontiers was beset with problems from the start, when the
parameters of the loglikelihood function for the exponential distribution could not be obtained. in
addition, most of the coefficient estimates for the translog frontiers (Table 4.19) are not
statistically significant across the alternative distributions of u;, except mainly for the coefficients
on the price of hay and forage (PHF) and some of its interaction terms. This is the reverse of the
results of the estimations for the Cobb-Douglas cost frontiers. The statistical significance of the
price of hay and forage and its interaction terms, combined with the statistical insignificance of
other variables, may signify a problem that could be linked to hay and forage (HF), which

showed a similar trend in the estimation of production frontiers.

4.5.2.2 Economic Efficiency (EE) Measures

Since, as noted previously, the results for the exponential distribution could not be obtained for
the translog frontier estimates, the comparisons with respect to economic efficiency are made
primarily between the half-normal and truncated normal distributions. The average measures
(Table 4.21) show that mean EE for the truncated and half-normal distributions is very high and
almost of equal magnitude (0.94-0.95) in both the Cobb-Douglas and translog frontiers. The
corresponding median EE values for the two distributions are almost identical to mean EE,
except in Cobb-Douglas frontier where the half-normal distribution is higher by a percentage
point (0.94 versus 0.95). For the exponential distribution, the mean and median EE are lower,
relative to the other distributions (0.82 and 0.84, respectively). In general, the results indicate
that about half of the farms have lower per unit costs than the “average” farm, as was the case

for the production frontiers.
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Table 4.19 Coefficient Estimates for the Parameters of Cobb-Douglas Cost Frontiers, by

Alternative Distribution Assumption for u;

EXPONENTIAL HALF-NORMAL  TRUNCATED-

NORMAL
COEFF T- COEFF T- COEFF T-
VARIABLE RATIO . RATIO . RATIO
Constant 2.837* 19.378 2.700* 17.238 2.734* 20.244
Output (Q) 0.494* 13.329 0.513* 12942 0.507* 14.855
Price? of
Grains and Concentrates 0.150* 6.779 0.142* 5.917 0.161* 7.796

(PGC)

Hay and Forage (PHF) -0.011 -0.798 -0.010 -0.652 -0.014 -1.065

Capital (PK) 0.322* 11.408 0.327* 10.869 0.328* 13.176

Other Inputs (POI) 0.412* 11.923 0.410* 11.206 0.404* 13.178
Year (YR) 0.494* 13329 0513 12942 0507 14.855
o 0.012* 6.251 0.012* 5.642 0.012* 6.483
Oy 6.479* 17.827 - - - -
A 0.129* 23.755

c - - 2379" 17232 6.132* 3.838
wo, - - 0.298" 37.328 0.624" 3.701

®Prices are relative to the price of labor
* Coefficients are significant at 5% percent.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



143

Table 4.20. Coefficient Estimates for the Parameters of Translog Cost Frontiers,
by Alternative Distribution Assumption for u;

HALF-NORMAL TRUNCATED
NORMAL
VARIABLE COEFF. T-RATIO COEFF. COEFF.
Constany T ¥ I W7 AR ) 3759

Output (Q) -0.991 -1.084 -1.022 -1.179
Price® of

Grains and Concentrates 0.818 1.581 0.712 1.355
(PGC)

Hay and Forage (PHF) -0.815* -2.236 -0.828* -2.314

Capital (PK) -0.199 -0.237 -0.092 -0.109

Other Inputs (POI) 1.235 1.230 1.305 1.274
Year (YR) 0.057 1.236 0.060 1.320
PGC.PGC 0.028 0.207 -0.079 -0.588
PGC.PHF -0.100* -1.938 -0.082 -1.585
PGC.PK 0.027 0.220 0.060 0.470
PGC.POI 0.056 0.343 0.111 0.675
PGC.Q -0.137 -1.048 -0.112 -0.846
PGC.YR -0.009 -1.186 -0.006 -0.788
PHF.PHF 0.106* 2.475 0.118* 2.852
PHF.PK -0.012 -0.159 0.011 0.149
PHF.POI 0.003 0.036 -0.053 -0.568
PHF.Q 0.193* 2.086 0.192* 2.128
PHF.YR 0.000 0.035 -0.001 -0.270
PK.PK -0.430 -1.812 -0.586* -2.426
PK.POI 0.449 1.812 0.543* 2.158
PK.Q 0.193 0.914 0.179 0.845
PK.YR -0.003 -0.292 -0.002 -0.145
POLPOI -0.547 -1.593 -0.630 -1.805
POLQ -0.304 -1.202 -0.328 -1.275
POLYR 0.015 1.048 0.013 0.880
Q.Q 0.358 1.586 0.374 1.754
QYR -0.013 -1.119 -0.014 -1.247
YR.YR 0.001 1.393 0.001 1.314
0 _ - - -
Gy - - - -
A 6.568 6.568 3.906 7.332
o 0.125 0.125 0.412 6.922
IJJO’U - -

-1.038 -1.445

?Prices are relative to the price of labour
* Coefficients are significant at 5% percent.
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Although the half-normal and truncated-normal distributions have similar mean EE values, the
distributions of EE estimates (Figure 4.3) are not identical. Specifically, the half-normal
distribution results in twice the number of farms with EE greater than 0.95 as for the truncated-
normal distribution. However, with the truncated-normal distribution, all of the firms have EE in
the range of 0.93 to 0.99, whereas for the half-normal EE values are between 0.72 and 0.95.
This pattern is similar to the TE distribution results, discussed earlier. This is reflected in the
variance between EE estimates, which is smaller for the truncated normal distribution (0.0002)
than for the half-normal distribution (0.001).
The variance for estimates from the exponential distribution is even larger (0.09). Thus, the
distributions of EE show that the estimates of the exponential distribution are more widely
spread (mainly between 0.70 and 0.97) relative to EE distributions for the half-normal and
truncated-normal distributions, which have values that are mainly 0.90 in both specifications.
The pattern that was observed in production frontiers, whereby the half-normal ranked
highest, is the same with the cost frontiers. However, the results for the exponential distribution
should be interpreted with caution. Since the translog cost frontiers could not be estimated with
the exponential distribution, it is likely that even the estimates from the Cobb-Douglas frontier for

the distribution may be problematic as well, albeit to a smaller degree.

4.5.2.3 Correlation Coefficients of EE Estimates

The pair-wise rank correlation coefficients of EE estimates were used to further examine the
effect of the distribution of u; on EE estimates. Table 4.21 reports the computed rank correlation
coefficients, which are summarized in three groups, similar to TE correlation coefficients. All of
the reported coefficients were found to be statistically significant at 1% level. The first group
(upper left) contains pair-wise correlation coefficients of EE estimates between the three

distributions for the Cobb-Douglas specification.
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Table 4.21 Economic Efficiency (EE) Measures for Cobb-Douglas and Translog
Production Frontiers

COBB-DOUGLAS TRANSLOG
EXPONEN- HALF- TRUNCATE HALF- TRUNCATE
TIAL NORMAL D-NORMAL NORMAL D-NORMAL
Mean EE 0.82 0.94 0.94 0.95 0.94
Median 0.84 0.95 0.94 0.95 0.94
EE
Max. 0.97 0.98 0.99 0.98 0.99
Value
Min. Value 0.47 0.73 0.93 0.72 0.93
Variance 0.09 0.001 0.0002 0.001 0.0002

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



146

a) Cobb-Douglas - Exponential
23.7
% 20.9
E 20 -
w
% 15 A
Q
-g 10
£ 54 | 1.7
0 - o8 G
0.70- 0.75- 0.80- 0.85- 0.90- 0.95-
0.75 0.80 0.85 0.90 095 1.00
Level of EE
b) Cobb-Douglas - Truncated- d) Translog - Truncated-Normal
normal
90 -
79.1
80 . 76.1 ' 80
o 70 A g 70
% 60 & 60 -
550 % 50
8 40 4 g 40 -
30 - 23.9 § 301
20 - $ 20
o 10 - 10
0 ¥ e r ) 0 3% 5 . .
0.90-0.95 0.95-1.00 0.90-0.95 0.95-1.00
Level of EE Lewel of EE
c) Cobb-Douglas - Half-normal
€) Translog - Half-normal
60 -
51.5 60 - 56.1
50
E 428 . 50
w 40 £
‘5 w 40
8 30 5 %
E 2| 530+
k; %20
10 5
] T
0 . .
0.90-0.95 0.95-1.00 0 ' '
0.90-0.95 0.95-1.00
Level of EE
Level of EE

Figure 4.5 Distribution of Economic Efficiency (EE) in Terms of Percentage of Farms, by

Functional Form and Alternative Distributional Assumption for u;
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The second group (upper right) represents correlation coefficients of estimates between the
Cobb-Douglas and translog specifications for each particular distribution. The third group (lower
right) represents correlation coefficients of EE estimates between the two distributions for the
translog specification. The magnitudes of the correlations vary by functional specification. For
the Cobb-Douglas estimates, the correlation coefficient is positive and high between the EE
estimates for the half-normal and truncated-normal distributions (0.946), whereas the correlation
coefficients between the exponential and other distributions are relatively low (0.386 and 0.576),
but positive. In the case of the translog frontier (third group), the correlation coefficient for the
half-normal and truncated-normal distributions is also high and positive (0.909), as is the case
with the Cobb-Douglas formulation. Based on the Cobb-Douglas frontiers, the ranking of EE
estimates by farms for the half-normal and truncated-normal distributions are closer, while those
for the exponential distribution are different from the other two.

The available translog frontier results indicate that the ranking of farms between the half-
normal and truncated-normal distribution reflects the same pattern as the Cobb-Douglas
frontiers. These findings complement the results for both the mean EE and the respective
variances, which indicated a similarity in magnitude between truncated-normal and half-normal
distributions, and a difference in these results from those for the exponential distribution. The
correlation coefficients of EE estimates for the same distribution across functional specifications
(second group) are not only high but also very close in magnitude (0.942 and 0.948). As was
the case with production frontiers, the high correlation coefficients by distributions across the
two functional specifications is further indication that the chosen distribution of u; may not affect

the EE estimates from various specifications.
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Table 4.22 Spearman’s Rank Correlation Coefficients of Economic Efficiency (EE) Estimates
from Cobb-Douglas and Translog Production Frontiers for Alternative Distribution Assumptions

COBB-DOUGLAS TRANSLOG
EXPONEN TRUNCAT  HALF- | TRUNCAT HALF-
-TIAL ED- NORMAL | ED- NORMAL
NORMAL NORMAL
c | EXPONEN 1.000 0.386 0.576 0.354 0.357
Ol -TIAL
B
B
D | TRUNCAT 1.000 0.946 0.942 0.901
O | ED-
U | NORMAL
G
k HALF-
S | NORMAL 1.000 0.542 0.948
T
R | TRUNCAT 1.000 0.909
A ED-
N | NORMAL
S
L
O [ HALE- 1.000
G | NORMAL
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4.5.2.4 Distribution of u; and Choice of Functional Form

In examining the extent to which the adopted distribution of u; may affect the estimation of
alternative functional specifications, the test for the choice between the Cobb-Douglas and
translog specifications was conducted for all distributions. Given that the Cobb-Douglas is
nested within the translog formulation, the null hypothesis that the interaction terms of the
translog are all zero was tested; that is, testing whether or not the Cobb-Douglas is an
appropriate specification. The likelihood ratio (LR) test was conducted using values of the
loglikelihood functions for the translog and Cobb-Douglas specifications for each of the half-
normal and truncated-normal distributions of u;. The test results are presented in Table 4.23.

As was the case with the production function frontiers, the null hypothesis was rejected
for both distributions. This implies that the translog is more likely to provide the correct
specification of the parameters of the population from which the sample was drawn, since the
inclusion of the interaction terms is statistically significant. Since the results are similar across
distribution assumptions, it may be implied that the adopting of alternative distributions of u; is
likely to have no effect on the estimation results across functional specifications with regard to a

particular distribution chosen.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



150

Table 4.23 LR Test for Equality of Cobb-Douglas and Translog
Cost Frontiers

TRUNCATED-
HALF-NORMAL NORMAL

Ho: All interaction terms of the
translog frontier are equal to
zero, simultaneously.

LLF2 264.88 246.52
LLFg? 246.52 223.02
LR® 49.26 47.00
Critical Value

(5% level) 12.59 12.59
Decision Reject Hy Reject Hy

#LLFy and LLFR are the log likelihood function values of the unrestricted and
the restricted functions, respectively.
° R is the computed Likelihood Ratio value.
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4.5.3 Discussion of Resuits on the Effect of u; on Efficiency Measures

The foregoing analysis in sections 4.5.1 and 4.5.2 has attempted to examine the sensitivity of
efficiency measures to the distribution of fhe inefficiency error term used in the estimations, and
to answer whether or not distributional assumptions matter in these estimations. If distribution
assumptions are important, then to what extent are efficiency measures from various
distributions different? If the difference is sufficiently great that it may not be appropriate to
compare levels of measures based on different distributions, then are the resuiting measures at
least ranked in the same pattern for firms in the sample?

In examining this sensitivity of TE measures to distribution assumptions, this study has
drawn from previous literature. One approach has been to compare the results of the
exponential and half-normal distributions (e.g., Rossi & Canay, 2001 ). This is based on the
argument that simpler distributions ought to be adopted since, if Ritter and Simar's (1997)
assertion is true, distributions do not make a difference in the results. Second, comparison was
sought between simpler distributions and more flexible distributions (i.e., the truncated-normal).
This comparison is an issue because distributions are likely to be data-specific (Mbaga et al.,
2000) and there may well be a similarity between the truncated-normal and half-normal
distributions, since the latter is nested in the former. Third, comparison was made with regard to
particular distributions across functional specifications, in order to provide evidence as to
whether the results from adopting a particular distribution are consistent across functional forms.

The comparison between the exponential and half-normal distributions was made in two
ways. The first was to compare the levels of estimates between the two distributions, based on
the average measures of efficiency; namely, the mean and median. The second comparison
was to examine the correlation coefficients between the measures as well as the variance in

order to gauge whether the ranking for the two sets of estimates are different. The results were
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consistent for the production and cost frontiers: the half-normal distribution resulted in higher
average TE and EE estimates than did the truncated-normal distribution. For both TE and EE,
the rank correlation coefficients of efficiency measures between the two distributions were low,
but positive, as opposed to high and positive correlations between the half-normal and
truncated-normal distributions.

In the reviewed studies, evidence of correction is mixed with a tendency for correlation
coefficients between efficiency measures for pairs of distributions to be higher rather than lower.
The low correlation coefficient estimates between the exponential distribution and other
distributions and high correlation between the half-normal and truncated normal distributions
found in this study may lend further evidence to the conclusion by Mbaga et al. (2000) that the
resulting estimates are specific to the data used.

The results of the comparisons among the estimates of the three distributions touch on
the issues raised earlier. First, the closeness of the results between the truncated-normal and
the half-normal distributions may indicate that the choice of the distribution (i.e., simple versus
flexible) does not matter; on the other hand, the low correlation between the exponential and
other distribution tend to indicate the opposite; that is, the choice of the distribution does matter.
The latter is further indicated by the distributions of efficiency measures that show differences,
especially for percentage of farms above 0.95 and lower than 0.90, whereby the half-normal
distribution resulted in a higher percentage of farms in this range than both the exponential and
truncated normal distributions and the truncated normal more than the exponential distribution.

Lastly, the measures for a given distribution are ranked very closely across functional
specifications, in addition to being very close in magnitude. Thus, comparison of results across
specifications should be with respect to a particular distribution assumption rather than across
distributions. In testing the appropriateness of the Cobb-Douglas specification, given the
specification of the translog frontier, the hypothesis was rejected in all three distributions, which

indicates that the Cobb-Douglas does not fit the data as well as the translog specification.
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However, most of the coefficients for the parameters of the translog frontiers were statistically
insignificant, in addition to some of the elasticities of output being negative or too large relative
to those of the Cobb-Douglas frontiers.

This examination points to two discernible patterns. First, the half-normal and truncated
normal distribution results are very similar. Aithough the half normal is a relatively simpler
distribution, it is nested in the truncated normal distribution, which may explain the closeness of
the results. The second pattern is in regard to closeness of estimates across specifications for a
given distribution. Other hypotheses have not been found to be true. The estimates of the
exponential distribution were not found in general to be closer to the half-normal, neither were
they to the truncated normal; moreover, the ranking of farms by efficiency measures (TE and
EE) differed across distributions. Therefore, the conjecture is that the pattern discerned from
efficiency estimates from various distributions may be specific to the data used, indicating that

the assumed distribution matters in terms of the results.
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Chapter 5. Summary and Conclusions

The main objective of this study was to investigate the efficiency -- technical as well as
economic - for milk production in Alberta. Because dairy farmers in North America are facing
continuing changes in technological, structural and economic environment, which are likely to
continue into the future, Canadian dairy producers will be exposed to more competition. Hence,
emphasis on improving on efficiency and management practices of dairy undertakings is
important for Alberta dairy farmers. In order to do that, however, they need to have an indication

of how efficient their operations are now and what factors influence this efficiency.

5.1 Summary of Model

Technical and economic efficiency were examined using stochastic production and cost
frontiers, respectively. The data for a sample of Alberta milk producers, spanning the periods
1980 —1996 and 1986 — 1996, were fitted to the Battese-Coelli (1995) model using econometric
techniques to generate estimates of the frontiers and efficiency measures. While technical
efficiency was estimated as part of the total error term of the stochastic production frontier,
economic efficiency was estimated as part of the total error term of the cost frontier. Production
and cost frontiers were, respectively, gauged on the output and cost of production of best
performing farms.

Based on this maximum efficiency for a sample of Alberta dairy producers, the mean
technical (TE) and economic (EE) efficiency values for the whole sample (1980-96) and the sub-
sample (1986-96) were computed as simple averages of individual farm efficiency. Efficiency
was further examined in terms of how it varied over the sample period. Furthermore, the
estimated production frontiers were used to compute the elasticities of inputs and returns to

scale (RTS). In addition, since the distribution of the inefficiency error term was not known a
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priori, the study examined the sensitivity of the estimates to the distribution assumption of the
inefficiency error term, based on the Jondrow et al. (1982) model. In this regard, the models
were re-estimated using LIMDEP (Greene, 2000).

An attempt was made to decompose economic efficiency into its components of
technical and allocative efficiency using the Kopp-Diewert (1982) approach. This approach
invokes Shephard's Lemma to determine a vector of prices that would lead to optimal cost at
the point along the isoquant that is technically but not allocatively efficient (point B). Allocative
efﬂcié_ncy (AE) is then computed as the ratio of the minimum cost of production (as calculated
from the estimated cost frontier function) to the cost of production at point B. Technical
efficiency (TE) is given by the ratio of the cost at point B to the actual cost incurred. This
decomposition, however, did not give satisfactory results, for which reasons they have not been
reported. Instead, allocative efficiency was calculated for the self-dual functional form (i.e., the
Cobb-Douglas) from the estimates of technical and economic efficiency.

The above analyses were coupled with determination of potential sources of technical
and economic inefficiency for Alberta dairy farms, by empirically examining and elaborating on
the influence of factors in the models explaining either the technical inefficiency or the economic
inefficiency of Alberta milk producers. The estimation of these efficiency models involved
regressing, on the estimated inefficiency (TE or EE models), a set of variables hypothesized to
explain the levels of inefficiency. These models were estimated econometrically simultaneously
with the corresponding frontiers. Finally, several Loglikelihood ratio (LR) tests were conducted

to analyse the impact of different methodological assumptions about stochastic frontiers.

5.2 Summary of Empirical Results

The resuits for the production and cost frontier estimates were hinged on the related functional
formulations used. In terms of statistical significance and economic interpretation of the

estimated parameters, the performance of the Cobb-Douglas and the simplified translog
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formulations was good, whereas the performance of the conventional translog formulation was
not. However, the results of statistical tests as to whether the Cobb-Douglas and the simplified
translog formulations were invariant from the conventional translog formulation implied that
neither the Cobb-Douglas nor the simplified translog could be chosen over the conventional
translog formulation.

The choice as to which results should be adopted between those of the Cobb-Douglas
and simplified translog formulations on the one hand and the conventional translog formulation
on the other was a dilemma between economic sense in the interpretation of results and
flexibility of the formulations. The conventional translog formulation is normally suspected to
suffer from some estimation problems. These problems are likely to have affected its parameter
estimates such that they were at variance with expected results. An examination as to whether
the variables in the models were linearly related indicated that they were not. The ‘goodness’ of
the results from the Cobb-Douglas and simplified translog formulations were coupled with the
inflexibility of these formulations. Thus at the expense of inflexibility, the results of the Cobb-
Douglas and simplified translog formulations that rendered themselves to sensible economic
interpretation were adopted.

The mean technical efficiency (mean TE) indicates that Alberta farmers are on average
91 percent technically efficient, based on the whole sample period, and 87 percent technically
efficient when the sub-sample period is considered. This implies that Alberta farmers could still
use the same amount of inputs and improve milk output, on average, by 9-13 percent through
enhancement of the physical productivity of inputs used in production. The mean economic
efficiency (Mean EE) is approximately 84 percent, which implies that the Alberta dairy farmers
could reduce the cost of milk production by 16 percent by both utilizing the inputs efficiently and
allocating them optimally according to their relative prices. The median of economic efficiency
(EE) measures indicate that more than 50 percent of the farms in both sample periods are

performing better than the average farm. The computations of allocative efficiency indicated that

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



157

the mean allocative efficiency (Mean AE) is approximately 92 percent, which implies that the
average farm would reduce its cost by about 8 percent if it were to reallocate the used inputs in
accordance with their relative prices.

In analysing potential sources of technical or economic efficiency for Alberta dairy farms,
a number of factors were identified. Herd size was shown to exert a negative and significant
influence on economic efficiency, and insignificant influence on technical efficiency, which
indicates that small herds tend to show higher levels of efficiency than large ones. Though large
farms may imply high levels of economies of scale, this may come at the expense of reduced
intensity in animal care, which may explain why the influence of herd size on technical efficiency
is not statistically significant, since reduced intensity in animal care may lead to a decrease in
cows’ productivity.

Capital intensity was found to be more important in enhancing output than labour
intensity. Though capital is more expensive than labour, the results tend to suggest an incentive
exists to utilize more of it relative to labour because of its relatively higher contribution to
productivity.

Higher breeding and veterinary services were found to be associated with high levels of
technical efficiency, and vice versa for economic efficiency. The implication is that though
breeding and veterinary services may not result in reduced cost per cow, they tend to enhance
output. Lastly, the increase in the ratio of grains and concentrates to hay and forage was found
to enhance technical efficiency, though it was not significant with respect to economic efficiency.

Time was found to have no bearing on either technical or economic efficiency, which
implies that in the period examined, changes in the levels of technical and economic efficiency
have not been significant. The stochastic model was found to be a correct representation of
both the production and cost frontiers relative to either “average functions or deterministic
frontier function”. Lastly, different distributions of the inefficiency error term were found to be

inconsistent in terms of resulting average measures and the ranking of individual technical and
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economic efficiency measures, indicating that the appropriate choice of the distribution is

dependent on the data used.

5.3 Conclusions

This study set as its principal objective to determine technical and economic efficiency for milk
production in Alberta. Using a farm-leve! panel data set of Alberta dairy farms, empirical results
suggest that Alberta dairy farms are, on average, highly efficient relative to the best farms in the
industry. This suggests that the farms are relatively homogeneous in their efficiency of
production. These results are consistent with the findings of previous studies that have analysed
the Alberta dairy industry (e.g. Richards & Jeffrey, 1996, 1998, 2000).

In addition to the estimation of efficiency, analysis of potential sources of technical or
economic efficiency for Alberta dairy farms suggests a number of additional implications. First,
Alberta dairy farmers have the potential of improving on their perfformance, on average, both in
terms of utilization of inputs and reduced costs — even without resorting to new technologies. To
this effect, Alberta farmers may consider spending more on breeding and veterinary services,
exploiting opportunities availed by capital and utilising fully the existing scale of operation.
Secondly, marginal gains in reduction of cost of producing milk may come through reallocation
of inputs.

Lastly, as Alberta farmers are encouraged to embark on herd expansion, as a strategy for
enhancing competition (Western Producer, 1999), the findings of this study with regard to a
positive relationship between herd size and economic efficiency need to be qualified. Richards
and Jeffrey (2000) suggest that the maximum economic efficiency herd size for Alberta
approximates 70 cows, which refers to the economies of size and not to the herd size that
reflects high levels of economic efficiency. Small farms are likely to have lower capital-labour
ratio than large farms. Also, the results obtained are conditional to a given (fixed) level of all

other explanatory variables that lower than the present (approximate) average herd size in the
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province. In addition, with the findings in this study that the average farmer is operating in the
economically rational zone, herd expansion may have to go hand in hand with additional capital
investment. This goes beyond the mere raising of efficiency levels to adopting new techniques.
Though this may require big investment, it may be timely, especially because the potential gains
from only efficiency improvements are now limited, given that the farms have already reached

high levels of efficiency and are highly homogeneous in their operations.

5.4 Limitations and Directions for Further Research

In conducting this study, several limitations were faced. The main problems related to the quality
of some data, or lack of it. For example, because the specificity of individual farms could not be
ascertained, analyses of this study were confined to the “average farm”; also, some data on
labour were incomplete and had to be generated by averaging from the available data.
Moreover, some information for family labour on wages and hours worked might have been best
estimates by the respondents, for lack of record. Data shortcomings may be the cause of some
of the results that did not augur with economic interpretations, for which reasons the results
were not reported. Good results are primarily predicated on the goodness of data (in terms of
both quantity and quality) as well as on the closeness of the theoretical model to the real world it
attempts to capture, for example, the chosen functional form. To the extent that the data were
deficient in some respects, these shortcomings are likely to have compromised some of the
results. In addition, the data were collected from producers operating in a regulated environment
of supply management; thus, their economic decisions are likely to have been constrained
within this policy regime and may change if the environment were to change.

Another limitation is related to the scope of the study. Like many related studies on
efficiency in North America, the analyses focused on only one region. This focus makes

comparisons with other studies very difficult in view of the differences in approaches, methods,
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and methodological assumptions, even if data limitations were to be assumed away and basic
assumptions about economic theory were to be invoked.

Future studies within provinces should focus on estimating efficiency using different
approaches and methods. A few studies that have attempted this analysis have indicated that
the estimated efficiency levels are not the same across approaches or even for different
methods within a particular approach, even though the ranking of firms’ performance is
maintained. If this were to be further evidenced, the magnitudes of efficiency levels would be a
relevant gauge of performance only when the methods are the same. For parametric estimation,
a two-step procedure is recommended. First, frontiers should be estimated using alternative
distribution assumptions for the inefficiency error term. Second, tests for the best functional
formulation and further economic analyses should follow, based on the distribution of
inefficiency that is indicated as being specific to the data used.

Secondly, because the main objective of these studies is to enable the producers to
assess their competitiveness, it is not enough to gauge their performance against the best in
their own industry. Studies need to be broadened to include several provinces. Researchers in
different provinces could pool resources and data to carry out such studies. However, because
Canada has not yet adopted some of the technologies used in the US, which are affecting the
yield per cow, it may not be advisable to carry out comparative studies that rely on aggregated
output data involving US states. Good comparative studies of efficiency would require the output
be disaggregated and related to the underlying technology. Alternatively, perhaps it is time we
considered estimating “health-sensitive” production and cost frontier models for the dairy

undertakings in North America.
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APPENDICES - ESTIMATES CONVENTIONAL TRANSLOG
AND SUMMARY STATISTICS
Appendix A - Production Frontier Estimates

Table A1 Conventional Translog Production Frontiers

ESTIMATION 1 ESTIMATION 2
19801996 ___ 1986:1996 ____
PRODUCTION
FRONTER  _VARVBLE  cOEFF.  T-RATIO _COEFF._ T-RATIO
CONST. 2.924* 3.033 1.457 1.125
GC 0.190 0.685 -1.309* -2.574
HF 0.271 1.628 0.073* 0.333
L -0.154 -1.038 -0.141 -0.911
K -0.315 -0.956 -0.828* -2.033
Ol 0.495 1.306 1.666* 3.079
YR 0.036 1.331 -0.023 -0.488
GC.YR -0.003 -0.694 -0.004 -0.455
HF.YR 0.001 0.528 0.001 0.161
L.YR -0.005* -2.254 0.000 -0.166
K.YR -0.019* -4.347 -0.024* 2777
OLYR 0.012* 2.188 0.019 1.928
YR.YR 0.000 -0.308 0.001 1414
GC.HF 0.024 0.771 0.017 0.446
GC.L -0.008 -0.286 -0.008 -0.246
GC.K 0.217 4,076 0.128 1.660
GC.Ol -0.140 -2.662 0.227 2.298
GC.GC 0.030 2.216 -0.185 -4.109
HF.L 0.027 1.958 0.016 0.995
HF.K -0.052 -1.679 -0.087* -2.573
HF.Ol -0.037 -1.051 0.032 0.739
HF.HF -0.037 -3.538 -0.034* -2.716
LK 0.018 0.653 0.010 0.314
L.Ol 0.018 0.646 0.013 0.404
L.L 0.007 0.779 0.007 0.695
K.Ol 0.053 0.962 0.099 1.412
K.K 0.004 0.105 0.052 1.273
OL.0l -0.057 -1.288 -0.197* -3.279
c 0.094* 4.024 0.056* 3.097
Y 0.881* 28.132 0.909* 32525
T.E. MODEL CONST. -0.039 -0.267 0.184 1.493
GH -0.133 -3.174 -0.163* -2.716
KL 0.047* 2.615 0.024 1.309
BE -0.017* -3.203 -0.005* -2.598
YR 0.008 1.208 -0.001 -0.116
YF Na na 0.007* 2.611
HS -0.001* -2.395 -0.001 -1.761

*Coefficient is significant at 5% level.
*The abbreviations for the variables are as follows:
Production Frontier:
GC - Grains and Concentrates; HF — Hay and Forage; L ~ Labour;
K — Capital; Ol - Other Inputs;YR ~ Time trend; and Interaction terms.
Technical Efficiency (TE) model:
GH - the ratio of Grains and Concentrates to Hay and Forage;
KL — the ratio of Capital to Labour; BE — Breeding and Veterinary services; YR
- Time trend; YF - Years of Farming; HS — Herd size.
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Table A2 Output Elasticity wrt. Inputs, Conventional Translog Production

Frontiers
INPUT ESTIMATION 1 ESTIMATION 2
(1980-1996) (1986-1996)

Grains and Concentrates

0.31 -1.13
Hay and Forage 0.20 0.02
Labour -0.09 -0.10
Capital -0.07 -0.63
Other Inputs 0.33 1.84
Returns to scale (RTS) 0.68 -0.004
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Table A3 TE Model From Conventional Translog
Production Frontiers '

COBB-DOUGLAS

Estimation 1 Estimation 2
(1980-96) (1986-96)

COEFF. T-RATIO COEFF. T-RATIO

VARIABLE"

CONST. -0.039 -0.267  0.184  1.493
GH -0.133*  -3.174 -0.153* -2.716
KL 0.047* 2615  0.024  1.309
BE -0.017*  -3203 -0.005* -2.598
YR 0.008 1208 -0.001 -0.116
YF na na 0.007* 2.611
HS -0.001* -2.395  -0.001  -1.761

*Coefficient is significant at 5% level.

*The abbreviations for the variables are as follows
GH - the ratio of Grains and Concentrates to Hay
and Forage; KL - the ratio of Capital to Labour; BE
~ Breeding and Veterinary services; YR — Time
trend; YF - Years of Farming; HS — Herd size.
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Table A4 TE measures from Conventional Translog

Production Frontiers

CONVENTIONAL TRANSLOG
Estimation 1 Estimation 2
(1980-96) (1986-96)
Mean EE 0.91 0.87
Median 0.93 0.90
Max. Value 0.99 0.98
Min. Value 0.51 0.49
Variance 0.004 0.01
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Table A5 Likelihood Ratio (LR) Tests of Hypotheses for Parameters of the
Conventional Translog Stochastic Production Frontiers for Alberta Dairy Farmers

CONVENTIONAL
TRANSLOG
Estimation 1  Estimation 2
(1980-96) (1986-96)
HYPOTHESIS
a) Ho:y=0
LLF, 566.14 431.87
Estimated frontier not
different from OLS LLFgr 524.70 378.33
(average response)
function. A 82.88 107.09
Critical Value
(5% Level) 14.85* 13.4*
Decision Reject Ho Reject Ho
c) (i) Ho:54=3,=...=85=0
(Estimation 1) LLF, 566.14 431.87
(ii) Ho:81=8,=...=86=0
(Estimation 2) LLFr 554,05 414.25
All parameters on the AL 24.18 35.24
variables explaining Critical Value
technical efficiency are (5% Level) 11.07 12.59
simultaneously equal to
zero (i.e., no TE effects)
Decision Reject Ho Reject Ho

* Critical Values are obtained from Kodde and Palm (1986). These values
entail a mixed x* distribution. Because y=0 lies on the boundary of the
parameter space for v, the LR statistic for testing if Ho: =0 is true has
asymptotic distribution that is a mixture of Chi-square distributions (Coelli

et al. 1998).
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Appendix B - Cost Frontier Estimates

Table B1 Parameter Estimates of conventional Translog Cost Frontiers

ESTIMATION 1 ESTIMATION 2
1980-1996 1986-1996

VARIABLE COEFF. T-RATIO COEFF. T-RATIO
Constant 5.481* 3.626 7.717* 8.487
Output (Q) -1.082 -1.444 -2.284* -4.896
Price of

Grains and Concentrates (PGC) 2.004* 6.019 1.359* 2972

Hay and Forage (PHF) -1.045* -3.600 -0.342 -0.784

Capital (PK) 0.264 1.220 -0.090 -0.390

Other Inputs (POI) -0.278* -3.143 -0.075 -0.636
Year (YR) 0.033 1.512 0.110* 2.465
Q.YR -0.003 -0.550 -0.011 -1.058
PGC.YR 0.003 0.783 -0.002 -0.254
PHF.YR -0.004 -1.804 -0.010 -1.988
PK.YR -0.008 -1.231 0.015 1.075
POLYR 0.009 1.335 0.002 0.155
YR.YR 0.000 0.079 -0.004* -2.985
Q.PGC -0.304* -2.725 -0.334 -2.714
Q.PHF 0.234 3.162 0.035 0.293
Q.PK -0.016 -0.330 0.022 0.445
Q.POI 0.065 0.596 0.326* 2.428
Q.Q 0.229* 2.544 0.514* 5.378
PGC.PHF -0.103* -2.232 -0.076 -1.160
PGC.PK 0.020 0.994 -0.004 -0.159
PGC.POI 0.124 1.368 -0.067 -0.643
PGC.PGC -0.009 -0.177 0.056 0.894
PHF.PK 0.008 0.424 0.007 0.349
PHF.POI -0.025 -0.457 -0.055 -0.723
PHF.PHF 0.055* 2.557 0.060* 2.207
PK*.POI -0.061 -1.635 -0.090* -2.208
PK.PK 0.038 1.158 0.077* 2.089
POLPOI -0.038 -0.787 0.099 1.727
o 0.095* 5.908 0.087* 6.162
y 0.844* 28.232 0.841* 25.268

Note: Prices are relative to the price of labor
* Coefficients are significant at 5% percent.
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Table B2 EE Model Estimated with Conventional

Translog Cost Frontier

COBB-DOUGLAS

Estimation 1 Estimation 2
(1980-96) (1986-96)

COEFF. T-RATIO COEFF. T-RATIO

VARIABLE"

CONST. -0.018 -0.142 -0.167 -1.012
GH -0.054 -1.769 0.001 0.034
KL 0.222* -14.783  -0.252*  -11.699
BE 0.006* 4.751 0.006* 4.680
YR . -0.010 -1.610  -0.026* -2.383
YF n.a. n.a. 0.010* 4473
HS 0.001 1.753 0.001 1.645

*Coefficient is significant at 5% level.

*The abbreviations for the variables are as follows

GH - the ratio of Grains and Concentrates to Hay and
Forage; KL — the ratio of Capital to Labour; BE -
Breeding and Veterinary services; YR — Time trend; YF
~ Years of Farming; HS — Herd size.

Table B3 EE Measures from Conventional Translog

Cost Frontiers
CONVENTIONAL TRANSLOG
Estimation 1 Estimation 2
(1980-96) (1986-96)
Mean EE 0.83 0.84
Median 0.86 0.87
Max. Value 0.98 0.98
Min. Value 0.33 0.32
Variance 0.012 0.013
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Table B4 Likelihood Ratio (LR) Tests of Hypotheses for Parameters of
the Conventional Translog Stochastic Cost Frontiers for Alberta

Dairy Farmers
CONVENTIONAL
TRANSLOG
Estimation 1  Estimation 2
HYPOTHESIS (1980-96) (1986-96)
a) Ho:y=0
LLF, 285.51 214.74
Estimated frontier not
different from OLS LLFr 193.48 123.29
(average response)
function. AL 184.06 182.89
Critical Value
(5% Level) 14.85* 13.4*
Decision Reject Ho Reject Ho
¢) (i) Ho:81=8,=...=85=0
(Estimation 1) LLF, 285.51 214.74
(i) Ho:81=82=...=8¢=0
(Estimation 2) LLFr 253.66 174.70
All parameters on the AL 63.70 80.08
variables explaining Critical Value
technical efficiency are (5% Level) 11.07 12.59
simultaneously equal to
zero (i.e., no EE effects)
Decision Reject Ho Reject Ho

* Critical Values are obtained from Kodde and Palm (1986). These values
entail a mixed x? distribution. Because v=0 lies on the boundary of the
parameter space for y, the LR statistic for testing if Ho: y=0 is true has
asymptotic distribution that is a mixture of Chi-square distributions (Coelli

et al. 1998).
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Table C2 Selected Summary Statistics for Technical/Economic Efficiency Models

Vet.& Med. Herd size yrs of farming
1980 Mean 21.11 70.35
Minimum 0.00 24.50
Maximum 96.05 182.50
1981 Mean 19.04 69.72
Minimum 2.17 36.50
Maximum 63.09 181.00
1982 Mean 20.52 71.80
Minimum 173 31.00
Maximum 46.88 173.00
1983 Mean 21.28 68.42
Minimum 2.39 30.00
Maximum 83.48 167.00
1984 Mean 21.01 71.42
Minimum 2.59 34.50
Maximum 61.52 171.00
1985 Mean 22.12 72.32
Minimum 2.81 33.50
Maximum 65.39 179.00
1986 Mean 26.47 70.15 12.82
Minimum 2.08 30.50 2.00
Maximum 76.14 145.00 46.00
1987 Mean 27.95 78.03 16.07
Minimum 1.76 33.50 1.00
Maximum 70.82 268.50 66.00
19088 Mean 27.18 79.61 15.00
Minimum 1.82 30.50 2.00
Maximum 64.20 273.50 48.00
1989 Mean 25.97 76.35 15.14
Minimum 2.03 26.50 2.00
Maximum 62.34 281.50 48.00
1990 Mean 33.78 80.96 14.98
Minimum 5.78 27.00 1.00
Maximum 122.66 275.50 40.00
1991 Mean 30.16 85.48 14.57
Minimum 6.39 28.00 1.00
Maximum 75.65 269.50 39.00
1992 Mean 32.79 88.09 14.31
Minimum 1.62 28.00 2.00
Maximum 90.13 268.00 36.00
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1993

1994

1995

1996

Mean
Minimum
Maximum

Mean
Minimum
Maximum

Mean
Minimum
Maximum

Mean
Minimum
Maximum

37.25
4.96
96.01

38.89
6.34
102.17

38.69
12.83
97.59

44.04
14.18
133.98

89.72
27.00
226.50

88.82
32.50
223.50

94.12
35.00
230.50

91.26
35.00
226.50

14.66
1.00
36.00

16.36
2.00
40.00

15.74
2.00
38.00

16.03
1.00
43.00
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