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ABSTRACT

This theeis empirically examines the=characteristics of
the - Canadian agriculture production technology
‘dlsaggregating .output 1into two distinct products. A
multiple input mul“19le\outgut joint nonhomothetic translog
cost function with. n - 1 cost share and m revenue share
 equations ‘i estinia L5 using pooled cross sectional time
series data for “he "inie pe: »d 1961 to 1979. In addition,
a- interrégional compariscn between Easteru and Western

Canadian agricul:ure i ce~“ucted.

Statistical aAnalysis focuses on ‘global tests for
alternative prcduction structures such as homotheticity,
homcgeneity, log linearity and linear homogeneity. “Four
alternative specifications of global- constant returns to
scale were re]ected Furthetmore,'tle rejection of glotal
homotheticity suggests to view previous analysis employing

the single output specification with caution.

alculatlons are conducted to estimate the values of
various summary measqres such as the partial elast1c1ty of
substitution, own and cross' pricev elasticitiec of factor
demands, output elasticities .of factor demands, marginal
rates of product@transformation, marginal ¢ost of outputs
and local overall returns to scale for each region and the

Canadian aggregrate.

Local tests conducted on ' the agriculture technology
reveals, at the point. of approx1matlon, agriculture is a
1ncrea51ng cost industry. Furthermore, local tests leads

one to reject constant returns .to scale at the pOLnt of

-



- w

approximation for the two regions -and the Canadian

aggregate.

The empirical -findinés indicate there exists
interregional ‘differénces in the agridﬁltufe technOlqu
utilized in Eastern and Western Canada. Morever, there
exists' significant intraregional - differences in the
tgphnblogies employed ‘in the production of field crops and
livestock/animal products. In conclusion, the agriculture
technology of Eastern Canada, Western Canada and the
Canadian aggregate is a nonhomothetic multiple output

multiple input one.

vi
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CHAPTER I: INTRODUCTION

1.1 Background ) ,

Agriculture is an|important major industry in Canada -
accounting for 9.3 § of Canada“’s .export trade;l The
‘agriculture industry including4£hé processing, wholesale
and re;ail sector represents approximately 25 % of

Canada“s economic activity.2

The national food strategy conference of 1978 in its .

- summary statement stated one of its eight objecti&es was

3

to increase production ' and marketing efficiency. A

necessary condition to achieve this objective 'is an

adequate knoﬁledge of the technological structure of
. \ :
Canadian agricﬁ%ture.

\\
\

Historicallfy Canadian agriculture, on the .supply

y

—

it

\ . . . ) ,
side, has been chagacterlzed by technological change, net

inflows of capitalA\net outflows of labor, increases in
the. capital-labor rgkios and above average increases in

\ VEEES

lcanada vearbook 1986\— 8L.
21pid. \

31bid. \



productivity. More recently, there has been a decline in

the rate of growth in Canadian agriculture productivity.4

As a result, several studies have empirically investigated

the characteristics of an aggregate Canadian agriculture-

production teéiﬁology utilizing time-series data.

In general, these studies have focused on estimating
the growth in total factor'productivity, the degree of
technological change, returns. tb scale, and/or Qarious
summary statistics such as own price elasticity oﬁ factor
demands, cross price elasticity of factor demahds"and
elasticity of factor substitution. Moreover, most of
these recent studies have employed relatively recent
advanceé in three areas of ebonomics:'(l) duc.iity, where a
dual cost or ptofit function is used instead of the primal
production function,> (2) the refineﬁent of conditions.of
6

aggregation and the related theory of index dumbers,

(3) flexible functional. forms and approximating

4The most recent study of the slow down in the 1960°s
and 1970”s is Brinkman and Prentice (1983).

SFor "survey articles on duality see Diewert (1974Db,
'1978b, 1982), McFadden (1978), and Nadiri (1982). For an
indepth presentation see Blackorby, Primont and Russell
(1978) , Fuss and McFadden (1978) and Varian (1978).

bFor recent articles on aggregation and index numbers,

see Blackorby, Primont and Russell (1978) and Diewert
(1976, 1978a).

and

L{x



functions;7 These recent studies have contributed

siénificantly to our statistical understanding bf -~ the
Canadian aériculture production technology. In addition, .
~hese studies have provided us with aﬁ extremel; useful
guide showing the methodology of empirically implementing

these relatively new advancements ' and techniques in

economics.

The most recent advancement in the production
anélysis literature is an extension of the single output,

multiple input costing approach to the multiple output,

8 Ail of the Canadian agriculture

9

muitiple input case.
studies haQe utilized a singlé'aggregate output approach.
This thesis is a first attempt to analyze Canadian

agriculture using a multiple output, multiple input cost

7the use of flexible functional forms in econometric
estimation has been rapidly increasing. For a selective
literature review on flexible function forms see Appelbaum
(1979), Berndt and Khaled (1979), Blackorby, Primont and
Russell (1977, 1978), Burgess (1975), Denny (1974), Fuss,
McFadden and Mundlak (1978), Lau (1974) and Wales (1977).

8The multiple output multiple input case is synonymous
with the multi-output,. multi-input case and multiproduct
case. ’

9The author is aware of only one study using the
multi-product, multi-input approach to agriculture. Ray
(1982) analyzes U.S.A. agriculture. ’



approaéh explicitly testing the production structure.10

The following selective literature review provides a
brief compendium of recent studies which investigated the
‘ characte:istics of Canadian agriculture. The literature'

. . l
review isvnecessary in order to provide some background

information on the production structure of Canadian

agriculture. ¢

1.2 Literature Review

Islam and Veemanl(1980), employing a model comprised
of five input share equations dorived.explicitly from a
translog cost functién augne: . ted to incorporate
technological‘ change, empirically estimated the summﬁry
statistics of the Canadian agriculture production
technology.for the period 1961 to 1978. Although it ds an
exéellent study, there exists one severe conceptual
problem with their.analysis which questions the empirical
validity of their results. Islam and Veeman impose
constant returns to scale on the production technology

they seek to analyze.

107 have been recently informed of Islam ,6(1982) who
estimated several alternative specifications of Canadian
agriculture. However, Islam (1982) does not empirically
discriminate between alternative specifications and as a
result, one does not know which one of the alternative
models are empirically valid.



The maint;ined hypothesis of constant returns to
scale may leﬁd to‘biaqes in the empirical results %{ﬁtge
production technology is in fact not homogeneous offdegree
one. 'Lopez (1980) has shown the assumption of constant

returns to scale imposed on an empirically valid

'z

nonhomogeneous, nonhomothetic cost function can lead to.

statistically biased estimates of technological change.

Furthermore, Brown, Caves and Christensen (1979) have

shown the: imposition of homogeneity and homotheticity,
which are.,necessary conditions for constant returns to

scale, on a nonhomothetic function 1leads to incorrect

parameter estimates. TLau (1974) statesll,

"The constant returns assumption may be
dropped at virtually no cost. In many
applications, especially in the empirical analysis
of microeconomic units, it may not be appropriate
to maintain the hypothesis of constant returns to
‘scale."” :

\

~

Islam and Veeman by maintainiﬁgmzﬁgwEBHEEEﬁtTfetufhs_

to scale translog cost function are assuming homogeneity
of degree one on the unknown °true production technology.
‘The use of this assumption is quite typical of earlier

empirical costing studies and can be attributed to either

\ \

a \
Mrau (1974) p. 180. \

y



a misinterpretation of Diewert (1974b)l2 orfthe lack of a
sufficiently large data set to estimate all the parameters
involved in the nonhomogeneous case. It appears, Islam and
Veeman (1980) assume 1linear homogeneity because of the
.1attér.13 if the analyst has a large enough data set, then
the hypothesis of constant returns ' to scale should be

empirically tested rather than maintained.

Alternatively, Lopez (1980) using time series data
for 1964 to 1977 estimated the summmary statistics with
the aid of a modified Geﬁeralized Leontief cost function.
Moreover, Lopez tested the hypotheses of fixed proportion

production, constant returns to scale and homotheticity

and rejected all three for Canadian agriculture. -

Therefore, according to Lopez”s results, the Canadian
agriculture technology is nonhomothetic and the maintained
hypothesis of constant returns to scale would lead to

statistical biases.

Lopez (1980) maintained the hypothesis of the

R .

l"Diewert (1974b) made the theory of duality accessible
to a wider audience with his classic article. However in
his -~ development of dualitvy theory, Diewert assumes

constant returns to scale on. the production function for

expositional simplicity. ' Consequently, Lau (1974) and
Shephard (1974) correctly point out constant returns to
scale is neither necessary nor sufficient for the duality
results to hold.

13It -appears Islam and Veeman (1980) had 18 observatlons
and estimated 22 parameters directly.

O



7
modified Generalized Leontief cost function. Although
there is no, a priori, theoretical grounds for choosing a

" particular flexible functional form, ﬂ$ may be the case’

_ : o
the empirical results may be sensitive \to tpe particular

i

\
functional specification. If a generalized Box-Cox,14

hybrid translog,15 or a translog function16

was used
instead of the' generalized Leontief,l7 fhen would the
subsequent empiriéal results be consistent yith Lopez?
Fur thermore, Lopez in  his analyéis uged > aggregate
agricultural' output. It is of 1interest to dete;mine
whether the statistical summary measures of Canadian
agricﬁiture are sensitive to:the degree ofvaggregation.
Chan and ﬁountain (1981) engaged a translog primal
produétion function to investigate the growth in total
factor productivity in>Canadian agricuiture froﬁ 1953'ﬁq
‘1976 and attributed portions of érowth to thev raté of

technical progress and returns to scale. The hypothesis:

of 1linear hqpogenéity of the production technology is

l45ee applebaum (1979), Berndt and Khaled (1979), or
Kiss, Karabadjian and Lefebvre (1981).

15See Caves, Christensen and Tretheway (1980), Fuss and
Waverman (1978), or KRiss, Karabadjian and Lefebvre (1981).

<

16The transcendental 1logarithmic function or translog
for short was introduced by Christensen, Jorgenson, and
Lau'gg973).

17The‘ generalized Leontief function was orginally
formulated by Diewert (1971).

1



rejected.at both the 10% and 5% 1eveIlof'significance.18

Estimating a restricted .profitl funption, .Danielson
(1975) analyzed Canadian agricqiture for tﬁa period of
1946 to 1970 and‘rejeqted,th@ exisfénce.of an aggregate
profit function. Danielson’s priﬁary contribution was to
examine and show the problema assogiated with data
collectlon and data refinement. The .rajection of"the
existence of an aggregate proflt function may be as a
result of hlS data set or his ch01ce of a functional form

rather than the, nonex1stence of such a functlon.

Islam (1982) estimated the agriculture production
technology for qanada and Western Canada fof the period of
1961 to ‘i978 employing'.sevafal aléernative sets of
res;rictioﬁs. Parameter estimates were arrived at by
‘specifying fqar varlants of the translog cost functlon.
‘The ;hamotﬁetic‘ jOlnt* output model//W1th technologlcal
change,19 the homothetié_-single output model with
technoibgical;dhangé,,aaé the nonhomothetic single output
model }wifh and without technological change are all
estimated psihg a tranélog cost function. However, Islam

(1982) does not empirically test the validity of the

18Chan-a-nd Mountain (1981) p.l2.

_ 19Islam (1982) uses the expression "joint output™ to
mean "multiple output”. The multiple output literature
notes the distinction between‘the two expressions.



restrictions he has imposed on his model and therefore
does hot allow him to make any statistical conclusions
between the alternative Qariants of his model. In
addition, Islam (1982) does not- test for methods of -
aggregating output from the mu;tipie output case to the

single output case.

Lopez and Tung (1982), using pooled Canadian data and
a ‘refined data base, building upoﬁ Lopez (1980),
investigated 7profit maximizing beha?ior and the
implications of energy conservation measures on Canadian
agriculture. It appears Lopez and Tung (1982) utilized
pooled time series and cross sectional data for the period
1961 to 1979 to increase. the size‘of their data set. The
authors do explore to some extent the degree of the
possible interregional differences between the agriculture
production technology' of Eastern and Western Canada.2?
However, Lopez and Tung (1982) employed the generaliged

Leontief function and a single aggregate output as was the

case in Lopez (1980).

Finally, Lopez (1982) utilizing a variable profit

function examined the 1long run responses of Canadian

2-OLope:z and Tung (1982) used dummy variables in their
first order equations to capture interregional variations
and concluded Western Canada appears to have a more land,
labor and other intermediate input intensive technology
compared to Eastern. Canada.



10

agriculture to higher Canadian energy prices. The

analysis is based upon the summary statistics found in

Lopez (1980).

There are several points of interest which are common
to all of the above cited studies. First, all of the
aforementiqned. studies employed highly aggregated
time-series national data to estimate the production

21 1,

technology of Canadian agriculture. spite of an

obvious need for pursuing a more disaggregated approach,
relatively‘iittle effort has been.devoted to thie area.
It is of interest to examine the agriculture brbduction
technology‘at either the provincial level or the regional
level to determine the extent of interpfovincial or

. interregional variations. ) ' -

Second, all of the above mentioned studies relied on
either the geheralized Leontief or translog functional
specification; Lopez, in all of his studies, utilized the
generalized Leontief form. It is of interest to determine

to what extent his empirical results are sensitive to that

21lone exception is Lopez and Tung (1982) who use pooled
data comprised of Eastern and Western Canadian data.

{
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functional specification.22

Finally, all of the reviewed studies maintain the
existence of a single aggregate output. ~ This 1is
equivalent to assuming‘separability of input prices and
outputs in the cosﬁ functidn.23 It hay be tﬁe case the use
of a single aggregate output leads to statistical giéses
in the estimated summary measure if the production
technology is a multiple output one and the method of

output aggregation is ad hoc.

1.3 The Problem

Although empirical investigation of a : particular

economic phenomenayusing aggregate data may yield useful

results, it may conceal empirically valid observat@ons

\

available from the utilization of a more disaggregated

approach. Public policy based on results detived from
aggregate analysis may lead  to inappropriate
recommendations. Consequently, it is of interest to

22Islam and Veeman (1980) used the translog cost
function while Chan and' Mountain (1981) employed the
translog production function. The problem with the former
is the imposition of constant returns to scale and a
potential problem with the 1latter 1is the measurement
» problems associated with estimation from the primal side.

237he conditions for separability of input prices from
outputs will be discussed in a later chapter.



12

investigate the ch&racteristics of Canadian agriéulture‘
disaggregated in two wayél First, it is useful to examine
the agricuitural output and treat it as tko distinct
product types: field crops and livestock/animal.products.
Second, due to the.heterogéneity of Canadiép agriculture,
it 1is of interest to investigate the- interregional

differences in the agriculture technology,24«

It is of interest to examine .Canadian agficﬁlture
disaggregating output into a multiproduct cost function to
determine to what extent the summary measures reported in
the above cited studies are sensitive to thé dégree of

\ .
output aggregation. 1In addition, by using a multiprodqpt
approach .one c¢an test  for cost 'complementarities,
economies of scope, and caiculate marginal rateé' of
product transformation'which are unavailable in thebsingle

output casé.25

The heterogeneity of Canadian. agficulture is
reflected in part by the interregional differences 1in the

agriculture -output mix, factor endowments, factor usage,

24Originally, I started to examine the interprovincial
differences in Canadian agriculture. However, due to the
unavailability of a' data set, I quickly abandoned the
approach and moved to a more tractable perspective.

25Cost '~ complementarities, economies of scope and
\\\ marginal-rates of product transformation are defined in a
/subseqd/nt chapter.

1
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Sen

output specialization and factor proportions. Therefore,
as ‘a brief introduction to the problem, an examination of
interregional variations in factor usage and factor’

proportions is presented.

Table 1 representé the 1levels of the factors of
producfion 'employed in agriculture by province in the
census ye&r 1976. Generally and‘diécursive;y,~the table
indicates the préirie ;provinces exhibited the highest

"~ absolute factor usage of'land, labor and capital by regioh
' ' l

and this usage declines as one moves easﬂ or west.

AlterﬁétéiY}:“table.”gm;specifies the factor input

ratios observed in agricg;ture f;; tH€\§ame\¥ear, The
Cross sectionaluobsefvaﬁién indicates the value of capital
per unit of labor and the.land—labor ratio was the largest
in 'Ehe prairie provinces énd generally declines moving

either east or west,

J

The discussion above does clearly indicate there

exists differences in factOr usage and factor proportions :

'.améng provinces for the selected year 1976. Ho& much o?
these interprovinciél vvariaﬁions‘ can .b7, ‘in gene;al,
.attribdtqd to differences in prpvincial ﬁechnologies égd
séecificallyﬂto differencesiin'the rate of technological
progress, scale .effects and output compositioﬁ? Data
limitations 'require an interregional‘ COmpg}isqn betwéen

Eastern and Western Canada rather than an interprovincial

—
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Table 1: Factor Input Values for Agriculthéf‘\

/ N

‘\

Province | . Land?® Capitaib Labor®
Atlantic | 1415 | 240 21
ngbec - 5923 863 ) | 74
Ontar io 11069 1940 113
Prairies | 88967 5645 } 247
British Columbia 1911 346 18

\ } .
a. Improved land ‘in use in 1976 -

(thousands of acres) Source: Census of Canada

b. Value of machinery hnd'equipmenfiin 1976
(millions of dollars) Source: Statistics Canada

' c. Paid and unpaid workers in agriculture in 1976 @,
(thousands of workers) Source: Statistics Canada

i

/



Table 2: Factor Input Ratios for Agriculture?® -~

9

Region X Land/Labor
J
Mératimes . 67.38
Quebec | o 80.04
IR 97
Ontario . . . 97.96
Prairies 360.19

British Columbia . 106.17

B

15

A

o

e

' Capital/Labor

11.43

’llzé6
17.17
22.85

19.22

a. Calculated Sy dividing\the 1976‘factor input values by‘

labor as reported in Table 1.

~
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comparison.

The purpose of this thesis is to investigate, analyze
and examine the characteristics of the multiple output
égricuitural.producfion technblogies adopted by these two
regions in Canada in anticipation of inferring further

interregional diffences.

1.4 Objectives

The problem, as defined above, suggests the

.development and Jimplementation .of‘ a comprehensive - and
general quantitative 'model. for use in ffgirically
analyzing interregional differences in theQ production
technology of Canadian agricuiture. .As- a result, the

objectives of this thesis are as follows:

1. to review the 1literature with respect to
. duality in production and functional forms,

2. . to specify a model and methodology employing a
multiple output, multiple input cost function
which can be implemented to deétermine the
degree of interregional variations in Canadian
agriculture,

3. to examine the summary statistics of Canadian

agriculture derived from the multiple output,
multiple input cost model,

4., to determine empirically if there exists
interregional differences in agricultural
production technologies,

5. to estimate the degree and extent of the
interregional differences and attribute them to
the appropriate explanatory factors.
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In short, the objective of this thesis is to provide
an economic investigation of the multiple input, multiple
output production technologies rzpresentative of Canadian

agricultufe at the regional leve .
|

1.5 Qutline .
The organization of this thesis is as follows. A

brief literature survey'oh‘duality and functional forms in
the multiple input, multiple output case is provided in
Chapter 2. Moreover, the general forme of  the various
summary measures are preeented} In addition, the notions
of homogeneity, homotheticity, linear. homogeneity,
economies of scope and cost complehentaritiee in the

multiproduct case are discussed.

In Chapter 3, the regional multiple input, multiple
output agrieultu;e cost funetions are specified. ‘The
nonhomothetic; joint, multiple input, multiple outbut
translog cost function is introduced. Moreover, the exact
functional forms of summary statistics to be estimated are
developed in this chapter in conjunction with the exact
forms of.the hypotheses to be tested.

Chapter 4 presénts the econometric aspects of

b
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estimation and tests the hypothesis of a general global
structure. Subsequently, a maintained hypothesis of.'a
particular global structure is imposed.on the production
technology for tractability such thqt an interregional
comparison cén be made. The estimated summarf statistics
and the empirical results of vérious local test are also

provided.

Chapter 5 provides a summary of the major findings of
this thesis. Moreover, the limitations of this study are
discussed. The conclusions of this study and directions

for subsequent analysis are also provided in this chapter.



CHAPTER II: LITERATURE REVIEW and METHODOLOGY

This chapter is comprised of a selective literature
rgview of production theory. Section 2.1 examines the use
of duality theory to estimate the characteristics of a
multiple input, multiple outpﬁt- production technology.
The sufficient conditions required of the dﬁal cost
fuﬁction_such that it sdccinctly describes the production

technology are presented. In addition, the advantages

associated with use of the dual approach are highlighted.

In section 2.2, restrictions on the general
production structure are discussed. In partiéulaf, the
notions of homothetiéity and homogeneity of the production
structure and their subsequent effects on the cost

function are discussed.

In section 2.3, the general forms of various summary
measures such as the Allen-Uzawa partial élasticitiés of
substitution, the partial c¢ross price elasticities of
factor demands, the own price elasticities of factor
demands, the output elasticity of factor demands, and the

marginal rate of product transformation are presentea.

A discussion of product-specific economies of scale
and overall economies of scale is presented in section

2.4. Furthermore, a measure for the existence of economies

19
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of scope is presented in the context of a multiproduct

industry.

\

Section 2.5 discusses the functional specifications
of the production technology in general. Thé
characteristics of flexibiiity are discussed "in the
context ofmilexibie functional (approkimating)-forms and

generalized (exact) forms in section 2.6.

2.1 Duality Theory

The purpose of this section is to provide a brief
description of the duality between production and cost
functions in order to make this thesis self contained.
Moreover,x the’ prégmaﬁic ana | theoretical advantages
. asspciatéd with the dual appr9ach vis-a-vis the primél
approach are highlighted.26

The fundamental érinciple of duality in production
states if therekéxists cost miniﬁiiation and input price
taking behav}or then the cost. function of a firm

|
"summarizes all of the economically relevant aspects of its

26The presentation is given without proofs since they
are easily found elsewhere. A more-detailed description
of the dual approach to micro theory includinc proefs can -
be found in Shepard (1970), Uzawa (1964), McFadden (1978),
Diewert (1971, 1974b, 1978b, 1982), Fuss and McFadden
(1978) , Blackorby, Primont and Russell (1978), Nadiri
(1982) , and varian (1978).
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technology.27 Consequently, under  the appropriate

regularity conditions, the production technology utilized

"by a firm or an industry can be alternately and

-

equivalently described and analyzed by either the primal
function  (production function or the tfansformation
function) or the dual function (costifunction or profit
funCtiOﬂ)-28 As a result, the analyst can specify a welL
behaved dual cost function Without explicitly deducing "it
from the primal fﬁnction and be assured it chagacterizes
the eéonomip information of production if and only if the

cost function satisfies certain regularity conditions.

A set of sufficient conditions required of a cost
j?yxﬂfﬂn;\éuch that there exists an unique relationship

between the primdl and dual functions is as follows. Let

" the cost function be represented by a twice differentiable

continuous function such as,\
C = C(P,Q) (1)

where:
C represents total costs,

P is a vector of input prices Py, Py,..., P ., and

27yarian (1978), p.38. ' ]

28There also exists a duality between the derivatives of
the primal and dual functions.
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Q is a vector of,ohtputs Q- Qz,}.., Qm'

If the multiple input, multiple output cost function

defined in (1) is:29

1. positively linear homogeneous in P such that
C(tP,Q) = tC(P,Q)
for all £t > 0, Q > 0, P > 0
st ~tly positive for all positive input prices
anc very positive value of Q such that ,
c(P,Q) >.0
for all p > 0, Q > 0

3. noudecreasing in input prices such that
C(P",Q) > C(P,Q)

for all P* > P

4. concave in input prices such that
C(tP + (1-t)P",Q) >

tC(P,Q) + (1 - t)C(P”,Q)
for 0 <t<l1

B
¥

then .via the duality mapping the cost function (1)

represents a well behaved production ‘transformation

function such as,
F(Q,X) = 0 R (2)

where:

29See Varian (1978) , pp. 39-43 or Fuss and Waverman
(1978), p. 7.
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Q is a vector of outputs Ql' Qz,..., Qm'

X is a vector of inputs X1, Xo,..., X,-

As a result, one needs only to specify a well behaved cost
function meeting the conditions 1 to 4 and be assured it

represents the economic relevant information of a

production technology.30

The advantages associated with the use of the cost

function as opposed to the transformation or production

\

function are:

1. the cost function utilizes economic observables
such as input prices where as the production
function employs variables such as the
quantitiealof inputs which may be difficult to
quantify. . X

2. empirical analysis using the cost function is
computationally simpler and f%lows one to.test
a wider range of hypotheses.

3. factor demands and/or cost share equations are
derived easily by the use of Shephard”s lemma.

30Typically, the sufficient conditions on the cost
function for the existence of the duality mapping are
shown in the case of a single output cost and production
function. For an elaboration of the multiple input,
multiple input case see Lau (1980), Nadiri (1982), Denny,
Fuss and Waverman (198l1), Fuss (198l), Fuss and Waverman
(1978) , Panzer and Willig (1981), McFadden (1978), Hall
(1973) and Baumol, Panzer and Willig (1982).

31See Varian (1978) or Intrilligator (1978) for problems
associated W1th capital measurement. ,

32yadiri (1982) p.449.

)
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4., summary statistics. such as the various
elasticity measures are easily calculated in
terms of the cost function and its derivatives.

5. the use of the cost function expands the set of
possible functional forms @ describing the
production tgghnology when the function is not
a self dual.

6. one can specify a well behaved cost function
under the appropriate regularity condition’s and
be assured:;4 it represents: some production
technology. :

Once the cost function ' (1) has been specified such
that it represents the economic information of (2), then
the use of Shepard”’s lemma (Shepard, 1958) allows one to

obtain the factor input‘derived demand functions,

A

X; =SC(P,Q)/51>i = X; (P,Q) i=1, 2, 3,..., n. (3)

where:

X3 represents the quantity demanded of the ith inpué
P. represents the price per unit of the jth

i input.

)
Alternatively, one can derive the factor input share

equations,

3302u (1974), p. 185.

34yith particular functional forms of the transformation
or production function such as the translog, it 1is
impossible to derive the corresponding deduced cost
function. : .

o
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s; =0lnC /8ln Py = 8;(P,Q) i =1,2, 3,..., n. (4)

where:

th

represents the cost share of the 'i input such

o
.t at Si = Pi‘xi/C.

Thus, rather than specifying a functional form - for
the production function and deriving the input demand
functions therefrom , one éanA specify ’a cost function
directly which satisfiés conditioés 1 to 4 and then apply
Shephard®s lemma to obtain the ‘input demands or the cost

share equations.

Conséquently, the use of the input demand functions
or the cost share ‘equations allows one to Rdevelop
estimatable forms of certain - summary meésures which
succinctly describes the product{on .technology of - an
industr?’ or firm. One deveiops and éstimates ‘certain
statistics néuéﬁr as various elasticity measures
conveniently in térms of the cost function and its,partial

derivatives.

Similarly, one can derive the marginal cost of

_producihg an extra unit of any particular ouﬁpdt by,

MC, = dc(p,Q) /SQY  y=1,2,3, ..., m. (5

or the output elasticity of total cost for any particular
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output by,

Eey = 81n C(2,Q) /8InQ, v =1,2, 3, ..., m. (6)

If the industry is <characterized by perfect
competition and the firms and industry are in equilibfium,

h 35

‘then (6) becomes the revenue share of the ytB output,

R, = &ln C(P,0)/ &1n Q, y =1, 2, 3, «ou, m. (7)

The system (1), (3), and (5) or (1), (4), and (7)’

~
~

constitutes the basic general full model used to analyze
Canadian agriculture. The exact specificaiion of the

model émployed . is dependeﬁt off\\the functional
specification of the cost function (1). A discussion of
functional spgcificatioﬂ/and the éxact mdde; employed is

Ll

postponed to a later section of this thesis. o

\

Although economic theory provides little guidance in
choosing an appropriate functional form éf (1), theory
’ does dictate that certain conditions be met such that the®
spécification is consistent with prod?ction thegry.

. . oL
Neoclassical production theory imposes several
. ‘ l _

l

335gee ‘appendix A for the proof of equation (7)
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restrictions upon either of the two general models above.
A well behaved neoclassical cost function must be
homogeneous of degree one in input prices. - Linear

homogeneity of the cost function in P implies, by Euler”’s
. (48 .

theorem, the following restrictions:36

a. theAaddiﬁg up condition where the sum of
all costs equal total costs such that

{;pi-xi(p,o) ="C(P,Q) |

b. Cournot”s aggregation'condition such that
Z;Piaxi(P.Q>/8Pj =0

c. Engel”s aggregation condition such that

d. Furthermore, symme try according to
Young”s theorem results in, the addifional
restriction )

Ciy = Cyi

These restrictions are then translated into parameter
restrictions, the exact form determined by the functional

specification of the cost function.

2.2 The Structure of the Production Technology

|

The cost function (1) 1is a generél' nonhomothetic

cd

joint cost function. Given a ﬁmltiple ihput, multiple

output cost function, it is of interest to examine whether’

_ the underlYing production structure is globally homothetic

36Fuss, McFadden-and Mundlak 1978, p. 232

*

[y
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or nonhomothetic. A technology is globally homothetic in
output if the cost minimizing expansion path, given input

prices, is a ray from the origin and the slopes of the

I
|

'isoquants on the expansion path are invariant to output.
(Silberberg, 1978). Denny and May (1978b) have identified
two economic properties of the cost function which isva‘

dual to a homothetic production technology:

"First, .the ratio of any two factor demand
equations is independent of the output level.
Second, the elasticity of total or average cost

-with- respect to output is 1ndependent of factor:

prices."”

o

The productlon technology is weakly homothetlc if the
flrst condltlon is met. A weakly ho;othetchproductlon
technology ig sufficient for lineaf ekpansion pathsv(Denny
and ngi 1978b).v_Week”homotheticity of‘theipfoduction

 structure impliesfinﬁut prices in the'dualfcostvfunction
are weakly :separable"from‘ output such that the cos.

" function can be_wri_tten_as':37

=G, BQ) , Y

Moreover, . the production . technology is strongly

- o P Co»
. . R .

37see Hall (1973), p. 890 for ‘this specification.
However, Hall (1973) does not use the "weak" terminology.



homothetic if conditions one and two are satisfi_.

According to Denny and May (1978b), if the production
structure 1is strongly homothetic then the dual cost
function can be written in multiplicatively separable form

\
as: ) “

C = G(P)"H(Q) . " (9)

It is important to test the production structure for

!

homotheticity and henéeQEhe cpst function for input prices
and output separability for two reasons. L First, the test
for separability of  input prices and outputs in the
multiplé output.cdsf case is the required test for the
existence }of a consistent output aggregator (Fuss and
Waverman, 1978). Consequently, if the empirical reéults
confi;m separability pf outputs from ingut prices then one
can legitimately use the single aggLegate output
specification of the cost function. Second, global
homotheticity is a necessary . condition ) for. global
homogeneity. If the - prodgction technology 1is not

homothetic, then the imposed assumption of homogeneity

will result in a specification bias.

Given tﬁe production function is globally homothetic,
a production function is homogeneous of degree r if when
all inggts are multiplied by a scalar, t, then output

increases by a factor of tf. Subsequently for the dual

.

f
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cost function, Brown, Caves and Christensen (1979) have
shown that homogeneity of degree r of the proauction
function implies homogeneit& of degree 1l/r —of the cost

function such that:

/e = g(p, H(t'Y)) ‘ (10)

for the weak homotheticity and

t1/Tc = q(p) *H(tTY) o (11)
in the case of strong homotheticity.

Homogenéity of the proddction structure indicates
equa spacing of isoquants along a ray from the origin. A
homcyeneous in output cost function is homogeneous of

N

degree one in outputs if and only if r = 1 in the above

specification:” This implies as outputs expand by a given

proportion, cost increase by the same proportion.

In severai production studies, linear homogeneity of
the production structure and hence of the dual cost
function has been assumed. It is the procedure of this
thesis to test the production structure to determine if in
- fact it is homothetic, homogeneous, or the more restricted

linear homogeneous.
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2.3 Summary Measures and (..parative Statics in General

Once the parameters of th. moael have been estimated,
théh one can calculate or estimate several summary statics
which succinctly summarize the behavior of the industry.
One .can develop éertain gtatisticé such as 'various
elasticity measures conveniently in terms of the cost

function and its partial derivatives.

The Allen partial elastiéity of. substitution (AES)
measures the effect on relative factor quantities
resglging from a change in relative factor prices, holding
outpg; and other input prices constant ‘and allowing all
factor inputs to adjust. Uzawa (1962) has shown that the
. partial elasticity of substitution can be fepresentad in
terms of the dual cost function and 1its /partial

derivatives as:

AUES;. = C C;s / C;Cj

3 i3 i€y i3 =1,2, 3,..., n. | (12)

where

C represents the total cost function,

C; represents the first pértial derivative of C with

respect to the price of input X5

C. represents the first partial derivative of C with

respect to the price of input Xj,

Ci' represents the second partial derivative of C
with respect prices of inputs X3 and Xj.
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Uzawa (1962) proved the AES.. derived from the primal side

ij
is equivalent . to AUES; i3 derived from the dual cost
function in the case Wh?\f> the pnOductlon function is
homogeneous of degree one. Binswanger (1974b) showed the

two are equivalent regardless of the degree of homogeneity

on the production function.

The sign of any Allen-Uzawa partial elasticity of:
factor substitution allows one to classify factor inputs i

and jlin the following manner:

1. If AUES: > 0 then inputs i and Jj are
: substltutgs in production.
2. If AUES < 0 then 1nputs i and Jj are
complemengs in production.
3. If AUES; 0 then inputs i and J are
‘ 1ndepende3t. .

The partial cross price elasticities of factor
demands by definition measures the responsiveness_of the
demand for one:input as a result of a price change in
another input holding ouﬁput constant. The partial cross
price elasticity éf factor demands is convéntionally

defined as,

E, ©x;/8p5) " (B5/%5) i, 3 = 1,2, 3,000, n (13)

ij

and measures the responsiveness of the demand for the ith

input to a change in the price of the jth input.
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\ rl .
In ,terms of the cost function and 1it"s partial

derivatives, the partial cross price elasticity of factor
demands can be expressed as:

E..:(

ij PJ) / Cl i, j‘= 1, 2, 3,..., n. (14)

Cij

“

It has been shown that Ei' and AUESi- are related

] ]

by:38

Eij = AUESij.Sj i’ j = l, 2' 3,-.-, n. (15)
where:

AUESij is defined in (12),

S5 is the cost share of the input j defined by (4).

Therefore, the analyst can estimate either Eij or
AUESij and infer the other with the use of the appropriate

share equation or vice-versa. It is clear from (15), the'

sign of AUESij uniquely determines the sign of Eij since 0
< 8; <« 1. As a result, one can classify any pair of

factor inputs by the following:

1. E;u > 0 <==> AUES;; > 0 ==> i and j. are
sugstitutes,
2. E; < 0 <==> AUESij '< 0 ==> 1 and j are

‘ co%plements,

38

Allen (1938) originally showed (15) was true using
AES. ' ‘ :
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3. Ej = 0 == AUES:. = 0 ==> i and 3j are
Ld t
independent,

Similarly, the partial own price elasticity for the
jth factor demand measures the responsiveness of the jth
factor demand  to changes  in its own  price.

Conventionally, ‘the partial own price elasticity of factor

demand is expressed as:

Using the dual cost function and its partial
derivatives, the partial own price elasticity of the ith

input can be alternatively‘expressed as:

E.- = (C.- Pi)/ci i = l’ 2’ 3'-.-, n. (17)

11 11

The partial own price elasticity of_factor demands
will have a negative éign which 4indicates a downward
sloping to the right input demand curve. The magnitude of
the own price elasticity for any factor inpﬁt,alloWs one
to classify the input into one of the following -~
categoriés:

1. If E,. = 0, then the demand for the ith input
is pé?fectly inelastic.

2. If -1 < E; < 0, then the demand for the ith
input is reiatlvely inelastic.
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3. If E;. = -1, then the demand for the ith input

. 11 : .
'is unitary elastic.

4. If Ej; < -1, then the demand for the ith

input
is refatively elastic. :

5. If Ey; ---> - o0, then the demand for the i®P

11, . . T .
input is infinitely elastic.

The Allen—Uza;é partial elasticity of substitution
and the partialhcross price and own pricé& elasticities of
factor demands evaluate economic éhenomena holding output
cénstant. A measure which explicitly considers the effecf
on factor demands as a result bf a chaﬁge in output is
called the output elasticity of factor demand. The output
elasticity of factor demand éiy measures the
responsiveness of factor demands to a change in output.
In.the multiple output case, the output elasticity of the

ith factor demand calculated from the primal side'can be

expressed as:

i, 2, 3,..., n. (18)
—l’ 2I 3,-..,-111.

/

Biy = (&x; 80, - (ay/x) i

~
!

In terms of the dual cost function the output elasticity

of the ith factor demand can be expressed as:

=1, 2, 3,..., n. (19)
=1, 2, 3,..., m.

E

e
|

iy = Ciy Qy/Ci

<
[
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where: .
C; = SC/SPI |

Since Qy and Cy will be positive, the sign of the output
elasticity of factor demand depends on the sign.of Ciy'
One can classify each factor of production according to

the sign and magnitude of E; in one of the following .

Y
ways:39

1. If Ei > 1 then the ith

Y
2. If O <¢Eiy < 1 then the i
.th
3. If Eiy < 0 then the i

input is superior.

th input is normal.

input is inferior.40

A superior input by definition indicates as outputs
expands proportionately input use of a particular factor
of productiop increases by é greater proportion.
Alternatively, an inferior input reflects a decrease in
the proportion of use in the input given a proportional
increase in output. Finally, a normal input suggests as
. ith

output increases by a given proportion the use of the i

input increases by less than proportionally.

39Gould and Ferguson (1980), p. 167 use this terminology
but in ' reference to expenditure elasticity of factor
demands. '

40Lopez and Tung (1982) use Ej and the Eerminology of
superior, normal and inferior inpgks. ‘
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In gddition to the above elaéticities measures, one
can examine the production tradeoff in a multiple output:
technology_as represented by a transformation curve. vThe
marginal ragé of transformation of output y for output r
shows the ,number of units of y which must be given up in
order to produce an extra unit of output r. Employing a
cost function the marginal rate of tranformation of oqtput

y for output r can be expressed as: 41

MRT,. = (dC/8Q,)/8C/a,) (20)

2.4 Economies of Scale and Economies of Scope

"Recent literature examining a multiproduct cost

function have identified various effects on the cost

function as a result of a change in output (s) or the
) _ .

product mix. Given a multipl¢ input, multiple output cost

function, one can test for product-specific economies of

scale, overall economies of scale, and economies of

Q—~ Fo

[ S22
&

4J‘See Darrough and Heineke (1978) and Denny and Pinto
(1978) who estimated the marginal rate of product.
. transformation. .
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scope.42 This analysis can be readily adapted to examine
the cost/output effects in an industry such as

agriculture.

Given a multiproduct coét function, product-specific
gscale economies examine héw costs change as the output of
one product changes holding the level of ther outputs
fixed.43 Supéése the multi-output cost function is. given
by the hypersurface as in Figure 1. The vertical axis C
repfesents total costs. Axis labelled Qy and Q.
represents output levels of product y and product ‘r,
respectively. = It then follows, anyb point on the
hypersdrfaqe ODF represents the total cost of prqducing a
particular combination of Qy and Qr' As an example, the
cost of producihg Qy" and Qr" together is repreéented by
the fveftical distance NM. Product-specific scale

economies for Q analyzes the responsiveness of costs
~ .

Y
along AM as QY is increased holding Q. constant at Q.".
Similarily, product-specific scale economies for Qp

measures the responsiveness of costs along BM as Q. is

increased holding Qy constant at Qy".

: 42For an excellent .survey see Bailey and Friedlander
(1982). In addition, see Baumol, Panzer and .Willig
(1982), Fuss and Waverman (1978), Gillen and Oum (1983),
Nadiri (1982), and Panzer and Willig (1977, 1981). '

43gailey and Friedlander (1982), p. 1030.
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Figure 1

39




40

Global product-specific economies of scale for Qy
measures - the responsiveness of cost as QY is increased
along AM from A where Qy = 0 to M where Qy = Qy". Baumol,

Panzer and Willig (1982) défine the degree of

product-specific economies of scale for the rtP product in
the two product case as:%4
S
SEy = ICr/QrCr , (/ " f . (21)

where

A

IC, = C(Qy, Q) - C(Qys 0)
¢, =8¢/,

1

Acéording to Baumol, Panzer and Willig 282) Iér is
the incremental cost of the product r which by definition
shows the addition in total costs as a result of proégding
all products together compared to producing all products
excluding r. Furthermore, ICr/Qr is defined as _the average
incremental cost of the rth product and C, is the marginal
cost of producing r. Therefore, the degre? of
product-specific economies of .scale is thé average
incremental cost of productlr divided by the'mArginal.cost

of r.45 ‘ >

44The literature on scale and.scope typically suppresses
the input price vector for expostional simplicity. The
notatiom used in this section follows this approach.

45566 Baumol, Panzer and Willig (1982), p. 68.

N
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A local measure of product-specific economies of.
scale can be represent by the output cost elasticity of

th

the r product defined by:

Sin c/B1n o, = (9,/C " (dc/do,) (22)

However, Fuss and Waverman (1978) have shown that the use
of the local measure of product-specific economies may
lead to a conflict with the overall returns to scale

definition.

QVGI&L¥ scale economies measures the responsiveness
of coéts as a result of a change in all outputs. More
specifically, ray overall economies Qf scale measures tﬁe
responsiveness of costs as a result of expanding all
outputs by an equal prqportion‘along a ray from tﬁe origin
such that ﬁhe output mix is assumed to be constant (Bailey

|
T

and Friedlaender, 1982).

In Figure 2, the éxpansion,of“outputs occurs along
;he ray OR such ¢that thé compositonvéf Qutﬁut Qy/Qr ié
constant. Overall scale = ecaonomies measures the
responsivenes§ of costs 'élong OM as- output is éhanged

along OR.

A global test Ffor overall economies of scale would

examine the change in costs measured along OM:as a result
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Figure 2
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(?yof output expanding along the ray from O to R. The global
test for overall economies of scale was discussed in the

section discussing the structure of the production

technology.

.

Local overall economies of scale examines' the
responsiveness of costs as a result of expanding the
oﬁtput bundle by relatively swall amohnfs in the
neighborhood of some arbitrary point assuming the output

mix is unchanged and may be'measu:ed by :

Es = (Yéinc /8 o)™t vy =1, 2, 3,..., m(23)
. .

One can determine whether the agriculture industry is
<

an overall increasing, decreasing or constant cost
industry by examining overall economies of scale in the

Ofollowing manner :

1. If ES > 1, then overall economies of scale
exists which reflects an overall decreasing
cost industry.

2. If ES < 1, then overall diseconomies of scale
exists which reflects an overall increasing
cost industry.

-

B Iy .
3. If ES =1, t en there 1s neither economies nor
diseconomies of scale which reflects a constant
cost industry. >

By definition, product-specific scale economies

measures the responsiveness of costs as a result of
=3 '
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increasing one output while holding the level of all other
. outputs rconstant. This necessarily implies the measures
reflects an nonoptimal change in the output mix such that

the output ratio, Qy/Qr' is changing.

A new concept and measure has been developed to
analyze the effects of a change in the output mix on total
costs. Economies of scope.compares the cost of producing
a number of prbducts jointly as bpposed to thebcost of
producing them_separateiy. In the two product case, there
are economies of scope when its less costly éo‘proauce two
pfoducts together than produce the two products_separately_
(Panzer and Willig, 1981). In Figure 1, eqonomies of
scope exist iflthe cost of producing QY" and Qr" jointiy
measured by the vertical distance NM is less than the cost
of{producing Qy" measured by the vertical distance QY"B
_plus the cost :of prodhcing Q" measured by Qr"A(

separately. ‘ 1 y

i

P

Following Panzer and Willig (1981) ,46 global ©

economies of scope is said to exist in the two product

~

case when following condition holds:

C(Qy,Qp) < C(Qy,0) +.C(0,Q) - (24)

467150 see Baumol, Panzer and Willig (1982), Bailey and
Friedlaender (1982), and Nadiri (1982).

S
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G)
Baumol, Panzer and Willig (1982) define the degree of

economies of scope in the two product case as:

SCOPE = (C(QY,0)+C(0,Q£)-C(Qy,Qr))/C(Qy,Qr) (25)

If SCOPE < 0, then there are economies of scope.which
means there is a cost saving from producing the prodgcts
jointly. If SCOPE > 0, then there are no economies of
‘scope whicﬁ indicates there are additional costs from
joint production. . Finally, if SCOPE = 0, then there are
no additional costs or‘cost savings associated with joiﬁt

production.

A test for the existence of local economies of scope
involves the notion of cost complementarities. According
to Baumpl( Panzer and Willig (1982) a twice differentiable
multiprodpct cost function exhibits .’weak cost

complementarities if:47

$2c (@) da de, < 0 - (26)

4736e  Baumol, Panzer and Willig (1982), p. 75,
Definition 4B3.
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Weak cost complementarities are a sufficient condition for

economies of scope.48

One would expect at the micro level, there may exist
economies of scope for mixed farming operations since the
production of say livestock ‘and feed wuse sharable

49 However, at the aggregate level given the

inputs.
diverse nature of aggregated 6utputs, one would expect the
existence of economies of scope for Canadian agriculture

to be highly unlikely.

2.5 Functional Specification

Given the results of section 2.1, it is clear that
under certain circumstances, the .economist may employ
eitﬁer the cost function or - production function to
equivalently and alternatively describe the technology of
the firm. However, regardless sf which approach 1is
utilized, the econometrician, in order to empirically

implement the analysis, must specify -an explicit

parametric functional form for either of .the
48Baumol, Panzer and Willig (1982), p. 74, Proposition
4B1.
4.9Baumol, Panzer and Willig (1982) point out that the.

joint use of a factor of production to produce several
products (sharable inputs) will lead to economies of
scope. -
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50,51

" aforementioned functions. The purpose of this section

is to provide. a brief discussion of functional

specification.

The choice of an explicit parametric specificatibn
should be guided by the "true"™ underlying production
technology inferred from observation and economic theory.
Ideally, the analyst would like econbmic theory and a set
of data to determine the correct épecification of the
mathematical estimated form. The employment of this
correct specification in conjunction with another set of
data drawn from the same population would then be used for

ti.. estimation of the parameters »O>f this specification.52

Consequently, a series of summary measures would then be

calculated or estimated supplemented by a sequence of

50Non-parametric approaches to the study of production
have recieved some attention in economics. However, these

methods have been exploited less systematically vis- a—v1s_ﬂ

\

parametric specification.
\

51Alternatlvely, one may specify a functional form fon

the derived input demand equations or various elasticity"

measures and then integrate to determine the specification \

of the production function or cost function.

SzTheil (1978) , p. 273 states,

"When the observations are plentiful, a sensible
approach is to divide them into three parts. One
set of observations should be used for the
specification of the mathematical form of the
relation. The second set should be used for the
estimation of the parameters of - this
specification, and the third for predictions based
on thce estimated equation to verify whether the
specification selected is acceptable."

N\

\,
N,

\
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: _ -
hypothesis testing. Thereforé? the parameter estimates,
the summary measures and the hypothesis testing would be
generated by the set of observations and the true

specification.

Unfortunaﬁely, problems with "impure"™ and 1limited
data introduces elements of functional >obscurity and
ambigquity. Furthermore, economic theofy gives 1little
guidance with respect to "a choice of an approbriate
specification. Theory, typically, suggests general causal
relétionships‘such as in the present context that the cost
function is a function of inpﬁt prices and 1levels of

“output. However, theory does not indicate whether the
function is linear, logarithmic, multiplicatitive,
quadratic, polynomial or a more complicated mixed form.

Dhyrmes et al. (1972) has stated: \

"Economic theory gives preciously few clues
as to the functional forms appropriate to the
specification of economic relationships, and the
presence of random error terms in stochastically
specified equations adds an additional element of
functional ambiguity."”

Accordingly, economists denerally have either
arbitrarily specified, a priori, an explicit functional
form and treated this specification as a maintained

(untested) hypothesis, or have utilized various

statistical techniques to discriminate between alternate
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model specifications.53 A cursory examination of the
empirical literature indicates the former approach has

been more offffen employed than the latter.

In this case, the maintained hypothesié of an ad hoc
functional specification, in‘part; influences, conditions
‘and predetermines the parameter estimates and hence the
'summary measures. If the ad hoc speéification is
inconsistent with' the true underlying functién, then a
sbecification error would have been introduced and the
analysis and the subsequent policy recommendations’
formulated by the numerical estimates may be misleading.

Kmenta (1971) has tersely stated:54

", ..by relying on the assumptions contained
in the maintained hypotheses, we get results that
are strictly conditional on these assumptions and
do not hold without them. This elementary fact

'seems to be frequently forgotten in applied
econometric research.”

Moreover, specific hypothesis testing in empirical
analysis depends on the validity of both the maintained

hypothesis and' the hypothesis under examination. Fuss,

53gee Theil (1971, 1978) for a summary of model
discrimination techniques. : .

54See Kmenta (1971), p. 136.

s



50

McFadden, and Mundlak (1978) states:>>

: "...a test performed in the presence of an
implausible maintained hypothesis may not be
convincing, the results may be a consequence of
the wvalidity of the maintained hypotheses rather
than of the primary hypothesis in which one is
interested.”

In light of these arguments, particular attention
must be allocated to ' the choice of a function

specification. 1In order to circumvent problems associated

-

with t?e arbitrary specification of a specific functional

form, the analyst seeking "proper" parameter estimates may

use methods to:
" 1l. discriminate among - alternative feasible
specifications which are non-nested,

2. discriminate among models which are nested in
some generalized form or

3. approximate the "true" unknown function.
|
Recent 1literature seeking to analyze production
technologies via the use of the primal or dual approach

have pobularly used either approximating analysis or the

56

generalized form approach. In general both techniques

55Fuss, McFadden, and Mundlak (l978),zp. 223.

56Approximating analysis and the dgeneralized form
approach has also been used in terms of the theory of
demand and the consumer.
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use fewer maintained hypothesis than previous production
studies and allowed for "flexibility" in modeling

technology.

2.6 Flexible Functional Forms

A functional férm characterized by flexibility may be

defined as - a parametric representation of a function

which:

1. does not, a priori, constrain the parameter
estimates and therefore the various summary
measures beyond the confines imposed by
neoclassical theory,

2. allows certain structural hypothesis such ‘as
separability for example to be testable rather
than constituting them as a- part of the
maintained hypothesis,

3. expands the set of feasible alternative
descriptions of technology which is possibly

consistent with the true underlying
specification. '

The characteristic of flexibility allows one to
minimize the number of explicit and implicit maintained

‘hyp0theses in comparison to the number that were

heretofore necessary. Two common methods of deriving
functional forms which possess the flexibility
characteristic are approximating: analysis and

generalization of form. These two methods of generating
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flexible characteristics need not be mutually exclusive.

An app oximating form may be viewed as a parametric
approximation of an arbitrary or true‘fupction where in
fact the true function is unknéwn. The most popular type
of approximation is the aéprbximation of the second order.
However, Lau (1974) has identified at least two different

definitions of an second order approximation.

Following Lau (1974), suppose F(X) is the true
specification of some production technology then 2(X) is a
second order differential approximation if the.image of
Z(X) and its first and secohd order derivatives evaluaﬁed
at a point such as X, is equal td the image, and the first
and second ordé;' derivatives ofr the function being
approximated. Contrarily, Z(X) is a second ordér
numerical appfoximation to F(X) if Z{(X) = F(X) evaluated
at a point‘suchAas X9 and for deviations of X from X,

where the deviations between the approximating and true

function is bounded by higher ordef terms.

These approximating functions have been referred to
as flexible functionai forms. A Taylor series eﬁpansion of
the second order at an arbitrary evaluation point is a
second order differential approximation. The quadratic,
generalized Leontief (Diewert,1971), generalized quadratic
of the mean order r'(Denhy, 1974), the translog function

(Christensen, Jorgenson and Lau, 1973) , and the

Py
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generalized Box-Cox (Berndt and Khaled; 1979)‘are exa »Hles
of flexible functional forms having the Taylor series
" interpretation . The generalized Cobb-Douglas (Diewert,
1973) and the mean order of two (Diewert, 1974a) are
flexible functional forms which do not have the .Tay”c:
series interpretation. The former approach to functional

, o,
specification has been much more popular than the latter.

If one uses a flexible functional form with the
Taylor se= .es interpretation then the properties of the
true function which ére préserved only hold at the point
of approximation or evaluation. Nonetheless, the use of
kalexible functional forms alléws ohe to test particular
hypotheses which were ©previously maintained such as

separability.

Alternatively, the analyst can expand the feasible
set of alternative 'functibnal specificatiohs ;nd
incorporate the‘characte;istic of flexibility by utilizing
generalized forms. ..\ generalized\form is a parametric
specificaﬁion(of some given form such th;t the generalized
form contains the given.form as a subset. Suppose F(X) 1is
some given form, then G(F(X)) is a generalized form such

that, depending on the values of the parameters in

G(F(X)), it will collapse into F(X).

Generalized forms can be derived by numerous,methd&s'

such as the introduction of additional parameters or the
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transformation of variables. As an example, suppose one
is given a Cobb-Douylas form of a production function with
a single output y and inputs labor (L) and capital (K)

such as:

vy = aralgak | (21
or
‘lny = a + allnL + akan

1

One can generalized the Cobb-Douglas.form of (27) to:27

-

a. the CES production ,function of the form as:

yr=_A{alL_B + (1 - al)K‘B}’l/B

A

b. the transcendental production function of the form:

ln y = a + aylnL + akan + al‘L + ak’K

c¢. the Zellner-Revankar production function of the form:

Iny +cy =a + allnL + ap1lnk

"d. the Nerlove-Ringstad production function of the form:

(1l + ¢clny)lny = a + allnL + akan

e. the translog production function of the form:

lny = a + allnL + akan + alklnLan

57see 1Intriligator (1978) and Nadiri (1982) for a
similar listing. . )
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1 k
f. generalizations of the CES function such as the VES

g. generalizations of the translog such as the hybrid
translog :

h. the classical Box—Cox‘produdtion function where only -
the dependent variables are transformed *o
T '

i. the Box-Tidwell production function where only the
independent variables are transformed

j. the extended Box-Cox production functiofi where all
variables are transformed by the same power

N

h. the generalized Box-Cox production function where
all variables are transformed by different powers.

Depending'on the partidular values of the above functions

the Cobb-Douglas may be obtained.

One can clearly observe thé.translog function and the
generalized  Box-Cox may be viewed as either an
approximating function or a genéralized function. If the
translog function is treated as an approximating fﬁnction
then the parameter estimates ébtained oply‘hold at 'the
‘ point df evalgation. f Fur thermore, valid hypothesis
testing can only be done at the ;oint of evaluation.
Questions arise as to what characteristics of the true
function are_capturéd by the approximating functi;h oﬁher‘
‘than the preservatioq}of the equality of the image, the

first and second order derivatives at the point of
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approximation.

If one treats the translog function as a gehera&fzéd
function then the analyst 1is treating the translog
specification as an exact »function such that the true
-underlying = structure is. in fact translog; ‘ éhis
interpretation may lead to a specification error

\\ particularly if'the level of generalization is félatively

low.

The distinction between the approximatiné and exéét
interpretation of a.functional form such as the translog.
is impbrtant ‘since the approximation to a .separable
function need not be separable.58 Several studies have
typically used a flexible functional form statin§ .its
vviftues as a SeCOnd‘ ordgr approximétion to an. twice
aifferentiable arbitrary function and then freéted the

function as an exact one.employing it as a geheralized .
| 60 |

-

funct;ion.59 Guilkey and Lovell (1978) have sStated:

-~

"...these forms have been used to represent
preferences and technology in two different ways.

v

585¢e Blackorby, Primont and Russell (1978), p. 297.

591pia.

.

60por others who make the distinctic. between exact and
approximating functions |see Burgess (1975) , Blackorby,
Primont and Russell (1974), Denny and Fuss (1977), and Lau
(1974) for example. : o
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One approach ...treats these forms as second order

local approximations to arbitrary twice
~differentiable functions that themselves
- tepresents preferences or technology. . +.the

alternative approach of treating flexible forms as
exact  representations of the . structure of
preferences or technology."

1y
[

In order to be consisteht, the analyst should treat
whatever functional form that is Aemployed as either -an
‘approximatihg or exact form. However, if one is concerned

with the global properties of a production technology,

o . ,
RRC7EN S
‘ P

form as an approximating form. . .Sineé the author is

then tq? analyst should #at usgﬁ%ﬁe flexible functional

~'i‘r'ite-‘fes'ted‘infj_both the global and iéégiT?ropert{es of the
prodﬁction technology, the perspecti?thf -this thesis will
. ; ~. ’

be_ to view ‘whateiier functional form is employed as an

‘appnogimating function in most cases and as an exact

function' when global tésts are conducted. Moreover, in-

oraer to avoid confusion on the part of the reader, it

will . be clearly stated what interpretation of the

functional form is being used S

I3
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CHAPTER III: THE MODEL

This chapter develops the specific model which will &
be used to estimate the production technology of Canadian
agriculture. Section 3.1 introduces the the nonhomothetic

joint multiple output, multiple input trénslog cost

.function. The cost share and reyenue share equations are

, ok

also presented. L
Section 3.2 develops -‘several ‘alternative sets of
hypotheses which will be wused to test the ' global

&

properties of the production structure of Canadian

agriculture. Restrictions for two types of global

homotheticity, three glternétive versions of homogeneity
and 'four alternative specifications of global linear

homogeneity are presented. ‘ . \
- “ ' ‘ | . " )
The functional form of the various elasticities are

presented in Section 3.3. Given the multiproduct trgnsiog

cost function, theﬁformulae for the Allen-Uzawa.partial
elasticity of factpé’subStituéﬁon, the partial crossggficefjaf
and own price elasticities of factor demands,féﬁé fTW4LfM
- : : AT N S
elaéticitiesfof factor demands and the marginaifgg;é‘df

Lo e
KL

product transformation are presented.

BT D

Finally, section 3.4 pr&s :s the tests and measures- -

<

S
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for overall economies of scale and economies of scope,
given the translog multiple input, multiple output cost

function.

3.1 The Multiplé Input, Multiple Output Translog Cost

Function

In order to empirically implement the analysis of the
preceding chaptef, ong)requires a functionai specification
of the cost function. The functional form should be
sufficiently flexible to allow the anaiyst to test vari?us
hypotheses econometriéally without imboSing unduly

necessary restriction upon the structure of the productic~

technology in question.

Treating the funciional specification of the cost
function as a second order Taylor series expansion, the;
muliiple input, multiple ogtput agﬁiculture cost function
may be written in the translog form. It is assumed the

eastern and western Canadian agriculture sectors can be

représented by -=2gional muitiple output, multiple :Iaput
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cost function of the translog formgi_as:

In C(p,¥) = ag + La; In P + 1/2Z§;b.. In P; 1nP,
qu n Q, + 1/2{2qur In Q, 1n Q

+£quy In P; 1n Q e (1)
where: |
iy 3=l 2. n. . ,
v, r =1, 2,..., Mm.

The imposition of symmetry requires:

for all i and j, i # J

o

]
o
i

for all r and v, vy # r

Homogeneity of degree one in input priées and
symmetry ' requires the following within equation

restrictions on (1):

Ya; =1 . i, 9 =1, 2,..0, 0.

.pij =by; = 0 and i # j

fbiy =0 y_?fl;-Z,n”, m.
i»;},

o Wm
6lAn alternative formulatloﬁ ‘of the cost function is of
the hybrid translog forﬁmwﬁbre the output variables are
transformed by the Box-Cox metric. Although this
specification has become widely used, particularly in the
regulation literature, it could not be employed in the
- present study due to the much- hlgﬁér cost of the

.-estlmatlon, the lack of an adequate’ le Siie, and the
unavailability of a subroutine. in thég m% program to
)é rlabies are

transform each variable 'separately when &h
mult;pllcatlve. :
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Partially d:-fferentiating 1ln C(P,Y) with respect to.

1n Py and invoking Shepard”s lemma yields the cost share

Yequations of the translog cost function represented by:

s; =&ln c(p,Y)/&1n P,
=aj +}byy In Py +3 g5, InQ, (2
i )
where:
i, J = l; 2,..., n.

Since the cost function is homogeneous of degree one

in input prices, then each cost share equation must be

homogeneous of degree zero in input prices which imply the

following within equation restriction:

Z:bij =0 i, 3 =1, 2,..., n.
J -

Furthermore, since the cost shares must sum to one the

following across the equation -restrictions are imposed on

the n cost share equations:62

;ai=1 » i

62Alternatively, these across the equation restrictions
are a result of linear homogeneity in input prices of the
cost function . .and the across equation equality of
parameters in the cost function and the share equations.

)

ey
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Zbij = 0 i’ j = 1’ 2,-.., n.

IZ.giy = 0 Y = l,.' 2,..., m.

Assuming cost minimization and marginal cost pricing,
partially differentiating ln C(P,Y) with respect to 1n Qy

yields the revenue share equation of the form:

d1n C/§1in Q

’Qy +gqyr ln Q, +§:giy In P, (3)

Ry

where:
i=l’ 2,--., n.

y, r =1, 2,¢0., m.

Since the industry is not constrained to =zero
economic profits, the revenue share equations are not
constrained to sum to one. However, ‘since the qggéﬁ"
function is’hbmogeneous of dégfee one in input prices,
this 1implies the revenue share equations have the

fdllowing within the equation restriction:
g. =0 . i=l’ 2,.-., ne.

The system of'équations (1), (2) and (3) 'with the

63

appropriate set of independent restrictions constitute

T

63Not all of the above restrictions are independent.
The appropriate set of independent restrictions is fully
specified in the next chapter.
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the full cost system.

3.2 Restrictions for Alternative Structure

~

Given the nonhomothetic joint cost structure of the
translog form given by equation (1), various alternative
structures of the Prbduétiqn technology. can be tested by
examining certain parameter restrictions of the cost

function.

The translog dual multiproduct cost function (1)
| 64

(o}
represents a weakly homothetic production function if:

Ar9iy = 9y9ir

where:
i=1, 2, 3,..., n.

v, r =1, 2, 3,..., m. vy #'r

holds. This suggests input prices in the é@St function

Ny

are weakly separable from output levels. Denny and May
(1978b)  have shown that the.simultaneous. imposition of
weak homotheticity of the production structure and linear

homogeneity in input prices of the cost. function

necessarily imply a strongly. homothetic production

645ee Denny and Pinto (1978), p. 256.
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structure. As a result, the weakly homothetic case is not
/
. /
independently tested in the empirical section.65

However, it is well known that every cost function
which is homogeneous in output levels must always be

homothetic. The translog cost function is homogeneous of

degree {,qy in outputs if the following' réstrictions

qur=0 B ' v, r =1, 2,..., m.

] Zgiy = 0 ' i = l’ 2"00-’ n.

If the above holds, the production structure must be
homothetic. Furthermore, the production structure is
homogeneous of degree one if the translog cost function

satisfies the following restrictions:67

quyr = 0 y’ r = ll 2'0.00’ M.
&;iy = 0 i = l, 2,..-,v n.
qy = 1 _ Ny

.t

‘The pfoduction fuection is said to be strongly

651+ is unclear if Denny and May (1978b) are correct.
Regardless, the Shazam program exmployed in estimation
cannot handle nonlinear restrictions.

GGBrown, Caves and-Christeﬁsen (1979), p. 259.

67Ibid.
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homothetic if the cost'function is a strongly separable
function of input prices and output levels (Denny and
Fuss, 1977). For the translog form of the cost function,
the technology .is said to be strongly homothetic if the

- following restriction holds:68

=0 i=1, 2,...,n.

\ y = 1, 2,...,m.

_ Moreover, the cost function is strongly homothetic and

weak ly homogeneous if:69

]
o
~

1}
H
-
N
-
.
.
.
~
.3
.

qurv=0 . y,,r:l’ 2,...,m.
A ¢ -

st at
Py
£

holds. 1In addition, the translog cost function is linear
homogeneous . in outputs if the following restrictiong agpe

satisfied:

g.iy = 0 i = l, 2,...,1’1.
Z’qyr = 0 er = 1' 2'-.-, me.

{
\

685rown, Caves and Christensen (1979), p. 259 and Gillen
and Oum (1983). : '

69Since there exists at least two tYpes of
homotheticity, then there exists several types of
homogeneity. :

)

hY
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Alternatively, given the fact the translog  function
teéts empirically to be strongly' homotheticﬂ one. ca%
identify an alternative set of restrictions which is
gufficient for a homogeneou§ translog function. The

Eranslog cost function represents a stronély homothetic

and strongly homogeneous production structure if:

giy = 0 i = l' 2,-..,“-1
qyr = 0 ‘ Y, r = l’ 2,..., m.
holds.
Furthermore, the translog cost function is

homogeneous - of degree one in outputs when the

restrictions:

giy = 0 i = 1, 2,..»-.,!’1.
qyr = 0 ‘ Y’ r = 1, 2,1-,., m,
Yay =1

Y .

are satisfied. : .

The Cobb-Douglas cost function i

vfﬁé subset of the
tfanslog cost function. The Cobb—Douglés cost function is
strongl§ homothetic and strongly homogeneous. The
translog function ié"log—linear if the following set of

restrictions hold:70

>

70See Gillgn-and Oum (1983).
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9iy =0 Ry
Gyy = 0 ' y, r =1, 2,..., m.
bij = 0 . ) i' j = l’ 2,..-’ n.

Consequently, the translog cost function will approximate

the linear homogeneous Cobb-Douglas cost function if:

Jiy = 0

QQI =0 y, r =1, 2,..., m.

bys =0 i, 5 =1, 2,..., n.
=1

d
Zay

Clearly one can observe all the global linear
homogeneify tests are ﬁéstéﬁ within ﬁhe global"homogeneity
tests and the homotheti&itf tésts. Figure 3 presents a
summary,of the structure of tests to be‘c@nducted on the

translog cost function to determine the empirically

-validity-of global homotheticity, homogeneity and linear -

homogeneity for Canadian agriculture.

Moreover, since there exists a large number of

alternative restrictions to be statistically tested, a

~—summary of the restrictions for global homotheticity,

homogeneity and linear homogeneity is provided in Figure
4. All of restrictions specified in Figure 4 will be

empirically tested in the next chapter.

A

'
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3.3 Functional Forms of the Summary Measures

Once alternative structures of the production
technology have been tested, the parameter estimates

employed “will originate from the empirically validated

model. These parameter estimates in conjunction with the
fitted cost function, cost share equations, and revenue . -
share equations will be utilized to derive parametric

values of the summary measures discussed in Section 2.3..

\

\
w

Berndt and Wood (1975) and Binswanger (1974b) have
. shown - that the Allen-Uzawa partial elasticity' of

-substitution between factor i and_j‘ given the translog

cost function can,be written as:
. [

J

AUES; 3 = (bij/sisj) + 1 for all i # j | (4)

'

' ew? ey e g . |

W
_ . o~ |
The value of AUES depends upon the values of the.
. P v . : . ,

" fitted cost shares and as a result vary with relative .
changes in .he cost shares. One can test alternative

structure of ihe cost function by examining AUESij since

e

for the uobb—Douglas'AUESij = 1, the Leontief AUESiﬁ =0
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Y

and fol the CES form all AUESij are equal,'71 Do
.The translog cost function"jields .the‘ followlng

formula for - the, part1a1 droés "price and own

N .

elast1c1t1es of factor demands (Berndt and Wood 1975x}

.

t
1

! )
E;; = (byy e (7)

T ? ] . o :

. e A

N e

a v‘\"-

R 3
Tt 8

Using the résultsﬁ 56f' ‘tne Ali@n—U%awa_=_panbialf¥ij

elaéticities of substitbtion. of (4) and;SLSI;fiénefféan“
calculate the cross and own prlce elastzc1ties of fadgbf n

‘ . ‘ ¢ :'2‘," o ‘ . %{ )w
demands for the translog cost gunctlon by: +

ij = Sj'AUESij"Lh : | :ﬁorjall i #ZJ f’ : ;Kﬁ)T

e}
|

&)
|

B "(‘,0.‘ pl -
§7 g
The output_eiasticity3ofdfactqr'déﬁands défivedlf:bm
71 g s SR S L
“See Den y and May‘(d978b) p. 311. T 2

72Thls relatlonshlp was shown orglﬁally betweeﬁ AES and

E byﬂAllen (1938) .~ e \ .
L e
¥ P‘E“fi}y‘ .



- the marglnal rate of transformatlon of product y for’
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72
.73

the translog cost function .can be‘expressed/as

f

, h o . .

Ejy = <91y/51> + ny .for all y, i (10)
S ' . ‘

Ityshould be ndted'ifﬁthe-cost function is strongly:

separable in- 1nput prlces from outputs such ‘that gly = 0,

: then the output elastlcltles of factor demands depends on

“

ﬁthe level of outputs only rand is 1ndependent of factox
: - ' ' I

< @

o ’ e

input prices. o S iy

The marginal cost of producing y} glven the translog,

'\fx‘-

~cost function, can be expressed as (Darrough and Helneke,

o)

1978) : T R ' .
. T . L o “Al"' 7 G '
By { SO . ) ; " S . s 2}
. : ot -
' ' w '“ 2o LK

T

Y
’ ) kS S
- where: - : e W
. : . . , LA ’ k)
1 = l, 2, 3,..-’ n.
_ ) ."E‘_;.‘.«'u'
Y’r - l, 2' 3' LI J b T

- Finally, for the translog guftipreduct cost function}

BT
o Wy

X

. product r-can. be determlned by the expre551on suggesté% by

wa

Darrough and Helneke (1978) wrltten as:-

73See Appendix- B for “the derivation of 'this finalfform.

.MC =.\(.q'y»"+‘zr:qyr, In Qr_-+§‘;giy 1n P, )(G/Q 7 ALLR

Tt
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for positive output vectors where an element, say ny-is
' 'set. to zero. The translog cost function is: not well

", is undefined. As-a result, tests foruzglobal economies of
3 ) © e . i __.:\t,.,\.' e . - .

-

S T
: .ndfﬁdégduct
TR

73
/
: MRT}ér = MC,/MC,.
e (@, +Ydyy In Qy +¥9ir ln Pj)Qy C(12)
j = Y . ] .
L @Gy, T o Tyan WG
L r ' L -
\) 5

where:-.

i=1, 2, 3,..., n. and y # r.

All of the summary measures presented in this section
" Ny o . .
will be estimated using the parameter estimates ,and the
i - "';? oo ) . . B
fitted cost, cost share -and revenue data.

/
-

3.4 Economies of Scale and Economies of Scopé

IR

e
b

The use
- e Ce g

‘ : IR o >
. results in limitations with respect to particular tests of

economies of scale and economies of“stopg. The tests and

. s

measures developed in the previous chapter for global

7

. : N ‘:.l ‘ - .‘ 3 " 3 )
economies- of scope and global product-specific economies
. . ! , N ..

-

of scale require thg cost function to be;clearly defined
. : - ’

~defined fot,jzero ogtputilevels,sinCekfhe logarithm of zero

n

scope and global. productzspecific economies- of scale are
P i O i . . * N - ¢
: ‘.\.-" . ‘ T ] . ' o o '
ed. ..o

ST

.k ¥,

Lor
i ” .
. S 1y
.
W‘Pb» ’ L !
pOA LN s .
[ N

ofVtﬁe'transldg‘multiproduct cost functé?ﬁi-’

5
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[ ¢
a

\Cavesfohristensen and Tretheway (1950) suggest the

use of the generalizeé translog cost function, where the
,.outpct variables arewtransformed by a Box-Cox metric,74 to
test for global economies of scope and. product- spec1f1c
economles‘of scale. Glllen and Oum (1983) p01nt out, even
though technically the generalized translog cost functlon
n- be used, the <calculations _o; the above meacs'-es
requires extrapolation of the estimated cost function well
beyond  the range of observed data which may. led to
questionable empirical conclusions. As a result, Gillen

_and oum (l98§%¥conduct tests for economies of scope which

N _are local in nature.

‘In ‘the previous chapter}»iit was sﬁited' that cost
*complementarlty or jointness . was a suff1c1ent condltlon

for local economies of scope. The test statlstlc for cost

[Ny 5

‘complementarity in the multlproduct Lranslog cost modelw
: ' , : Tl . i
can be written as:’° [ P )

cCyr - _C*|6inc din C
- Qer 61[“ QY Sln_ QI_'

N :.,

a : . . Vol
which in“the two product case becomes

v , -
. #:_s74The- Boerok  traﬁsformation of oﬁtputl Qy,‘is- (Qy ‘=
; ‘ ‘Qf?SeG'Fuss and Waverman (1978), KlSS, Karabadjlan,fand
- ri_fﬁq¥re (1981) and Glllen and Oum (1983) : :
V.I:_:%) o i '., ° -t o ¥

2
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CCyr = _C _ (lay +}:',:qu 1n g + E?iy‘ln P.]
: Y ;

+ qyr) . -i'.=. 1'~;‘ 2,.-1-, n.

or substituting the definition of revenue shares the above

t
Lo

" .
can be written as:

=~

CCyr . = C (RY'Rr + qyr) ‘ vy #r
Qer

Since the value of CCyy depends on' the data, it "has

Ay G ' C
been common - to sc§§e the data at a particular point to

calculate a value of CCy independent of the data (Fuss

and Waverman (TB?S), Kiss, Karabadjlan, and Lefebvre
(1981) and Gillen and Oum (1983)). At the point of
expansion after the data has been scaled:Such that QY =P

N . o Ly
= 1, then the testtétatistic for jointhess becomes: |

i

CCyp = Ayd, *+ dyr - (16)

o

If CCyr < 0 - holds, then there . exists' cost
P . %‘)-‘ [ ,Jv . 19 e . 4 “
\\,/Complementarity or jointness in production which implies

the existence of local economies of scope.

v

In essence, there are two methods for determlnlng the

- existence of cost complementa;nty and hence logal

~

"t ecoﬁbmieiaof scope. Fi;st,-oheﬁ&@n check the sign of

. ,/1'.4'” A EeN - - "‘-"Fv- . ) N .
. . - s - . ’ - !,%3 - <
o STy B X - s K .
R - - . . 8 . .
¢

(15)- .«




5]
R4
ce .

RN

interval around the right hand side of (16) to see if CC

76

(13), (14), (1% or (15) at all data points (Gillen and
Oum, 1983). If the sign of CCyr is negative at all data

points, then that is sufficient for the existence of

v’"

economies of scope. Alternative, u51ng (16) , one can test

for the null hypothesis of no cost complementarity by .

setting CC,, to zero at the expansion. If this null
hybothesis is rejected and if the alternative'dsjtrue then
| | 76

there are local economies of scope.

'’ In addition to a measure for economies of scope using
the translog multiproduct cost function, one can calculate

a measure for local overall economies of scale. There

"exist two methods -by. which l&%al overall economies of

scale can be tested. The first measure involves

calculating the .inverse of the' sum of the . cost

e "

elasticities with respect to»aé‘puts. Given'“the translog

multiproduct cost function, a measure of local overall

economies of scale can be expressed as:’7

(Ltay +Layr 1n o +Tasy In P} (17)

76There are  two methods associated with testing (16) .
Fuss and . Waverman (1978) scale the data and.use:the twice
the logarithm of the 1likelihood ratio. test while Kiss,
Karabadjian "and Lefebvre (1981) construct a confidence

= 0 falls w1th1n the confidence 1nterval.

77306 Bailey and Friedlaender 01982)., ‘

oY)

.
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An alternative method to determine the ~degree of -

[0

local overall economies of scale involves scaling the data

at the point of approximation such that P; = Q, = 1 and

Y
hence (17) reduces to: '8 u )
_ -1 ‘ |
ES = (gqy) | (18)

’

If ES > 1 then there is local overall economies of
scale. Alternatively, if ES < 1 then there exist local
overall diseconomies of scale. Finally, 1f ES = 1 then

there is no local overall economies or diseconomies. <

.

In the empirical chapter of this thesis, I will
&

conduct the statistical analysis to test for local

economies of scope and local overall economies of. scale.

5
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CHAPTER IV: ECONOMETRIC ESTIMATION

- ’\ Y
)

This chapter presents the empirical results from the

estimation of the complete nonhomothetic, joint, multiple

.input, multiple output translog cost modei outlined 1in

Chapter Three. Section 4.1 presents a discussion of the
data set utilized in the estlmatlon. B Section~ 4.2
discusses t 2 methodology employed in the estlmatlon of

the complete model. In addition, regional\dummy'Variables

- to capture the interregional differences are introduced.

Aq>'log-linearity are discussed.

global homotheticity, homogenEItY,“;'

. . Vv . Y

In  section 4.3, the;émpirical results of the global
tests of the productlon Strucﬁ‘ﬁ"n

particular, the statlstlcal conclu,.:ljﬁ

The parameter estlmates of the gene%a%égonhomothetlc,

|’ .
joint model are presented in sectlon 4. Q{ /Mo;eover, the
R ‘

¢stimated values of the Allen-Uzawa partlal'

‘lasiticities

of fab;gr-substitution, the partial cross pri and own"

i pxice‘ elasticities of factor demands, the output

R £ &

~ élasticities of factor demands and the marginal rate of

U,product'trghsformation are presented and discussed in this

[

L e
< .
o q . L v
‘,4 S
X L T C o .
x AL P i i~
/

> . 78 o
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Finally,, section 4.5 presents and discusses the
empirical results of the tests conducted fo; local
4 o )

economies of scope and local overall economie8 of scale.

4.1 Data

L
! -

The‘ data necessary to estimate the complete cost:
model must be comprised of input price indexes and cost
share data forln'inputs, odtput indexeé and_re&énue share
data’ for- m outputs, and total cé@&% data. Given fhe
complete transloé‘cgst model of n inputs and m outputs;
the number of parameters which need to be estimated is
(1/2) {m + n)(3 + m + n) + l.79 Consequenély, the‘sample
size places upper 1iﬁits on the magnitude of'm~and n such

that the model can be empirically implemented.
Ca LTI ;

~

As & résult of data limitations, 1t was dec1ded H'
. ' s ‘ '
use .a four input, twodButput cost model. The four 1npu§g
] .

are comprised of land, labor, capital and materials while
: i

the two outputs consist ‘of field Ccrops and
livestock/animal products.

¥

‘Exrv

The data employed in estimation originates“from two

797his is after symmetry, liﬁea{ homogeneity in 1npu£
. prices, and. the adding up condltlon has been imposed. See
-Ray (1982). _
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- major sources; Agrlculturg Canada80 and Statistics Canada.

The data- sé%'ls comprised of pooled time serles and cross

sectional data for Western and‘Eastern Canada for the time

-

period 1961 to 1979.

Land is one of the most important variables in
determining the characteristics of Canadian agriculture.

What is required for the purpose at hand is a measure of

the rental price. of land reflecting the costs incurred,

total regional agrlculture wage blbifJ

either directly or ind,ireotl‘y,. from a flow of services

derived from é; given étock of land. The rental price

index of land and the value of the annual flow of services

from land for Eastern and Western Canada was calculated by

Agricultufe Canada.

The labor price index and the value of labor input
was provided by Agriculture Canada. The hired labor wage
rate was used to“construct'a labor priceainQex and it was
assumed this wage was paid to hired,, operator, and family

labor. ' The wage rate for Eastern Canada is. a welghted'“;"
average of . the hourly agr1Culture wage. rate for

v

Eastern‘province. A similiar proceg%{e was employed to

e

determlne the Western Canada agr*é {e wage rate. The

lects explicit and

80Thls data set was u d in Lopez and Tung (1982) . My

thanks - to: Agrlculture "anada and in partlcular, Drs.
Lopez, Tung and Nararayan. ‘




implicit payments to hired, operator and family labor.

The ‘regional capital price indei proVided by'
Agriculture Canada is derived by a weighted average of
machinery and equipment, buildinggland fencing, and animal
stock price indexes using 1971 <cost share ' regional
weights. The regional capital price indekeé represents
the rental pricé' of annual per unit flows of. gservices
originating'from the existing capital‘stock in each year.
Aégregating thé'value of the flow Qf services from each

> :

subcompon %ﬁ yields the value of the flow of services from
b

éapital.

S

The material price index is a weighted average of- the

‘égzﬁncludes fuel and electricity.

82

. -
o
¥ iy

Comprised of fertilizer, 1lime, and aﬁ%idulture
chemicals. ‘ o

<2

83Consists of livestock purchases, registration fees,
and veterinary expenses. ‘
84, o ’ . o)
omposed of nursary stock, irrigation, containers and
twine. :
y

85Includes'éustom work, ihSUrance,,and other‘éupplies -

and services. - : : _ ) Pra



: _ 82

The total annual cost of production for each region
was determined by summing the annual land, labor, capital™®

and material expenses for each region. The cost shafevdata

>

was calculated by dividing the expenditureé on each input

by the total cost of production.

a

- Regional annual total revenues from field crops is
comprised of the summatioh. of regional revenues from
wheat,86 oats, barley, rye, flaxseed, rapeseed, sdybeans,

corn, sﬁgar beets, potatoes, fruits, vegetables, tobacco,

s
W

" “.and other créps, The regional"quantity index ‘waﬁ

bl

constructed by aividing the total regional revenues from

field crops- by the regional field crop price ihdgx87

and
+. then transforming the resultant valueév into - an odtput
‘quantityAindex. ) ' : o \
Annual total revenues from livestock and animal
ptoducts was found. by 5§gregating regional revenues frdm
A ’ . 88 §

i
EY

‘caktle, calves, hogs, dairy products,

sheep, lambs and o%her 1i€25tock'and animal proaucts.‘ The |

poultry, eggs,

regiohai quantity index for liveétock and animal products

» 86Includes Canadian Wheat Board payments and net cash

advance payment under the provisions of the  Prairie

Advance payment Act and Western Grain Stabilization"Act.
' . =

‘ . ) R ‘,{p. ’
87calculated as a weighted average of the Caradian field
crop price index and the regional agriculturgﬁprice index..-

.

88

o
S . . : 5 i
. . )
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was constructed using the proceédure similar to the one

indicated abové.

The revenue shares, assuming competition, was

calculated by dividing total regional revenues of eaqh

aggregate output by the total cost -oduction.

In brief recapitulation, Tz esents a list of

definitions of the varibles employeu. All index data used

in estimation was normalized to one for 1971.
. E{’ o

4.2 Estimation Methodology

JF|:ons were esﬁimated_simultaneously. Since the

%&b to one, their disturbance terms
‘ o - .

f .

equations was deieted'to-preserve the nonsingularity of -

the covariance matrix.( The material share equation was

deleted. ~Maximum likelihood estimates are invariant to

" the equation deletfd.

The full system, comprised of the gost function,‘n'—

1 share equations ‘and m revenue share equations, was

$ N

~estimated ' by an .iteragive ilmatibn f%echniqugi for

(I

Zellner”s seemingly unrelated equationggwhich ensures -that

.

'
a
[ I

e

mgxiwum ‘likelihood “ estimates -are®™ " obtained ¢ if 'tﬁg
- \ . : \ . ) - FAT

.

e
t

LR

\

S

| » N I



Table 3: Definitions of Variébles

Variable : Definition
Py, Land input : Index of the rental price
price index . of land
Py Labor input ‘ ' indgx of the houriy wage
price index rate '
Pg Capital_input Co “Index of the rental price;
price index . of capital
PM Material input Index of the price of all
price index: . . .other materials
QA Field crop o Index of the 6utpvr of all
quantlty index T field crops
: -,ﬁ;- : . . ,
Qp L1ves&0¢k and : Index of the output of all
animal productsh livestock and animal
.quantity index - . 3 products o
S;, Land cost | o Estimated cost of the flow
share _ ~ of land services divided by
' S total gos ts
I . ( E
Sy Labor. cost . A Estlmate cost of operator,
share . —— family and hired labor
) divide by total costs
_SK Capital cost Estlmated cost of t Je flow
share - ' - of capltal services divided
T by total bosts L -
SM”Matéiial cost : Total expendltureg on mater als‘ C
share = \ - divided by totafﬁbosts' . 7 ‘
| o SRR T A g -
Rp-Field crop - ‘Total revendes fec1eved from
revenue share all field crops d1v1ded by
L S total cost o |
¥ » : co S i
Rp Livestock and : Total reVenués recieved from
. animal products . “"all livestock #nd animal |

revenue share L products div1ded by total costs.

3

<

ks
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LI
covari.. .¢ matrix converges.89

Actually, there exists six alternative variants of
" the model which could havé been used in estimation. . Given
the cost model, one could estimate the parameters of the -

pfoduction'technology by:

1. the cost function alone gath linear homogeneity
in input prices imposed. : .

2. the cost functioﬁ’ and n - 1 cost share
equation§l with  the adding up condition
imposed.” " S

3. the n -1 cost share &guations with the adding
up condition imposed.”” _

4. the cost function and the m revenue share
equations with homoqiyeity of degree one in
input prices imposed.

5. the n - 1 cost share equalions and the m
revenue share eq%ﬁfions with the adding -up
condition imposed. ‘

~89The convergence criteria was set at .05 with the
maximum number of iterations set at 50. :

0phere may exists problems with multicollinearity.

91This metﬁod.appears to be the most popular method:of
late but does not use all of the information of the
complete model. ‘ . E

9240t all of the parameters of the cost function can be
estimated. In particular, this method does not provide
direct values for ao,‘qy, and qyr' B ,

93The author is not aware . of any study which has
employed this approach. - B

94The intercept term of the ‘cost function cannot- be
directly estimqted-by this.approach.
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6. the cost function, the n - 1 cost share
equations and the m revenue share 9gqgatibns
with the adding. up condition imposed.

A

Preliminary -reg;ession results indicate the cost
function, the n - 1 cost share equations and the m revenue
share equations with the adding up condition imposed

provided the most suitable econometric resul'ts.?®

. Dummy variabies were introduced into each equation tc
capture the quantitative differences in regional
productiqn tec;ﬁélogy characteristics. The dummy
variable, D, had the wvalue of zeré for Western Canada and
one for Eastern Canada. 'gdbldwing Binswanger (1974b),

Fuss (1977), Griffen and Gregory {1978) , Lopez and Tung

(1982) and MacRae and Webster (1980)'the dummy variables

97

were entered in additive form in each equation. In

addition, Hicks” neutral technological change was assumed.

95One would expect the inclusion of the cost share and
revenue share equations along with the cost function would
increase the available degrees of freedom and improve
statistical precision-since.the parameters of the cost and
revenue share equations are a subset of the cost function.

96This is contrary to the findings of Guilkey and Lovell

(1980) . It appears to be the case as n and m become

" larger, the estimates provided by (1) degenerate vis-a-vis

(6) . Ray (1982) also found the full cost model provided
better estimates. ‘ )

97More cotrectly, each regional model should have been
estimated separately. However, due to data limitations
.\guch a procedure was not possible.



The econometric model estimated had the following

form.98

87

The multi-input/multi-output cost function was

wriqsen as::

3

InC = ag + ar, 1n PL f ay 1n PN +‘aK 1In PK

+

+

+

.,aM

brm

1n PM + bLN 1n PL lnPN + bLK lnPL lnPK

1n P, In Py + 1/2 bLL 1n Py, 1n PL

1/2 bygy 1n Py 1n Py + byy In Py 1n Pp

bNM 1n PN lp PM + bKM lnmPK ln.PM

1/2 brg ln'PK 1n Pp + 1/2 bMM 1n Py 1In Py

JqF ln Op + dy 1In Q + dpa 1n Qp 1n Qp

1/2 qpp 1n Qp 1n Qp + 1/2 g, 1n Qp 1n Qp

gLF ln‘PL In Qp + 9yp In Py 1n Qp

ng In Py 1n Qp + gyp 1n Py 1n Qp

‘gra In Pp 1n Qp + gyp 1In.Py 1In Qp

gga 1n Pg 1n Qp +'gMA 1n pM.;n Qy + deD (1)

The cost share -equations used

S =

L - 2L
Sy = ay
Sg = ag
—>;;Symmetry

presciitation.

by

brm

is

In P. + b

1n

1n

< 1n

1n

In

L

LN

were:

1n
1n

1n

1n

1In

1n

PN + bLK In P
QF‘+ IrA 1n QA + dLD
4

P, + Db

L Ng 1D P

QF_+ INA 1n QA + dND'

Py + byg 1n Pp

Qp + 9gga 1N Qy + dgD  (2)

imposed throughout the remainder of the

O



The revenue

Furthermore,

restrictions

ar
bry
by
bk
br
ILF

diLa

share equations have

+ dpp 1n Qp + Qpp

1n PN + bKF

+ Cpp 1n Qp + Qpp

-+

were imposed on tue mode

+ +

an
+

ag

l1n P, + b

N KA

+ ay = 1
brg + Dry
byg *+ P
brg * Pum
bxm<i>bxx
Igr ¥ IuF
I9ga * Ima

1n

In

1n

In

the form:

Qp + 91,F 1n P

P

L
R + bMF_ln:PM»+ dFD

QA + 91A 1n PL

PK + bMA 1n PM + dAD

1.99

o

88

- (3)

the following within and across equation

The system comprised of (1), (2) and (3) subject to

the set of restrictions (4) constituted the general joint

cost model used in estimationa

99

Symmetry is already imposed.
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4.3 Testing the Structure of Technology

Variéus alternative hypotheses of the structure of
the production technology were tested. Likeiihood ratio
tesés, which have been extensively used to test the
validity of various parameter restrictions, were emplqyed’

in the following manner.

'First, the general nonhomothetic joint cost model

-

represented by (1), k2), (3), and.(4y was estimated which
yiélded the maxiﬁunl of /Lhé likelihood’ function L, upon
convergence.100 Second, the maximum of the 1likelihood
function L; was estimated when additibnal ;lternative
restrictions specified in section 3.2 were placed on the
model. Third, the logarithm of the likelihood ratio was
calculated by the formula 1ln (Ly / Lg). Theil (1971)‘ha§
shown that -2(ln L, - ln-Ld) is asymptotically distributed
as Chi-squared. Hypothesis testing wé§ cénaucted by
comparing minus twice of the logarithm of the 1likeli.iood
ratio to a critical value of Xf where thev degfees of
 freedom, r, is equal ., to the ‘Thumber of édditional

independent restrictions.101

100This specification converged after 35 iterations.

10lpheil (1971), 396 - 397.
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The null hypdthggis or, in other words, the validity
of the additional festrictions was rejected if minus twice
the log of the likelihood ratio ‘was égeater than . the

. ‘ o

critical value of Xr-

A \ ‘

Tests were conducted on various null‘hypotheses such
as ‘global homotheticity, homogenei.y, "homogeneityk‘of
‘degree one and log-linearity. Since these restrictions
are global tests, the translog cost fu*:tion.Was treated

as an exact function in this section. he results of the

_hypothesis testing are presented in Table 4 and Table ».

3

Homotheticity implies ipput prices ére separable frqm‘
“the levels of output and the cost minimization_expanéion
path is a ray from the origin. Total weak homotheticitf'
could not be tested within the translog framework: - They
null hyp&thésis ‘of a - strongly homothetic production
technology‘was‘soundly rejected; A similar result -'was

reported in Lopez (1980) for the single output case.

The test for input price and output separability is a

102 Although

test for the existence of an output aggregate.
the weak test could not be conducted, the rejection of
strong homotheticity does question the appropriateness of

the use of a single output specification. The acceptarce

of strong homotheticitv is a sufficient condition for the

102Fuss and Waverman (1978), p. 21.

5N
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existence of an output aggregate. However, the rejéction
of strong homotheticity is neither necessary nor

‘“ gufficient for the nonexistence of an output aggregahe.103‘

-

Rejection®of strong homotheticity does suggest to view the

single output analysis with caution.

r

Given the fact global strong homotheticity was
reﬁected, this implieé globdl homogeneity, linear
homogeneity and 1og-linearipy which are nested within
strong homotheticity would also be rejected. . The
empirical tests led to the rejection of _the null
hypotheses of ihomogeneity nest:ed‘~ within strohg
gomotheticity in both ﬁeéts. In addition, the nonnested

-~

homogedeous hypothesis was also rejected.

The null hypothesis of homogéneity of degree one was
convincingly rejected in all four tests. The implication
bf these fihdings indicate the imposition of these
restrictive specifications of linear homogeneity,
homogeneigy or - strong homotheticity wouldA bias any

empirical findings for Canadian agriculture.

« The log-linearity hypothesis is equivalent to testing

4

103phis is due to the fact that the rejection of weak

homotheticity is necessary and sufficient for the
nonexistence of an consistent output aggregator. ;
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)

for the Cobb-Douglas form of the cost ‘function.loén
Log-linearity was strongl; rejected wh%ch confirms the
findings of Islam and»Veemaﬁ (1980) who tested for this
form in the sihgle output case. Furthermore, the null

hypothesis of the linear homogeneous Cobb-Douglas form was

also rejected.

Ag' a result of the empirical testing for global

structure, the general, nonhomoﬁhetic, joint translog
muitible input, multiple output cost. function was
maintained in all iﬁbsequentvanalys{s and calculations.
Accordingly, the imposition of homogeneity or linegr

homogeneity on the Canadian agriculture cgit function

would clearly be inappropriate.

P

4.4 Estimation Results and Summary Statistics

The parameter estimates of the full nonhomothetic
joint multiple input multiple output. cost model for
canadian agriculture are reported in Table 6 along with

their associated standard errors and asymptotic t

l04This is also a test for the Cobb-~Douglas form of the
production function since the Cobb-Douglas is a self dual.
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ratios.los Twenty - eight of the thirty -~ four parameter
estimates are statistically signiflcant at Jhe one percent
level of confidence. Furthermore, three .additional

parameters are statisgically significant at the five

perceht level.

Goodness of fit statistics are presented in Table 7
with R? values reported for each eqﬁation. An examination
of this table indicates the model performed very well.

, p “

All the regional .dummy variables are statistically
significant. = The nggative coefficient--for— the -dummy
variable in the land and: capital equation implies Western
A Y Lo

Canada has a relatively land and capital intensive

production technology while the positiVe coefficieg;'in

-the labor equatibn indicates a relatively labor intensive

- technology for Eastern Canada. The flatter result is
I Vi . ‘

o

contrary to Lopez and Tung (1982) who found Western Canada
to have a more labor intensive technology. This\\
difference may be a result of either differences in the

multiple“oufgut‘ve:sus single output case or differences

resulting -from the functional form of the cost

;.
4

N -

losItxls common- to report the parameter estimates of the
re}édt models to show the extent of the bias in the

<L?pan§ t estimates . if one assumes  an  inappropriate
étruét . Since nine alternative models were tested, in

ﬁddltlon«to the nonhomothetic joint model, it was decided

_npt\ report the rejected versions due to space.

11@1tat10ns.
e \:l‘ i
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Table 6: Parameter Estimates for the Translog Cost Function

-

Coefficients Estimated Standard Asymptotic
' : Value Error . t-Ratio
ag 7.64140 .02595 294.432*
ar, .41360 .00610 67.719%*
ay .09308 - .00375 24.807*
ag .23001 .00306 75.093*
ay ‘ .26331 ©.00995 26.459*
bLﬁ -.06769 .00755 = 8.961*
brg oo -.04268 .01108 - 3.852*
brm’ -.08122 - 7.01417 " - 5.729*
by, : .19161 .01340 14.297*
ban o .04990° 00991 5.032*
bug -.01965. .00677 - 2.902**
bnM ' .03744 ' .01128 3.319*
bgm .04128 - .01464 2,.819**
. Pgg - .02106 . .01422 . 1.480
bum : .00249 .02596 .095
g ‘ .56129 .01812 . 32.667*
dp .55055 .01691 32.553*
arp -.13868 .01149 -12.062*
aNF -.09535 .00635 - =15.005*
dgF .00091 . - 01112 .081
IMF ' .23312 .01443 16.153*
dra : -.14271 .01443 . - 9.885*
dNa -.06072 .00837 - 7.251*
dga .04323 - .01347 . 3.209**
IMA . .16020 .18535 | 8.643%*
dpp -.24027 .03909 - 6.146*
apfp . .58468 .03381 _ 17.290*
dan .50687 .06176 8.207*
de ' -.18079 .03802 - 4,754*
dr, -. 29900 .00886 _ -33.745*
dy .05220 .00550 9.482*
dg -.03438 .00412 - 8.334%*
dp -.20897 .02538 - 8.232*
da .47850 - .02493 ;9?189*»

N

—___/// ‘*:significant at the 1% level
significant at the 5% level



Table 7: Goodness of Fit Statistics

Equation.
Cost function
Land cost share

<

Labor cost share

T r—

Capital cost share

Field revenue share

N

Animal. revenue share

R2

.9449

.9720

.7736

.6718

.8138

.9374

SEE

.11659

.02560

.01600

.00935

.07688

.07327

DW
'.9?56
1.1620
1.10}7

.8890

.9146

1.2308

97
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functi_on.106

The results from the two revenue share ‘equations

reflects relative specidliza%ion of field crops in th&
!

West and of livestock and animal products in the East.

The results are not surprising given the geographical

"nature ofl Canada and the location of mérkets. The

negative coefficient of the regional dummy in‘thevcost
function, although relatively small but Statistically
significant, indicates‘ EBastern Canadé has a lower cost
curve compared to Western Canada. A summary of the

interpretation of the regional dummy variables is

Vpresented in Table 8.

o

Table 9 presents the estimates of ‘the elasticities of
substitution fof Canadian agriculture. Treating the
translog cosf function; as a second order approximation
requires the - calculation of the elasticities to be
conducted at the pbint of approximation. The elaéticitigs
of substitution formula is evaldated at the mean of -the

data.

The aggregate Canadian results - - indicate that all

pairs of inputs are substitutes with the exception of land

106One should be care 2/ in comparing tne signs of the
dummy variables in this study with those of Lopez and Tung
(1982) since the former enters 0 for the West and 1 for
the East while the latter enters 1 for the East and 0 for
the East. A

-

<3



Table B:IInmerpretation of Regional Dummy Variables

O

Eqﬁation
Land

Labqr
Capital
Field Crops

o

Livestock and
Animal Products

- Costs

Western Canada

Intensive

Intensive

Specialization

Higher

Eastern Canada

Intensive

Specialization

Lower .

99
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and labor which rdveals a complementary relationship. The
complementary relationship between land and labor confirms

the findings of Lopez and Tung (1982). - Labor-materials

and capital-materials exhibits the 1largest degree of

substitutablity both having wvalues of Eij > 1. The

remaining three E;; values are positive but less than one.

J

Calculations of tha elasticities of substitution were

also conducted for each region. The substitution formula,

was evaluated at the mean of the regional data.

The - elastiéities of subsﬁitution' estimates for
Western Canada are reported in Table 10. All pairs of
inputs are substitutes exclﬁding land-labor and
labor—capital.107 %iﬁilar to the findings of the aggregate
data, labor-mate:-icls and capital—materials show the

largest substitnfion‘possibilities.

Table 11 shows the elasticities of suggtitution
values for Eastern Canada. The Eastern Canada results are
similiar to those found in the Canadian aggregate.

Due to the wvariability in the AUES;y, upon

examination of Tables 9, 10 and 11, one can clearly rUle/'

out‘ the Cobb-Douglas technology where AUESij = 1, the

Leontief technology where AUESjij 0 and the CES

107Labor—capital elasticity of substitution is
statistically insignificant. : -

/

/
/
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specification where AUES;. are equal.

J

The own price and cross‘price e}asticities of demand
for ﬁhe Canadian aggfegate are shew¥ in Table 12. All
four inputs have the correct, a priorﬂv sign for their own
price elasticity of demand. The low v%lue of Ejj for land
indicates an inelastic demand function for ehis input.
The low own 'price elasticity of demand ﬁor land ie
consistent with Binewager (1973) and Islam and Veeman
(1980) but is differentnthan the results ef Lopez‘and Tung
(1982) . ﬂaﬁeriels and -capital have the ieast relatively
inelastic demand functions out of the four inputs. Only'
iaed—labor and labor—lané show negetive cross ‘price

t

elasticities.

The partial cross price end own price elasticities of
factor demands were also calculated for Western and
Eastern Canada. These resglts_ape.rebdrted in Tabie 13
and Table 14, respectively. - In general, there appears to
be no marked difference between the elasticity Values for
Canada as a whole and the 1re§ional values with ‘theb
exceﬁtion of eapital—labor and labor-capital. . In Western
Canadian these values are negative indicating a

complementary relationship while Eastern Canada and. the

Canadian aggregate identify these ,inputs as substitutes.

Evaluating» the signs of the Allen-Uzawa partial

elasticity of substitution and the ~cross partial
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elasticity of factor substitution allows one the to
classify the inputs as complements and substitutes. Table
15 summarizes these findings for Canada, Western Canada

and Eastern Canada.

The output elasticities of factor demand were
calculated for Canada and the two regions. These results
are presented in Table 16. Recall a négative sign
indicates the factor input is an ihferior good, a value

b%ﬁf§é“ zero and positive one reveals the input' is normal

— —

C s . c e >
and a value greater than positive one identifies the input

as a superior input.

Examining the field crop elasticities of -factor
demands reveals the following. Labor is an inferior input
in all three calculations iﬁdicaging the demand for labor

shifts inward as the quantity of field crops ingreése.

.This is consistentgwith‘the observed relative decline in

agricultural labor use. The calculation of the field’Cfop‘
elastiéity of land reveals this factor of production is an
inferior factor input in Eastern Canada and a.normal input
in Western Cangda.' Itbappears Eastern Canada field‘crop
production is constrained thé relative unavailability éf
land while the West is not. This supports the findings of
Lopez and Tung (1982) who utilized a single aggregate-
output measure. It was found th;t capital used in field

crops was a normal factor of production in both regions.
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Table 16: Output Elasticities of Factor Demand

Canada Western Eastern

Field Crops“' b

Land " .09110 .32630 - .19234

. Labor - .32800 - .46840 - .31501"
Capital  .50164 .66268 - .34064

. Materials =~ 1.19980 1.50670 .93558

Livestock . .

Land .36930 _ .16518 .52374
Labor 26175 - .21055 65289
Capital .99200 .70085 1.28450

Materials 1.27010 1.09000 ' 1.47950
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Finally, materials in Western Canada are superior, while
materials in Eastern Canada are normal. This latter
result is consistent with the observed increases in energy

use, fertilizer, etc.

summarizing the field crop elasticities of factor
. ¢ .

démands, the empirical results suggest increases in the
pféduction of field cfops in the West is accompanied_ﬁy
relatively small increases in land and capital, a decrease
in the usage of labor and relative larger increases in
material usage. Contra:ily,‘in}thé'East, an increase in
field crop production brings forth relative increases in
capital and material use and relative decreases in land
and labor.

The livestock elasticity of factor demands reflect a

slightly different pattern of input responses as a result

~

of liveétéck/animal products expansion, vis—a—vis, field
crop;t Land and capital are nérmal factors of production
in the livestock industry for all three calculations with
the exception of capital in Eastern Canada livestock where
it appeérs to be a superior input. On the other hand, the
livestock elasticity" of,G,emand for materials indicates
that mgterials are superior in Tastern Canada, Western
Canada and the aggregaté livestock induétry. Finally,

labor used in the livestock industry is an inferior factor

of production Cin Western Canada and normal in Eastern
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Canada.

The Eastern livestock elasticities of factor inputs .

reflect land and labor as normal inputs in the livestock

v | N

industry while capital and materials are both superior.
It 1is interesting to note that the Western output
elasticities of factor demands for both field crops and

livestock have the same pattern of input responses.

The interregional differeces in input responses
suggest the Eagt and West .have significantly differen£
prodqction_ technologies. This. .implies the modei
specificafion« empfbyed throughout ‘this thesis méy be
inappropriate. Further .:eseargh should estimate  the
'_éroduction technolo@y of Western andﬁ Eastern Canadian
agricdlture\séparately to determine if there exists ahy

biases due to the specifica-ion in the present study.108

A summary classification of factor inputs according
to their output elasticity of ‘factor demand for field

crops 'and livestock is presented in Table 17.

The marginal costs of production of field crops and
livestock for Canada and the two regions is shown in Table
18. These marginal costs are difficult to interpretate

due to the ambigquous units of output. However, the

-loaThis presumes the analyst has a sufficientiy large
- data set. !



Tabl.

Field Crops

Land
Labor
Capital

Materials

Livestock

Land
Labor
Capital

Materials

Canada

normal

inferior

normal

superior

normal
normal
normal

\

superior

Western

.normal

inferior
normal

superior

normal
inferior
normal

superior

113

1 : Classifying Output Elasticities of Factor Demand

H

Eastern

inferior
inferior
normal

normal

normal
normal
superior

superior
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estimated values of each marginal cost can be readily

employed to calculate the marginal rates of product

. transformation. The marginal rates of transformation are

v

also reported in Table 18.

A comparison of the marginal rate of transformation
of fieid crops for livestock between Western and Eastern
Canada leads to an intereéting result. 1In Western Can;da
the agriculéure sector would have to give up‘approximately
one unit of field'crdps in order to produce one extra unit
of livestock. Contrarily, the agriculture sector in
Eastern Canada would have to fotgo approximately three
units of field'c;ops in order to produce an additional
unit of 1ivestock. . ihis verifies the relative
specialization of field cropslin éhe West and livestock in
the East as indicated by the signs of the coefficients for

the dummy variables in the revenue share equations.

4.5 Economies of Scope and Economies of Scale

Recall jointness or cost comﬁlementarity is a local
test for the existence of local economies of scope. If
there exists lécal economies of scope, then there exists a
_cos£ saVihg from producing field crops and 1livestock

together.

The ->njointness hypothesis was tested by scaling the
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Table 18: Marginal Costs and Rates of Transformation

anada Western Eéstern
MCp | 12:;2.90 1760.83 757.56
MCp 2055.94 ' 1‘616.‘35  2235.44
MRT 1.6676 .9177 2.9508

FA
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data at the mean as indicated .earlier. The 'empirical
results’indicate the nonjointness hypothesis could not be
rejected.  This suggests, in the aggregate, there ié no
local cost complementarity between the production of the
two outputs and indicates the lack of local economies of
scope. The statistical .resulté for the test of
| nonjoiﬁtness and. local qyérall economies of scale";;e

presented in Table 19.

'Following Gillep and Oum (1983), the cross partial of
the cost function .with respect to the two‘ outputs was
evaluated at the scaled data point. The cost complementary
test statistic evaluated at this point yielded CCy, = .06
which indicates a clear lack of complgmentafity and hence
no cost advantaée to the production of field crops and

livestock/ahimal products simultaneously.

One would expect the existence of local economies of
scope at the micro level for mixed farming operations.
However, in the aggregate, given the bompositioﬁ of the
two outputs and their respective diversified inputs, there
is no a priori reason to expect coét complementarity 1in

the aggregate analysis.

Finally, a test of the null hypothesis of local
overall constant returns to scale was conducted. Rééall,'
the global tests conducted for linear homogeneity were all

convincingly rejected. It may be the case, there exists
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linear homogeneity in the neighborhood of the point of
approximation. The empirical results led to the rejectior

of local overall constant returns to scale.

Due to the rejection of the above hypothesis, two
measures for the Canadian aggregate and one measure for
e&ch region. was calculated to determine whether each, of
these regions was _characterized by aggtegate local
economies or diseconomies of scale. = At the industry
level, this is‘ equivalent to determining where the
industry 'is characterized by increasing .or decreasihg

costs.

A't the scaled data mean, SE = (}Y:qy)'l = .8994 which
inaicates in the Canadian aggregate, agriculture |is
¢haracterized by overall diseconomies of scale or in
otherwords Canadian agriculture 1is an increasinc cost
industry. This was checked by examining the inverse of
the sum of’output cost elasticities at the mean of the
unscaled data. BAs a result, it was found that SE = .7784

for Canadian agriculture which verifies the above.

The inverse of the sum of the output cost
elasticities | was also calculated . fof each region
évaluating the formula.at the mean of each fegional data
subset. The sCéle elasﬁicity for Westérn -and Eastern
Canada was estiméted to be .8579 and .7125, reséectiveiy.

Both Eastern .and Western Canadian agriculture are
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increasing cost.ihdustries. "The literal interpretation of
these &two values indicated if output is expanded
equiproportipnately,:Say' by 10 percent in each region,
then cost would increase by-+11.66 percent in the West and

by 14.04 percent in the East.

This result coupled with the fact the dummy variable
in the cost function indicates Eastern‘Canada agriculture
has | a lower cost ‘'curve seems at first glance
' contradictory. The seemingly conflicting evidence can be
reconciled by the folléWing. It appears that the West has
a cost function which is characteriéed by a relatively
flatter cost curve (if one thinks of the single output
case).which lies to  the the right and slightly.upwards,

vis-a-vis, the East cost function. This provides a

sufficient explanation of the two facts.

-

In concluded this section, the Canadian agriculture
technology is nonhomothetic,inonjoint and nonhomogeneous.
Approximating statistics indicate - that agriculture " in

Canada is an increasing cost industry.



Chapter V: SUMMARY and CONCLUSION

This chapter is divided into two sections. Section
5.1 summarizes the highlights of the major findings of
this study. Section 5.2 indicates the limitations of this

thesis and makes recommendations for future research.

5.1 Summary of Findings

This study has examined the characteristics of the
pfoduction téchnology of Canadian.agriculture using the
dual cost fdnctibn. Earlier empirical studies explored
the characteristics of the agriculture production
structure employing a'single‘output specification. Recent
develoéments in the theory of multiple output technologies
has allowed this thesis to disaggregate agriculture output
iuto field crops and livestock/animal proaucts. Moreover,
this study analyzed the production technology of Eastern

and Western Canadian agriculture.

Using a multiple input, °~ multiple output,
nonhomothetic, joint, translog cost function, global tests
for homotheticity, homogéneity,‘iog—linearity and the more

restrictive linear homogeneous structures were conducted.

The four alternative global linear homogeneous tests

- 120
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wére all ssundly rejected which indicatés the restrictive
assumption of constant returns to scale is clearly
inappropriate when describing Canadian agriculture.
_Furthermore, it was found the production structure of

Canadian agriculture is clearly nonhomogeneous.

It was shown the existence of.zi consistent output
'aggregaﬁor which is necessary and sufficient for the use
of a single aggregats output specification required
gseparability between input pricés and outputsk Al though
weak separability C%Pld not be tested, the statistical
rejection of strong separability between input prices and
outputs suggests to view the results of the single

aggregate output specification with caution.

As a result of the hypothesis testing for global
structure, the general nonhomothetic joint multiple. input,
_ , _ | |

multiple output translog cost function was maintained

throughout the thesis.

The emplbyment of dummy Variabies statistically
showed Western Canadian agriculture was characterized by a
relatively land and capital intensive  technology
specialising in field crops. Alternatively, agricultufe
in the 'East revealed a relative specialization in
livestock and animal products, a relative labor intensive

technblogy and a lower cost function.
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The summa 'y statistics of the Al len-Uzawa

elasticities of substitution and the partial cross price

and own price elasticities of demand revealed no

surprising results. These. results are not strictly.

comparable to those of the other studies cited in Chapter

~

I due to the aggregation of inputs and disaggregation of

L

outputs.

The interpretation of the ~output elasticities’ of
factor demands led to the conclusion that thevagriculture
4production technology ufilized in the East is
significantly different than in the West. Moreodér, the
Eastern Canadian agriculture technology in field crops and
livestock/animal products is mafkedly dissimilar while the
input response as a result of an inérease in field crops

and livestock in the West reflects a close degree of

similarity in each industry.

The calculation of the marginal .rate of product
transformation showed the West must give up one unit of
field cropé to produce. an exXtra unit of-liveStock/aﬁimal
products. Contrariiyh it was shown the‘East must forgo
approximately three units of field crops go gain an

additional unit of livestock/animal products.

The local test for cost complementarity indicated, in

the aggregate, there exists no cost savings from the

production of the two outputs simultaneously.
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Furthermore, it was shown that agriculture in the East,

West and Canada is an increasing cost industry.-

It is concluded that the agriculture technology
utilized in Eastern Canada is significantly different than

in Western Canada.

5.2 Areas of Future Research

Although this study is the first to analyze Canadian

agriculture using a multiproduct approach, there exists

several areas which should be clarified in order to direct

future research. There exists three major limitations of
the present study: data limitations, functional

specification, and technological change.

For any empirical research, the quality and quantity

of the data is crucﬁally,important since the statistical

N

results are only as good as the data. The presén(‘study

employed data originating from Agriculture Canada  an§

Statistics'canada. Although it was perhaps the best data
availableAét the tiﬁe, I am unsatisfied with its gquality.

In particular, the expenditures on land appears to be
g |

overstated while the cost of hired, éperator and family
A _

labor appears to be understated. Th*s, of course, may
lead to statistical biases and therefofe the results of

this study should be viewed with caution.
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The;data us d in this sFudy reprgsents the yeari 1961
to 1979 disaggregated by region. Since each region is
heterogenedus in nature, the future availability of
adequate  provincial data should be wused to make an
interprovincial comparison. Moreover; if the data set is
sufficiently iarge, future research should disaggregate
inputs 1and outputs stil} further since the empirical
results tend to be sensitive to-the\degree and method of

aggregation.

The functional specification of the model employed is
also anbimportéht issue as indicated in section 2.5.and
2.6. . The present study ’xemployed the translog
specification of the cost function. Consequently( Kthe
global measures of economies of scope and product-specific
economies of scale qould,not be estimated. The choice of
the ‘translog . functional ? form‘ ‘was ~ based upon the
limitations of the Shazam»program used in estimation in
. this studyfand the lack ofva sufficiently large dafa set.
Future reséarch should explore alternative speqifications'

) : ) | :
‘of the multiple output, multiplé input Canadian

2

agriculﬁureJcost function.

The functional form of the revenue share eguations

¢

was based on the the translog specification and
assumptions of perfect competition and cost miﬂim{zation.

[

If some subsectors of agricult@re"are not ©perfectly

N
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4 )l

competitive, then the model can 5e,ex£ended to incorpo:ate
economic behavior under a regulatory constraint and
.iméerfect competition. It would be of interest to examine
a disaggregated Canadian agriculturelmodel reflectinq the
economic interaction between the competitive seétor and

the regulated sector.

The trahslog specification of Ehe model was‘é#tendéé
with the introduction of dummy variables infol;eaCh
equation. Thé statistical analysis indicate the regional
agricultural technologies are substantiéilywdissimilidr;'
It‘wohld be appropriaﬁe if thé regioﬁai technologies were
estimated separately. . The necessafy condition to -

implement the preceding is an extended régional'data set.

In the ‘empiFical section‘ of this 'thesis, it was
assumed ﬁtechnologidﬁl - change was of fhev-Hicks’ neutral
‘type and was gxcluded from the estiﬁating équations. This
assumptibn wéshbased qh the resulté of topez (1980) and
was employed éue to an insufficiently large enough sample
size. If a‘sﬁffidieﬁtly large data set becomes available,
researchers should definitely inCorpo;ate{;technological;
chanée into the“fu;l mﬁltiple product model. The effect
of ;echnqlogical change éhduldvbe empirical tested rather
than assumég.l; o

- | Realizing the limitatio?s of this thesis, one has to

_remember this ;;udy is but one of the first to examine
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agriculture from a multiproduct cos. nproach. The

refinement of the multiple output, - "*iple inpnt costing
",

approach in conjunction with increases in the quality and
quantity of data will allow future researchers to increase
our understanding of the production technology of Canadian

R

agriculture.
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APPENDIX A

Given the output elasticity of total cost is defined by

S1n c(?,Q)
E . = - . .
cY §1n 0, - (1)

‘expansion of the right handside of (1) yields

§in ce,00  §cip0) fo,

d1n Q, cre,/ o
. _ dcp,Q) Qy
do, C(2,Q) (2)

By definition the marginal cost of product y is

§c(p,Q)
MC = c———
Y .

5Qy | (3)

[

Now if profit maximizing oécurs, then the following holds
-2

MR, = MC, : (4)

Furthermore, perfection competition implies

P, = MR, ) (5)
Substituting into (2) yields
d1n c(p,@) By 0y
6 1n q c(P,Q) | (6)

[
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The numerator of (6) is toﬁal revenues recieved from the
selling Qy while the denominator of (6) is the total

cost of producing output vector Q. Therefore, equation 6

h

is the revenue share of the yt product.



APPENDIX B

' The output elasticity of factor demand by definition is

4

511’1 Xi
Yy .Sln Qv . _ .

d%; Q, |
- 5Qy X5 | . ‘ (1)

.In order to find an expression for:Eiy,'given the translog
cost function, one must find an expression for X; and then

the first derivative of Xy with respect to Qy. By Shepard”s

lemma,
| d C(P,Q)
X T e———
5~Pi (2)
which is equal to
| Sinc c §in c eInC
. Xi O e =
- §1in Py Py dln P, P, (3)

0

Partially differentiating (3) with respect to QY results in

In C

5Xi S‘lncb eln C Slq C1+ $%in c e

8o, ~ 8inpP;| P Q81ln QX] o 81n P; S1n o, | B
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Recall, the cost shares and revenue shares -\
Sln C
¢ S- = i ‘ L N
* 61!‘1 Pi ‘ (5)
din c

Ry =

6ln Qy ' (6)

respectively. ‘Collecting common terms and substituting (5)

-

'and‘(6) into equation (4) then

§x; c d%inc

‘ S. + o
| SQy‘L\ P; Q |_l PY .Sln PiSln Qy (7 .

i

In the transld@ model employed in this thesis

Sg}n C

S\ln PlrSln QY

iy (8)

Substituting (8) into (7) implies
—%%; . ¢C L
, [siRy“gi}

8oy P; Qy

4

\
(9)

Substituting (9) into the definition of Eiy given in (1)

yields

| caoy, [ . <

E. [RSSREL. N o + g, . . )
iy i Ry 1y] BN

. myxo L \ (1 -

Recalling the definition of the cost share indicates the

first term on the right hand’sidé'of equaEionAis the

;reciprocal of the cost share. Therefore (10) becomes



' ."'.\v
5y
N

1
Biy _[51 Ry * 91]
Si

Finally, the above can be expressed as

¢
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which is exactly the expression given on page 71.



