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ABSTRACT

This thesis provides econometric tests of the hypothesis of static cornpetitive farm

resource ancl output equilibriurn in Western Car-raclian agriculture over the period l()(-:l-84.

These tests are conductecl with and without risk aversion and price unceltainty. The

theoretical rnoclels assumecl for this sector inclucled a cost functiorr approach, an inclilect

utility fi'arnewolk, and a stochastic profit function model. Two different tests are

conducted for the proposecl hypotheses: (1) Wald chi-square tests of the syrnrnetry

lesÍictions irnpliecl by cost rninimization and/or utility maximization and/ol profit

rnaxitnization and (2) Wald chi-square, Hauseman specification, and likelihoocl ratio tests

of the filst order conditions fol static equilibriurn for quasi-fixed inputs ancl outputs.

The syrmnetry resÍictions irnplied by cost minimization ale not rejectecl given a

shofi run Translog cost function fol Western Canadian aglicultule. Given these

lesftictiotis, static cornpetitive equilibriurn is not rejected for dairy, poultry, farrn proctucecl

capital, and farm land. For farm machinely the outcome of this hypothesis clepends on the

economeÍic test conducted. For crop and livestock ouçuts, similal hypothesis tests are

inconolusive due to the significant irnpact of output price risk and uncertainty on the

results of these tests. Ovelall, static farm resoulce and product equilibriurn is lejectecl for

the whole agricultural sector of Western Canada over the periocl 196r-84.
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Chapter 1-. Introduction

l.l Statement of problem

A question that has seldorn been asked is that given the structure of Canadian agliculture,

are resources employecl and outputs produced in this sector in static cornpetitive

equiiibriurn'/ Due to the cyclical nature of aglicultule, it is algued that falrn resources ¿u'e

seldorn in equilibriurn since producers ale unable to anticipate procluct prices. The high

costs of adjusting quasi-fixed fann inputs also contribute to prolongecl peliods of falrn

resource disequilibriutn. In the Canadian context, a prirnary objective in the price pooling

systeln of the Canadian Wheat Board (CWB) is to lecluce the irnpact in price fluctuations

on ptoducels' optimizing decisions. A second ernpirical question that has balely been

investigatecl in Canadian agriculture is whethel risk aversion ancl pdce uncertainty affect

rosource and procluct equilibriurn. This study provides tests for the questions raised above.

1.2 Objectives and hypotheses of the study

The objective of this research is to test the foliowing hypotheses given the charactelistics

of the Canaclian agricultural sector over the period 1961-84:

(1.a) were Westem Canadian fartners cost rninimizers ancl/or plofit maxirnizers'?;

(1.b) wele farm resources and outputs in static competitive equilibrium in Western

Canadian agriculture'l And clid far'rners' response to price dsk and uncertainty

aff ect these co nclitiolis'?



To evaluate the above hypotheses three different tests are conclucted: (1) Walct chi-

square tests of the syrnnetry restrictions irnpliecl by static cost minirnization ancl/or profit

maxilnization; (2) Walcl chi-square, Hauseman specification, and Likelihoocl ratio tests of

filst order conclitions for static equilibriurn for quasi-fixed inputs ancl/ol outputs uncler risk

neuftality; (3) Walcl chi-squale test of first orcler conclitions under a sirnple moclel of lisk

aversion and output price uncertainty. These hypothesis tests are conductecl unclel a cost

function approach, an indirect utility framework, and a deterministic profit function

approach.

1.3 Importance of this research

One of the intended goals of rnost aglicultural policies is to increase the efficient

allocation of lesources among diffelent enterplises. Analyzing the irnpacts of risk aversion

ancl output pt'ice uncertainty on falm resource and output equiiibriurn is of uprnost

itnpoltance for the Canaclian agricultural sectol clue to their potential irnpact on resource

allocation. This thesis plovides tests of the hypotheses of farm resource and procluct

equilibrium in Western Canadian agriculture.

This study clepalts fi'orn previous research in that here, the hypotheses of static

resource ancl output equilibriurn are conducted undel a technology that allows for risk

aversion and ouçut price uncertainty ancl incorporates proclucts where quantities are

exogenously detelminect (supply rnanagecl products).

1.4 Literature review

The dual profit function has been used to estimate the characteristics (e.g., substitution

ancl expansion effects) of the underlying procluction technology of an indusffy. Eeulier

2



applications of the profit function approach to agriculture, Lau (1912); Lau ancl

Yotopoulos (1912); ancl Yotopoulos, Lau, and Lin (1976) have assumed a Cobb-Douglas

functional form which is mole resû'ictive than other available forrns.

Recent studies have significantly irnprovecl on the choice of flexible functional

foltns. However, a large number of these irnplicitly assume the equality between shadow

and market prices of quasi-fixed factors, Lopez (1980, 1984); Antle (1gSa); ancl Duponr

(1991). This assumption has led to the estirnation of the delived clemand, supply, ancl

shaclow price equations jointly without any attempt to indiviclually test for the long-run

static equilibriurn conditions for each quasi-fixecl factor'. Other studies have assumecl long-

run static equilibriurn that is, all inputs are valiable, ancl proceecled to estimate a rnulti-

procluct plofit function, McKay, Lawrence, ancl Vlastuill (1983). The clown sicle of this

model is the high probability of rnisspecifying the actual behaviour of producers, i.e.,

agliculture is unlikely to exhibit long-r'un equilibriurn.

Dynarnic equilibriurn models have also been ernployed to model the behavioul of

ploclucels, Lopez (1985). In this case, the costs of adjustrnent are explicitly incorporated

in the rnodel and the filrn is assurned to be in dynamic rather than static equilibriurn. An

intertetnporal profit maxirnization or cost rninirnization problern is solved for equations

of motion fol the fixed factors. These dynarnic equilibriurn rnodels have sevelal short-

comings. They are ernpilically difficult to apply and have dernanding data requirernellts,

Squiles (1987). Furtherrnole, these models also run the risk of rnisspecifying the equations

of motion fol the fixecl factors. The restricted profit function framework is an alternative



which siclesteps these clifficulties but cloes not provide any explanation on the way fixecl

factors acljust fi'om one equilibriurn point to anothel.

Few studies have rigorously tested for the valiclity of static competitive profit-

rnaxirnising rnodels in the agricultulal sector'. Junankal (1980a, 1980b) testecl fol these

restrictions but used a nonflexible flexible functional form. Kulatilaka (1985) ancl,

Schankerman and Nadiri (1986) provide a r'igolous fi'amework for testing the validity of

static equilibr'iurn tnodels and lates of return to fixed factors under a rnodel of short-run

cost minirnization.r They clo not specifically test for the restrictions irnpliecl by this

behavioral assutnption. A bloadel set of tests for static equilibriuln ancl profit maxirniza-

tion in agr'iculfure are conducted by Coyle (1991). This thesis expands upon these tests

by allowing for risk avelsion ancl price uncertainty and incorporating resfricted outputs.

1.5 Organization of the Study

This thesis consists of five chaptels. Chapter I has cliscussed the problern of static

resource equilibriurn and profit rnaxirnization given supply rnanaged policies and plice

uncertainty in Western Canaclian agriculture. This chapter also has describecl the

objectives of the study, the hypotheses to be tested, ancl the irnportance of this lesearch.

Chapter 2 wlll plovide the theoretical background of the study. This chaptel will inclucle

three cliffelent theoretical rnodels: cost function, indirect utility function, ancl nonstochastic

plofit functiol.t. Chapter' 3 will provicle a brief cliscussion of the clata set ernployecl in the

study. Chapter' 4 will apply the theoletical rnoclels desclibecl in Chapter II ro the

' In this model, producers ale postulated to minimize costs by
variable factors conditional not only on the level of output, but also on
(i.e., factors not easily adjusted from one period to the next.)

choosing their levels of
the level of fixed inputs



economefiic stucly of production decisions in Westeln Canaclian agriculture. Chapter 5

will plovide a sum.mar'y and overall conclusions ancl lirnitations of the stucly. The final

data set usecl in this thesis is provided in the appendix.



Chaptet 2. Theoretical Background

The advantages of the duality approach to rnoclelling production decisions ale well known

(e.g. Fuss and MacFadden, Charnbers 1988). Duality allows for the direct specification

of the cost or plofit functions and by sirnple differentiation of these with respect to input

and/ol output prices, factol clernancl ar-rd product supply equations can be derivecl. Testing

fol the conclitions of static profit rnaxirnization is irnportant particularly when a clual

approach is chosen. If these conditions are not satisfied but irnposed, econorneüic

estimates of the dual function (e.g., profit, cost) or clelivecl equations (e.g., supply,

clernand) can substantialiy rnisspecify the actual behaviour of the agents and shoulcl not

be usecl fol poiicy recormnendations or other purposes.

To evaluate the hypotheses ploposed in Chapter 1, a production plocess whele

solne of the output prices are assumecl stochastic is described next. A clual cost function

is considelecl filst, followed by an indirect utility approach. This Chapter conclucles with

a nonstochastic profit function approach.

2.1 A Short-Run Cost Function Approach

The agricultural indusf y is characterisecl by rnultioutput finns. Suppose that the outputs

of such a fifln can be partitioned in two gt'oups: restrictecl and nonresn'ictecl. Now,

consider the plocluction decision of this firrn which produces M nonrestlictecl outputs by

cornbining N v¿niable inputs given R quasi-fixed factors and L output lestrictecl proclucts.

6



Assurning procluoers are price takers in

a rnultiproduct finn can be leplesentecl

factor markets, the variable cost function forthe

AS

c(w,k,y,q) = min E!=r*i xi : x eT(k,y,q)
JC

(2.1)

where y is an M-clirnensional vector of nonrestrictecl outputs; x is an N-clirnensional

vector of variable inputs; fr is an R-dirnensional vector' of quasi-fixed factols; q is an L-

ditnensional quantity vectol of supply managed cornrnodities; u/ is an N-climensional

vector of srictly positive input plices; T(k,y,q) is the set of feasible x that combined

with k can produce y,q. To ensure corresponclence with a production possibility set oï

tlansfonnation function it is sufficient fol the cost function c(w,k,y,g) to be:

(2.1a) non-negative real valued fol positive (w);

(2.1b) homogeneous of degree one in (w);

(2.1c) concave and continuous in (w);

(2.1cI) non-decreasing in w;

(2.1e) diffelentiable with respect to all its algurnents.

Assurning a constant returns to scale (CRTS) production function for the industly, then

the cost function in (2.1) is linearly hornogeneous in (k,y,q), i.e.,

)"c(w,k,y,q) = c(w,)rk,)"y,)rq). The variable cost function ernboclies sufficient

information to cornpletely clescribe the production technology and thus the production

possibility set if the restrictions defined in equation s (2.Ia)-(2.1e) hold. Differentiating rhe

variable cost function (2.1) with respect to variable input plices gives



ôc (w,k,y,q) | Aw i = xt (w,k,y,q) ú = 1r...rN (2.2)

(Shephald's Lemma), where x'(w,k,y,q) arc the optirnum levels of input clemancl. From

plopelties (2.1a)-(2.1e) of the cost function (2.1), it follows that the derived conditional

demancl equatior'ìs (2.2) arc homogeneous of degree zero in (w) ancl the Hessian maû'ix

of second clelivatives c¡*t of the cost function (2.1) is symrnetric negative sernidefir-rite

(nsd).2 It can be shown that these concìitions (i.e., hornogeneity of cleglee zelo ancl nscl

rnatlix) represent all the local properties that are irnposed on the factor dernand equations

(2.2) by the hypothesis of cornpetitive cost minirnization. If the behavioral rnodel (2.1)

describes the actual clecision process of the rnultiproduct filn, then the following

symmetry ol reciprocity conditions

ôxi(w,k,y,Ð lAwi --ôxl (w,k,y,ùlAwi i,j = 1,...,N (2.3)

hold. Restrictions (2.3) irnply a joint test of the filst older conditions for cost

rninilnization and the existence of a parent cost function from which the factor dernancl

equations (2.2) arc delived.

To analyze the static competitive equilibriurn levels of quasi-fixed factors,

nonrestricted outputs, and supply managecl proclucts, clefine the long run profit

maxirnization uroblern

' Homogeneity of degree zero of these functions follows
syrnrnetric negative sernidefiniteness of the Hessian rnafrix is clue
cost function (2.1).

fi'orn Euler's Theorem. The
to the concavity in (w) of the



ma* Efi p i y i * E!=, p ot I t c (w J<,y,q) - Ð[, w É,k t - (a lz)y{= r>f ,l,y i vp ti (2.+)
kJ,q

where d, P'l', ancl uÅ' are the prices for nonrestricted outputs, supply rnanagecl outputs, ancl

quasi-fixed inputs respectively, d>0 is the coefficier-rt of risk aversion assurning price

uncertainty for nonrestricted outputs, ancl Vp represents the price variance ancl covaliance

matlix of these outputs. Moclel (2.4) assurnes a linear rnean-valiance utility function fol

the proclucel defined as

u=En-(ul2)Vn (2.s)

where En is expectecl profits, Vn is the variance of profits. This moclel assumes that

outputs y, Q, inputs x, restricted output prices pq, and input prices w, w* ¿ue all

nonstochastic. The first orcler conditions for an intedol solutioli to (2.4\ are

ôc(w,k* ,!* ,e.)lAki * wki =O i = 1,...,R

ôc(w,k*,y. ,q\lAyJ - pi + dÐIryJVp¿i =g j =1,---,M

ôc(w,k*,!*,e\lAqi -pci --O i=L,...,L

(2.6)

(2.7)

(2.8)

whele asterisks denote the optirnum levels of the choice valiables. Note that if prices

(**',P,p"') are identical across firrns ancl if a =0 (risk neuf ality), then the cost functions

c(w,k,y,q) for individual finns satisfy the conditions fol consistent linear aggregation over

static competitive profit tnaxirnizing cornbinations of k,y,q, Coyle ( l99l , p.6). Conclitions

(2.6)-(2.8) represent the shaclow price equals market plice principle ancl if the inclustry is

in full static equilibdum with profit maxirnization for all inputs ancl ouþuts, conclitions



(2.6)-(2.8) are satisfied jointly with (2.3). Palticularly, (2.8) provicles a clilect way of

testing whether the ex post or fixecl prices of supply rnanagecl ploclucts ale equal to the

ex ante or cost of producing a unit of these outputs. The above clerivatives of the cost

function can be interpreted as follows: ôc (w,k* ,! * ,e\ | ak¡ is the shadow price of quasi-

fixed input k, that is, the irnpact of a rniuginal increase in kr on variable cost;

ôc(w,k*,!* ,e.)/Ð, is the rnarginal variable cost of proclucing output yi: ancl

ôc(w,k*,!*,e.)lAq¿ is the rnarginal variable cost of proclucing one unit of supply

rnanaged output qe. Model (2.1) is useful in testing the hypotheses of static profit

lnaxitnization over outputs ancl of static resour'ce equilibriurn for quasi-fixed factols.

For the ernpirical analysis of the proposed hypotheses of st¿tic lesource and

product equilibriurn, a Translog fur-rctional fonn is postulated fol the inclustry sholt-r'un

cost function

Inc = ao + E"a"D' * Ll2E"E"a""D e D t (2.e)

where: p=(ln wt,...,In wN, ln kl,...,ln kR, In y',...,1n yt, ln qt,...,ln qt, t); c is total var-iable

cost; and t clenotes a titne trend intended as a proxy for technological change. Assurning

a hornothetic procluction function, Hicks neutral technical change coincides with shale

neufiality, charnbers (1988). Thus, the share neutrality condition ôlog s i (w,k,y ,q) I ôt -- o ,

whele s' is the share of input i in short run valiable cost, is equivalent to Hicks neutlality.

Furthennore, share-using and share-saving inpurs can be defined depending on whetherôlog si ¡ôt

10



is positive or negative respectively. Sholt run cost rninirnization irnplies, by Shepharcl's

lenrrna (2.2), the following conditional cost share equations fol variable inputs

sÍt = eiråo*D" (2.10)
i = 1,...rN

where sxi= wix7c. For quasi-fixed input kr, (2.6) and static cornpetitive equilibriurn irrply

the cost share equations

- skf = õInc(w,k,y ,q,t) | ôlnkf
= dN,f *Ðrdnt,foD" (2'11)

f =7,...,R

whele skr = wkrkTc. Also, cornpetitive equilibriurn for nonrestrictecl outputs yj ancl supply

managed products q" irnply, using (2.7) ancl (2.8), the following cost share equations

syr = ôlnc( w ,k,y ,q,t) | ôlnyi
= ay*R*¡ * àd"*"n rD " * ot=ryiri ypii ¡c Q.12)

j =1,...,M

sq" = ôlnc(w,k,y,q,t)lôl.rn.q"
= aN*R*M,, * à4rv*R*¡¿*rrD " Q'13)

e = Ir'..rL

whele sy' = /y'/c, sQ" = O't'q'lc respectively.

Parametric restrictions can be clefined for equations (2.10)-(2.13) depencting on the

behavioral assumption specified. The existence of a translog cost function (2.9) ancl short

run cost minilnization irnply the followirlg syrnrneÍy restrictions

11



arj = dj, i,i = I,...,N

on coefficients fol v¿uiable cost share equations (2.10). In aclclition, if the quasi-fixecl

inputs k are at their static equilibliurn levels, then the adclitional leciprocity restrictions

(2.14)

(2.15)

is at static cornpetitive

outputs (nonrestrictecl

aij= aj, if = l,...,N+R

are satisfiecl fol equations (2.10)-(2.11). In general, if the industr.y

equilibriurn for quasi-fixed inputs and profit rnaxirnization over all

ancl supply rnanagecl) then the full set of syrmnefiy restrictions

arj=aj, i,i = l,...rN+R+M+L (2.r6)

holds for equations (2.10)-(2.13). Such restrictions where constrained outputs are

explicitly incorporatecl in the static equilibrium conclitions of the inclusfi'y are not recog-

nized in either Moschini ol Lopez.

2.1.1 Hypothesis Testing

Two tests are conductecl: (1) Wald chi-square tests of symmeffy restrictions across share

equations that ale irnplied by static resource and product equilibrium fol quasi-fixecl

inputs ancl outputs; (2) Hausman specification tests of augmenting the share equations

(2.10) for variable inputs by appropriate first order conditions (2.11)-(2.13) fol static

equilibliurn fol quasi-fixed iriputs and outputs. The pararnetric resûictions (2.14)-(2.16)

are useful in testing hypotheses of static resour'ce and output equiliblium. The reciplocity

r'esfictions (2.14) irnplied by the existence of a short-run uanslog cost functio n (2.9) arc

tested as a necessary condition fol furthel analysis. Then, the additional symrnetr-y

restrictions (2.15)-(2.16) are pararnetrically tested for each quasi-fixecl input, noruestrictecl

I2



output, and supply managed product. The null hypothesis in this case is that the shale

equations for variable inputs (2.10) and particular first orcler conditions fol quasi-fixecl

factors (2.11)/nonrestricted outputs (2.12)lsupply rnanagecl outputs (2.13) are consisrenr

with a shoil lun Translog cost function and static competitive equilibliurn fol the quasi-

fixed inputs/nonrestrictecl outputs/supply rnanaged products. The alternative ploposition

is that equations (2.10) ate consistent with a short lun Translog cost function, but

coefficients of equations (2.ll)-(2.13) for quasi-fixecl inputs, nonrestricted outputs, and

supply managed ploclucts are independent of coefficients for all other equations in the

systeln.

This general fiamewolk provides a direct way of testing hypotheses (1.a)-(1.c)

described in Chapter' 1. To further evaluate these plopositions, we next delive Hausman

specification tests sirnilar to those introducecl by Hausrnan, (1978); Schankerman ancl

Naclili, (1986);3. To begin, suppose that fi',Ê, *" two estirnators of the coefficients (a,,

a,.) iri equations (2.10) for variable inputs, ancl that Êo ir uryttrptotically efficient anclB,

is consistent under an hypothesis Ho of cost rninimization for celtain quasi-fixed inputs

and/ol plofit tnaximization for some outputs; otherwise, only p., is consistent undel both

Ho and Hr. This in turn irnplies that fvar(þ) -var(Þo)llr positive sernidefinite under

Hn. The asyrnptotic covariance of Þo ancl rf = 0, - Êo ir "quul 
to zero under Ho ancl

' These tests have rnostly been applied to manufactudng related sectors. The only appiication
to agliculture is providecl by Coyle. These proceclures have not been appliecl to Western Canaclian
asriculture.
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var(q) =var(F) -varçÊ6),(Hausrnan). This leacl to a clirect test of Hn against a wicie

set of alternative hypotheses using the test statistic

M = grvar(Q)-t Q
(2.r7)

which is asyrnptotically distributed as chi-square under Ho. An efficient estirnatol F6 of

the coefficients of (2.10) uncler Hn can be obtainecl by estirnating equations (2.10) jointly

with the appropriate static corrpetitive conclitions (2.11) fol quasi-fixed inputs ancl/or

(2.12)-(2.13) for all outputs. An estitnator p, that is consistent uncler both hypotheses can

be obtainecl by estirnating equations (2.10) alone.

2.2 An Indirect Short-Run Utility Function with Stochastic Output Prices
Approach

The hypotheses put forwald in Chapter' 1 can also be evaluated undel a lineal mean-

variance utility function framewolk with stochastic output prices. The properties of this

lnodel are well known (e.g., Dhrymes; Robinson ancl Bany; Chavas ancl Pope). The

incolpolation of stochastic output prices into duality rnodels was filst inÍoclucecl by

Coyle. A velsion of this rnoclel incolporating restricted outputs is used to test the

plopositior-rs of static resource ancl output equilibriurn for quasi-fixed inputs and outputs

given stochastic prices fol nonresfiicted ploducts.

Let us start by assutning that all rnultiploduct finns that ploduce M nonlesfiicted

outputs by ernploying N variable inputs given R quasi-fixed inputs ancl L restrictecl

outputs face stochastic prices for their valiable outputs. All firms are pr'ice takels in both
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output ancl input mat'kets. Then a particular firm's short-lun utility rnaximization problem

can be defined as

uQ),w,vp,k,4) =-ax Ðf=piri -E[,p ix, -çu¡z¡ÐfrDf=]iriypti (2.1ti)
(x,ye7)

where u(p,w,vp,k,q) replesents the clual utility function; that is, the maxirnum feasible

utility given the exogenous variables p,w,vp,k,q. Utility is define here as in (2.5). It can

be shown that the function (2.18) satisfies the following standald properties (see Coyle

for ploofs)

2.2a u(.) is increasing in p, clecleasing in w and in elements of vp;

2.2b u(.) is linear hornogeneous in (p,w,vp);

2.2c u(.) is convex ir-r (p,w,vp); ancl

2.2d assurning u(.) is differentiable, then the first orcler conditions for an interior

solution to (2.18) imply

ôu(p,w,up,k,q)lõpi =yi*(p,w,W,k,e) j=1,...,M Q.19)

ôuQt,w,vp,k,q)lðwi=-xi*(p,w,W,k,e) i=1,...,N (2.20)

(Hotelling's lermna) where y/.(.) ancl xt-(.) are the optimurn levels of nonrestricted

outputs ancl variable inputs given k,q.4 The properties of the Hessian mafrix of u(.) ancl

linear homogeneity in (p,w,vp) irnply the followirlg symmetry resffictions fol utility

lnaximization

* The full set of first order conditions of (2.18) inclucle the paltial derivatives of u(.) with
respect to the elelnents of vp. These are omittecl for sirnplicity of presentation.
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Ayi.(.) I Aw i = - ôxi 
- 
O I Api

ayi. (.) | ôp' = Ay'. O I api
Axi.1.¡ ¡ Awi = 6*i. ç.¡ ¡ Awi

j =L,...,ìl
i = 1,,..rN

i,j =L,...,M
i,i = 1,...,N

(2.2t)

for a multiproduct finn. This set of conclitions should holcl simultaneously as well as

hornogeneity of degree zelo in (p,w,vp) of the delived supply ancl valiable demand

equations (2.19)-(2.20). To evaluate the static competitive equilibriurn levels of quasi-

fixecl inputs k and supply tnanaged outputs q, define the long ruli optilrlization problern

tt * 

Q),w,vp,w 
o,p \ = rira* uQ),w,tp,k,ù *E! 

= rp 
o t q t _E!= 

rw 
ki k i (2.22)

k,q -çu¡z¡E{=rDf=ûiyiwii

where ü"(p,w,rp,wr,pq) denotes the long-r'un optimum utility of a rnultiploduct film

giver-r the exogenous variables p,w,vp,*o,po. The first orcler conclitions for an intedor

solution to (2.22) are

ôuQt,w,up,k*,Ç1.)l ôki -wk¿ = 0 i=1,...,R (2.23)

ôuQt,w,up,k",8.)lôqJ +pei =6 j=I,...,L Q'24)

where asterisks denote the optirnum levels of the choice variables. The filst order

conclitions (2.23)-(2.24) can be defined as follows: ôuQt,w,ttp,k",e.)lAk denotes the

shadow value of quasi-fixed input k and inclicates a one-periocl inclease in utility

attainable if, holding restricted output quantities, prices, and variance-covariance of plices

constant, the quantity of quasi-fixed factor k is increased by one unit;
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ôuQt,w,vp,k*,Q.)/ôqdenotes the shadow price of supply rnanagecl cormnoclity q ancl

indicates a one-pedocl declease in utility if, holding quasi-fixecl inputs, prices, and

variance-covariance of prices constant, the quantity of restrictecl output is incleasecì by

one unit. If the inclustry is in static equilibriurn with utility rnaxirnization over all inputs

and outputs as in (2.2), conditions (2.23)-(2.24) are satisfiecl jointly with (2.21). Lr

particular', (2.24) provides a clirect way of testing whether the ex post long-run prices of

supply managecl products ane equal to their ex ante or mar'ket plices. A Normalizecl

Quadratic functional form is aclopted for the indushy short-run dual utility function to

evaluate the hypothesis of static resoulce and procluct equilibriurn fol quasi-fixed inputs

ancl supply managed outputs. This function is defined as

u = ao *E"aP' + U2Ð"E"a"P'D'

where D=lip'1.o,...,p*l*o;wr¡w4,...,wu-r¡*a'varQtr¡¡w4,...,var(p*)l*o;

YJ = aj *Ð"ar"Dt j =1,...,M

-Jci =dM*i*Ð"or*r,rD" i=1,...rN

covQti,p)lwa,i,j=1,...,M;k',,-.,k*;g1,.-.,eL;t).Short-r'un utility rnaximization ancl

Hotelling's leruna (2.19)-(2.20) irnply the following conditional supply equations for

nonrestrictecl output and variable input dernand equations

(2.2s)

(2.26)

The first order condition (2.23) ancl static cornpetitive equilibriurn for quasi-fixed inputs

k yield the ilrverse demancl equations
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- wkf = ôuQl,w,,tp,k,q) | ôkf
= aM *N *f + Ð"d¡4 *N *¡rsD 

s

For supply managed outputs, (2.24) and static utility

supply equations

pQ" = ôuQl,w,vp,k,q) | fu '
= oM *N *R * " 

* Era*, * rR*r."D "

f =7,..',R (2.27)

maxirnization irnply the inverse

e =Ir.--rL (2.28)

Given celtain behavioral assurnptions, pararnetric restrictions call be definecl for equations

(2.26)-(2.28). For instance, the existence of a Norrnalizecl Quaclratic function (2.25) and

short run utility maxirnization irnply the following reciprocity lesnictions

i,j=lr...rM+N (2.2c))

on coefficients for variable supply ancl input demand equations (2.26). Furthermore, if the

quasi-fixed inputs k are at their static equilibriurn levels, then the additional syrnmeü'y

restrictions

atj = dj¡

arj = aj, i ri =1,...,M +N+R

appiy to coefficients of (2.26)-(2.27). Finally, if the industry is at static cornpetitive

equilibriurn for quasi-fixecl inputs and utility rnaxilnization over supply managed outputs,

then the full set of svmmetrv lestrictions

(2.30)
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d,j= aj¡ i,i =I,...,M +N+R+I

are satisfied for equations (2.26)-(2.28).

2.2.1 Hypothesis Testing

Two different tests ale conducted: (1) Wald chi-square tests of the additional symrnetry

lestrictions (2.30)-(2.31) irnplied by static resource equilibriurn for quasi-fixecl inputs arìd

utility rnaxirnization over supply rnanaged oufputs; (2) Likelihood ratio tests of the sarne

propositions. The above parametric resÍjctions (2.30)-(2.31) provide clirect procedures for

testing the plopositions of static resoulce ar-rd output equilibliurn . First, the synuneny

resf ictions (2.29) irnplied by the existence of a sholt-r'un Normalizecl Quadratic utility

function (2.25) are initially testecl as a necessary condition for further hypothesis testing.

Seconcl, the additional syrmnetry resû'ictions (2.30)-(2.31) are parametrically tested for

each quasi-fixed input ancl supply rnanaged product. Under this frarnework, the null

hypothesis is that the variable output supply and input dernand equations (2.26) and

pafiiculal first orcler conditions for quasi-fixed factors (2.21) and restricted outputs (2.28)

ale consistent with a short-run Nolmalized Quaclratic utility function ancl static

cornpetitive equilibriurn. The alternative proposition is that equations (2.26) are consistent

with a short-run Nolrnalizecl Quadratic utility functiorl, however coefficients of (2.27) for

quasi-fixed inputs and (2.28) for'r'esh'icted ouþuts are inclependent of all othel coefficients

in the system.

To further evaluate the above hypotheses we next clerive Likelihood Ratio tests.

We st¿rt by noting that undel Ho, the symmefiy resfiictions (2.30)-(2.31) are satisfied, and

that under Hr (2.30)-(2.31) do not apply. Now, suppose that L, is the log of the likelihood

(2.3r)
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function obtained by rnaxirnum likelihood (ML) estirnation of equations (2.26) for

variable output supplies ancl input dernands jointly with particulal first orclel conclitions

from (2.27)-(2.28), and that the symrnetry restrictions (2.30)- (2.3I) are not irnposecl. L,,

is the log of the likelihood function derived by ML estimation of the same systern but

irnposing the symmetr'y restlictions (2.30)-(2.31). Then, the likelihoocl rario srarisric

LR =2 x [ln(21) - ln(¿o)] (2.32)

is asyrnptotically distributed as chi-square uncler Ho with degrees of freeclom equal to the

difference in free parameters between the two rrodels. L, ancl Lo can be obtainecl by

Itelative Zellner estimation which yields parameter estimates that are numerically

equivalent to those of the tnaximum likelihood estimator, Bernclt (1997, p.a$).

The hypotheses of static resoulce and oufput equilibriurn given the utility function

(2.25) can also be tested by Hausrnan specification tests sirnilar' to those derivecl in section

2.1.1.

2.3 A Nonstochastic Profit Function Approach

The resÍictecl dual profit function for a competitive rnultiproduct firrn can be specifiecl

AS

nQt,w,;k,q) = max Efr7ili - E[r, ixí'Fgt,x;k,q) 
= 0 (2.33)

)cJeT
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where n(p,w;k,q) denotes short run econornic profits i.e., total revenue less cost of

valiable inputs, F(y,x;k,q) is a continuous output ol tlansformation function. Note that

model (2.33) assulnes that expected plices are perfectly forecasted by falrnels. The

ploperties of the profit function ru(.) are well known (e.g., Varian; Chambers (1988))

given certain propelties of the underlying technology. Application of Hotelling's lernrna

yielcis the following optirnurn supply and clernand functions

ônQt,w;k,q)lðpt =yr*(p,w;k,q) j =1,...,M (2.34)

ônQt,w;k,q)l Awi = -xi*Q¡,w;k,q) i = 1,.-.,N (2.3s)

For quasi-fixed inputs and supply managecl outputs, the Envelope theolern provides

ônQt,w;k,q)l ôki = wki i=1,...ß
ônQt,w;k,q)¡¿qi = -Oei j=I,...,L

(2.36)

whele r¡A is the vector of rental prices for quasi-fixecl inputs, pq is the vector of fixecl

prices for resÍictecl outputs. The derived conditional supply and demand equations (2.34),

(2.35) can be ernployed to test for static profit rnaxirnizing behaviour. Linear hornogeneity

of the profit functiol'l ru(.) in prices and the ploper'ties of its Hessian rnatrix irnpiy the

following sytlxîetly resüictions for static profit maxirnization
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This set of conditions should holcl sirnultaneously as well as hornogeneity of clegree zelo

in plices for output supply and factor dernand equations (2.34), (2.35).

At the individual firm level, long run cornpetitive profit rnaxirnization implies a

solution to the following problern

ayi.Otawr = -ari.Olapi j=1,...,M
i = 1,...r1V

ôyi-(.)l apt = Ayt.1.7 ¡ ôpi ij = 1,...,M
ôxi.(.) | ôwi = 6ri rq.¡ 

¡ ðwi i,j =1,...,N.

n * Q),w,w 
k,p q 

) = ma* n Qt,w;k,q) * Ð!=, p o t q i - f,=rw 
ki 

lç t

k,q>o

(2.37)

(2.38)

wlrere TE* Q) ,u, ,v, r ,p ', )

conclitions for an interior

is the maximum long

solution to (2.38) ale

run profits attainable. The filst order'

ðnQt,w;k",q.)lôki - wkt =O i=L,...,R (2.3e)

ônQt,w;k",q.)lôqi + pei =g j =I,-..,L (2.40)

where asterisks inclicate the optirnum solutions. These clerivatives of the profit function

catr be interpletecl as follows: ôrcQt,w,k.,q)lôki is the shaclow value of quasi-fixecl

input ki i.e., the irnpact of a marginal increase in ki on variable pr.ofits;
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ônQt,w,k*,q*)lôqr is the shadow plice of supply managecl output { or the rnarginal

irnpact of a one unit increase in { on variable profits.

To evaluate the hypotheses of static lesource equilibrium ancl profit maximization,

we assume a lestricted Translog functional form for the indusfiy short r'un profit function

specifiecl as a second-olclel Taylor's selies approxirnation

lnæ = ao + E"a"D' * 1.128"Ðra"rD" Dt

where: ¿=(lnw1,...,hw";lnpt,...,hp M;lnkr,...,lnkR;lnqt,...,lnqL,t), rE is shor.t lun

v¿riable plofits, and t denotes a time nend intended as a proxy for technological change.

Short run profit rnaxitnization irnplies, by Hotelling's lernma (2.34)-(2.35), the conclitional

revenue ancl cost shale equations fol valiable outputs and inputs respectively

o 4t\

(2.42)

(2.43)

whele s.ty r =p ryrltr, J'.ç.T'=l4r 'x'ln. Fol quasi-fixed input kr ancl supply rnanagecl output

q", theoretn (2.36) and static competitive equilibrium irnply the share equations

ssyJ = aj +Ð"a,"D" i =1,...,M
.s.sf i = -(du*r* E"ar.r."D") d = 1,...,N

ssk/ = ðlnn Qt,w, k, ò | Alu,kr

=LM*N*¡ +Ðra***r"Dt .f =Lr.."ß
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- ssø " = ô[l'n Q),w,k,q) | ôlnq "
=aM*NrR*"*àot*"***r."D" e=Lr"'rL

o 4a\

where sskf =wkfkf ln, ssQu=p'toq"ln. Yarious cross lestrictions can be clefinecl for

equations (2.42)-(2.44) depending on the behaviolal assurnptions. The existence of a short

run Tlanslog plofit function (2.41) and static profit maxirnization irnply the syrmnefl'y

resnictions

arj = dj, i,j =I,...,M+N () ¿"\\

on coefficients in equations (2.42). In acldition, if the industry is at static cornpetitive

equilibriurn for quasi-fixed inputs ancl there is plofit maximization over suppty rnanagecl

outputs, then the full set of symrnetry restlictions

arj = 4j, i,i =I,...,M+N+R+I (2.46)

apply to coefficients for the cornplete systern (2.42)-(2.44).

2.3 .l Hypothesis Testing

Two types of tests are conductect: (1) Wald chi-square tests of the aclditional symrnetry

resffictions that ale irnplied by static resource equilibriurn and profit rnaximization; (2)

Likelihood ratio tests of augmenting the share equations fol valiable outputs ancl inputs

(2.42) by appropriate first order conclitions (2.43)-(2.44) for static resource equilibriurn

and profit maximization. The sfiuctural equations (2.42)-(2.44) plovide useful paramefljc
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tests for' a variety of hypotheses. A pafticulary important test is whether a resûictecl

Tlanslog plofit function (2.41) is consistent with staric equiliblium ancl pr.ofit maxirniza-

tion' Also of inter'est is the hypothesis of inclependence between the coefficients of the

variable output and input equations (2.42) ancl those of quasi-fixecl inputs (2.43) or- supply

marraged outputs (2.44). This is a valuable test because of the assurllption of static

equilibliurn with lespect to some variable inputs conclitional upon the observecl levels of

quasi-fixed factols, Squires (1987, p.559). We note that acceptance of the filst hypothesis

shoulcl be interpr'eted as acceptânce of a short run Translog profit function, static

equilibr'iurn and profit maximizing but not as acceptance of profit rnaximizing behaviour

as opposed to a broacler set of plopositions. The seconcl hypothesis can only test for the

itrternal consistency of quasi-fixecl inputs ancl supply managecl outputs in the context of

static colnpetitive plofit rnaxirnization. It is irnpoltant to keep these points in mincl when

iutelpreting the results of these tests. Also, note that all of the tests in this section ar-e

conductecl assuming all plices (output and input) are nonstochastic as opposecl to those

tests in section 2.2.1.

Evaluation of our hypotheses against a bloader set of alternatives requir-es the

folrnulation of likelihood ratio tests of these propositions. Suppose that L, is the log of

the likelihood function obtained by rnaxirnurn likelihood (ML) estirnation of equations

(2.42 ) for varjable output supplies and input demands jointly with particular first orcler-

conditions (2.43)-(2.44) for quasi-fixecl inputs ancl resn'ictecl outputs. Syrmnetry

resftictiolis (2.46) are not irnposed. Lo is the log of the likelihoocl function clerivecl bv ML
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estimation of the same systern but irnposing the aclclitional symmetry restrictions (2.46).

Then, undel H,, the likelihood ratio statistic

LR=2+[1n(I1) -ln(¿o)] (2.47)

is asyrnptotically distributed as chi-square with degrees of freedorn equal to the difference

in fi'ee parameters between the two rnodels. As in section2.2.I, L, and Lo can be obtained

by Iterative ZeIIner estilnation.
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Chapter 3. Data Source and Transformations

A brief cliscussion of the data source ancl generation is ploviclecl in this Chapter-. The

ernpilical illusfration of models (2.1), (2.18), and (2.33) is conclucrecl with annual clara,

196l-84 fol Western Canaclian agriculture, obtainecl frorn Agliculture Canacla ancl Coyle.

This data inclucle plice and quantity for' all crops and livestock ancl Divisia inclexes for

four input categories (crop inputs, energy, capital services, ancl fann pr'oclucecl clurables).

Other inputs include prices ancl quantities for farrn hilecl labour ancl fann lancl ancl

quantities fol farm farnily labour. The following Divisia quantity inclexes were

consûuctecl: (1) for dairy output (indusfiial milk, home clairy proclucts); (2) for poultry

output (chicken, turkey, eggs); ancl (3) for iivestock input (feecl, veterinary ser-vices, feecler

cattle and hog). Lnplicit Tornqvist price indexes were calculatecì for these commoclities

using the following formula:

(3.1)

whele:

F = irnplicit output price inclex.

= totâl levenue (only outputs inclucled in the inclex).

= quantity inclex of output.

= irnplicit input price index.

P =fryV
W = TCIX

TR

T

w
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TC

T

= total cost (only inputs includecl in the inclex.

= quantity index of input.

Capital setvices, falrn proclucecl clurable, land, and family labour are assumecl to be quasi-

fixecl; that is, these inputs ¿ìre not easily adjustecl from one periocl to the next. The other

itiputs (e.g., clop input, livestock input, hiled labour, and energy) are considered valiable

in the short run. It is irnpoltant to note that this classification apply for the lrìacro industry

(i.e., Westem Canadian Agriculture) as opposecl to indiviclual fanns. The outputs are

glouped into two rnajor' categories: variable outputs (crops and livestock) and supply

rnanaged proclucts (poultry and dairy).

Time sedes apploxirnations of the price valiances fol crop and livestock oufputs

were calculatecl as in Chavas and Holq Coyle (1992):

var,(pt) = 0.50(ia i-, * pià'+ 0.33 (pl-, - p,'_r)t

+ o.tj (pti_t - pi_ù,

i = 1,2 (crops,livestock)

that is current valiance equals the surn of squares of predictions orrors of the previous

tlu'ee yeals, with declining weights 0.50, 0.33, and 0.17. The covariance of clop and

livestock prices was calculatecl in a sirnilar lranner:

(3.2)

| 1 ''rl

cov,(pi,pi) =0.50(p,'_r - piì@l_, - p!_r)

+ 0.33 (p,,_" _ pi_)@l_, _ pl_r)

+ o.t7 (pi_z _ pi_ò@!_, _ p!_o)

i -- croPs, i = livestock

The final data set utilizecl in the ernpidcal application is provided in the appendix.
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Chaptet 4. Empirical Analysis

In this chapter, the theoretical rnodels (2.1), (2.18), ancl (2.33) are appliecl ro rhe

agricultural sectol of Western Canada. The ernpirical application ancl lesults of the cost

function apploach are presented first, followed by the indilect utility function frarnework.

This chapter ends with the ernpirical application and results of the cleter'rninistic plofit

function approach.

4.1 Short-Run Cost Model

Fol ernpirical irnplernentation of model (2.1), three different specifications aïe assurnecl

fol Western Canadian agriculture. These inclucle a Translog, Generalizecl Leontief, ancl

Norrnaiizecl Quadratic functional forrns.

4.1 .l A TransLog Cost Model

Given the short-run translog cost function (2.9), hornogeneity of clegree one of the cost

function in prices is irnposed by norrnalizingthe price of energy, i.e., clivicling the pr-ices

of clop inputs, livestock inputs, and hired labour by the plice of energy. Shepharcl's

lemna and CRTS irnply the following variable factor demancl equations for this sector
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sx I = a, + a r rln(w I I w4) * a t zb(w2 | w4) * a r rln(w 3 | w4)
* atrlrr(kUk4) * aßln(kzlk4) + arclr¡¡(k3lk4)
+ anlîOllk4) + aßln94k4) * argt
+ brrln(qllk4) + brrln(q2lk4) * bßlnk4

sx2 = a, + aztln(w I lw4) + arrln(w2lw4) + arrln(w3 lw4)
* azrlfl(kLlk4) + azswk4k4) * a26lf¡l(k3lk4)
+ azTlnjUk4) + azshjzlkÐ * azgt
+ brrln(qllk4) + brrln(q2lk$ * bzslnk4

sx3 = a, + ar rln(w I lw4) * aszln(w2lw4) * arrln(w3 lw4)
+ ai4lrr(kLlk4) * a3shL(kzlk4) * ai6lrn(k3lk4)
+ a3ilrr(yUkÐ + a3yh04k4) * asst
+ brrln(qLflc4) + brrln(q2lk4) * bsslnk4

(4.1)

where:

sxl = w1xl/c, shale of crop inputs in variable cost.

sx2 = wZxZlc, share of livestock inputs in valiable cost.

sx3 = w3x3lc, share of hired laboul in valiable cost.

w1 = price index for crop inputs.

w2 - price index fol livestock inputs.

w3 = wâBes of farm hired labour.

w4 = price of energy.

kl = farm capital machinely.

k2 = fam procluced capital.

k3 = falrn lancl.

k4 = failr farnily labour.

yl = quantity of crop output.
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y2 = quantity of livestock output.

ql = dairy products.

q2 = poulny products.

Constant returns to scale can be evaluatecl by testing the palarnen'ic resmictions

br3=br,=b33=0 in equations (4.1). The symmetry restrictions impliecl by the integrability

of equations (a.1) are defined here as

atz = dzt

Qtz = ast

Qzz = Qi2

(a )\

The cost share equations for quasi-fixed inputs given (2.11) and the filst older

conditions (2.6) ae

ski = -(a¡,r + ai*3, iln( w | fu, + ar,r,rln(w' | *o) * a, *r,rln(w3 ¡w4)

*fi=td¡*t,¿ln&ift\ *ai*s,th}'lko) * ar,r,rln6t2¡k4¡ (4.3)

+ d¡*s.st * br*r,rh(q'lkn) n br.r.rh(q'lko) * cr*rlnka)

wnere:

i - 1,2,3 (farn capital rnachinery, fann produced durables, fann land).

ski = wkikTc.

Fol crop and livestock outputs, (2.12) and the first order conditions (2.7) fol static

equilibliurn irnply the following cost shale equations

s!' = ai *6 + ør*u, rln(w' l.o) * a, *u,rln(wz lwo) * o r*u,rh(wi lw4)
* fi= ra, * e Í*lrl& I k\ * d, 

* ø,rh(!' I ko) * a,.u,rln6t 2 
¡ k4¡

* o,.u,nt *"4x.rh(q'lk\ * iuo¿t,rlq"¡lr1 * ,r*l*+ Ø'4)

+ c¿ [(] i)varç i¡ + y i coulp.t,p j )l * p i 
I c

J+r
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wnere:

i - 1,2 (clop oufput, livestock oufput).

sy' = p'yilc.

p' = price index for crop output.

p' = price inclex for livestock output.

var'(p') = variance of nonrestrictecl output prices (clops, livestock).

cov(pt,p2) = covariance of crop ancl livestock output prices.

The shadow price conditions (2.8) irnplied by static cornpetitive equilibriurn over

supply rnanaged products (dair'y, poultry) and equations (2.13) give the following cosr

shale equations for resfiictecl cornmoclities

sq i = cl¿*s + dr**, rln(w 
t 
| *o) * ønr,rln(w2 lw4) * ar*r,r¡nçw3 ¡w4)

*\=rat*t¡'ln(kiß\ * aue,tb(y'lko) * a*r,rln6t2¡k4¡ (4'5)

+ ai*E,st * br*e,rh(q'lko) * bur,rh(q'lka) * cr*rloko

where:

i - 1,2 (dany, poultry).

sqi = pqiqTc.

pn' = plice index for clairy output.

p" - price index fol poultry output.

4.1.2 A Generalized Leontief Cost Model

If a short-run Generalized Leontief cost function is assumed fol the agricultulal sectol of

Westeln Canada, then the following variable input dernand equations ale clerived given

Shephard's lemma and CRTS
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)cI I k4 = et | * a rr(w2 | w l)tt' * arr(r3 | w l)uz * a ru(w4lw 1)Ltz

* øts(kUk4) * aß(k4k4) * an(k3lk4)
+ arr(tLlk4) + arnQ2lk4) * bt(qllk4)
* bn@4kÐ * brtt

x2lk4 = arr(w I lw2)tl' * ar, * arr(w3 lw2)u2 * az¿(w4lw2)uz
* azs(kllk4) * az6(k2lk4) * a27(k3lk4)
* azajllk4) + a2sj2lk4) + brr(ALlk4)
+ brr(a2lkÐ + + bzzt (4.6\

x3 | k4 = ar r(w I lw 3)'t' * ag z(wàl w 3)u2 * ds 3 * a, o(w4lw3)u2
* a3s(kUk4) * a36(k2lk4) * a37(k3lk4)
+ a3,Ullk4) + arr02lk4) + brr(AllkÐ
+ btr(ø2lkÐ * bstt

x4lk4 = anr(w1lw4)tl' * aor(*21w4)u2 * a¿s(w3lw4)',2 ¡ a44

* a4s(kUlc4) * a46(k2lk4) + a47(k3lk4)
+ aorjllk4) + a4s02lk4) * b¿t(qllkÐ
+bor(ø21k4)++b¿{

where:

xllk4 = normalizecl demand for crop inputs.

x2/k4 = normalized demancl for livestock inputs.

x3lk4 = nollnalized dernand fol hired labour.

x4/k4 = normalizecÌ demand for enelgy.

Note that (4.6) is consistent with a short-run cost function whele c/k4 is Genelalizecl

Leontief in w and c is linear hornogeneous in (k, y, q). The normalized dernands for

quasi-fixecl inputs k, variable outputs y, and supply rnanaged products q can be derivecl

by sirnilal procedures as in section 4.1.1.
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4.1.3 A Normalized Quadratic Cost Model

Alternatively, a short-r'un Nonnalized Quadratic cost function can be acloptecl for this

indusû'y. Shephard's lemrna ancl CRTS yielcl the following variable input clernancl

equations for this sector'

xl lk4 = dr * arr(w1 lwÐ * an(w2lwÐ * at{w3 lw4)
* at,(kllk4) * aß(k2lk4) * aro(k3lk4)
+ an9llk4) + arr02lk4) * etgt
+ brr(øI1k4) + brr(ø21k4)

x2 | k4 = dz * ør r(w I I w4) + arr(w} | w4) * azz(w 3 | w4)
+ az4(kUk4) + a2s(kzlk4) * aru(k3lk4)
* ar.,\Ilk4) + a2,O2lk4) * azgt Ø'7)

+ brr(øIilÐ + brr(A2lk4)
x3 lk4 = e3 * ar r(w I lw4) + azz(w2lw$ * aß(w3 lw4)

* aj,(kllk4) + a3s(k2lk4) * aro(k3lk4)
+ a370Uk4) + a3s12lk4) * agst
+ brr(qllk4) + brr(ø21k4)

where:

xIlk{ = normalized dernand for crop inputs.

xZlk{ = normâlized clernand for livestock innuts.

x3lk4 = norrnalizecl clemancl fol hilecl fuUour.

Systern (a.7) is in accordance with a short-run cost function where clw4k4 is quachatic

in (wN'/w4) ancl c is linear hornogeneous in (k, y, q). The full set of clemand ancl supply

equations for this sector ar'e derived as in the above Translog rnoclel.

4.1 .4 Empirical Results

Fot ecouotnetlic purposes, stochastic randoln errors are attached to all equations in tlie

three specifications. These errols are assumed to be aclclitive and normally clistributecl with
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zero lnealls and positive selnidefinite and contemporaneous variance-covadance lnatrix

CI. These distulbances could sirnply leflect optirnization errors on the part of producers

or', producers coulcl be envisaged as cliffeling from each other according to paralneters that

are known by the manager of the finn but not observable in the aggregate. These film

effects can manifest themselves as random parameters in the Translog, Generalizecl

Leontief, and Normalized Quadratic cost functions and as additive disturbances in the

variable demand systems (4.1), (4.6), and (4.1).

Tables 4.1-4.3 report results obtainecl by iterative linear thlee stage least squares

(I3SLS) using Shazan 6.2. Nonrestricted outputs (crops and livestock) ancl quasi-fixecl

inputs ale fteated as endogenous variables in the above cost shale equations. That is,

proclucels simultaneously choose the amount of inputs (var'iable and quasi-fixecl) usecl ancl

the level of nonlestrictecl outputs produced in each tirne periocl. The set of instrurnents

inclucle logarithrns of an inclex of Canadian falm input prices, a time fend, current

quantities of supply rnanaged oufputs, lagged quantities of quasi-fixed inputs as well as

nonnalized prices of valiable inputs, quasi-fixed inputs, ancl nonrestricted outputs. Even

though the symmetry restrictions (4.2) irnplied by the integr'ability of the derived dernand

equations for variable inputs and static cost minirnization are not rejected in the Translog

and Normalized Quaclratic specifications (see Tables 4.1-4.3) at the 99 pelcent sigr-rificant

level, the Translog provides a better fit of the clata. This is indicated by the significance

of the estirnatecl own-price pararnoters (alI, a22, a33) in all thlee equations iu Table 4.1

as colnpared to those in Tables 4.2 and 4.3. Also, the Durbin-Watson statistic for the

Translog equations do not show any autocorelation problems while those of the livestock
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clemand equation for the Generalized Leontief (GL) and Normalized Quaclratic (NQ)

functions show sotne potential autocouealtion problerns (Tables 4.1,4.2). Due to this

potential lack of fit and/or specification ploblern shown by the GL ancl NQ forrns, further

analysis and hypothesis testing is conducted with the Translog specification.

Table 4.1 reports estitnates of the normalized cost share equations for valiable

irrputs (4.1) obtained by I3SLS using Shazarn 6.2.In the r'estricted moclel, the syrnrnetry

lestrictions al2=a27, a73=a31, a23=a32 are irnposed. Wald chi-squale test of these

resfictions ate conductecl. These are not rejected at the 99 percent level of significance.

Acceptance of the symmeûy restrictions (4.2) as noted earlier, irnplies both existence of

a short-run Translog cost function; that is, the derivecl demand equations for variable

inputs (4.1) can be integrated up to a sholt-run Translog cost function (Hulwicz ancl

Uzawa) and first older conditions fol static cost minirnization. The lestricttons aI}=a2l-

al3=a31, a23=a32 are maintained in subsequent estirnations and tests in this section so

that all test lesults in Tables 4.4-4.6 are subject to the existence of a short-r'un Translog

cost function.
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Table 4.1 13SLS Parameter Estimates for Translog Cost Model: Derived Cost Sh¿ue Equations for
Va:'iable Inputs (Crop, Livestock, and Hired Labour) in western Canadian Agrìculture,
I96t-84.

F
Pararneter 11sntnate I -R.1tro h,sûlnate 'l--IùLtio

AI
all
¿tl2
a13

tt14
aI-5

a16
ttlT
a18

a19

bl1
bt2
(LL

tt21

¿t22

zt23

rA4
',125

a26
tr27

tA8
',ì29

b2l
b22
¿t3

¿r3l
tt32
a33
a34
a3,5

a36
a31

a38
a39
b31
b32

-z.o-ìJJ
0.12-s-5

0.0801
-0.1022
0.0693

-0.0198
-0.1921

-0.0018
-0.0912
0.22s8
0.1293
0.1102

-0.3219
-0.0129

0.02-s 1

0.002_s

-0.0014

0.0056
-0.0244

0.0022
0.0001
0.0136
0.0138
0.0019
4.9604

-0.13 16

-0.0932
0.2121

-0.0336

0.0303
0.2474

-0.01-s l
0.2145
-0.2662
-0.r184
-0.3064

r.o /
2.30
2.05
2.38
1.79

0.38
1.98

0.08
0.14
2.38
1.61

t.69
2.74
3.r9
8.68
0.77
0.47
1.45

3.39
1.35

0.0r
r.92
2.32
0.39
1.8-s

1.42

t.4l
2.92
0._51

0.34
i.-s I
0.41

1.03

r.66
1.31

2.77

0.4281
0.t6c)7

0.0323
0.0280

-0.0394

0.0165
-0.097s
0.0804

-0.0401
0.1215

-0.2790
-0.0104
0.022"1

-0.0026

0.0057
-0.0207

0.0027
0.0001
0.0102
0.0108
0.0034

-0.0646
-0.1211
0.0016
0.2180

-0.0066
-0.0710

0.0631
-0.0308

0.2285
-0.08-s6

0.0712
-0.2198

o.q r
0.4-5

0.39
0.64
0.70
0.19
0.59
1.87

2.38
2.74
8.s6

0.9-s

t.4l
2.94
1.72
0.01
l.4l
1.86

0.12
0.03
2.38
0.51
2.57
0.11

0.76
0.40
0.73
0.99
0._50

0.64
2.65

0.21
4.30

Durllrn-Watson Durbin-Watson
1.91

2.08
2.r0

z.7u
2.07

^ 
tÀ

L. t+

SXl
SX2
SX3
lest oI Symmetry Reslrrctlon:

x2 = 10.91 x2(3).ee = 11.34

SXl = Crop Inputs; SX2 = Livestr¡ck Inputs; SX3 = Hired Labour
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Table 4,2 I3SLS P¿u¿uneter Estimates for Generalized Leontief Cost Model: Western C¿ulaclian
Agriculture, 1961-84.

Palarneter Estrrnatc I -R.'ìllo L,strrnate l'-IÙttro

¿r1 I
¿tLZ

a13

¿t74

a15

al6
¿tl7

al8
a79

bl1
b12
b13
.,al

a22
a23

a24

?125

it26
ztZl
a28
zt29

b21
b22
b23
a3l
a32
a33
a34
a3-5

tt36
a3l
a38

¿t39

b31
b32
b33
a4l
',142

',43

ir44

tt45
¿t46

¿t4l

a48

¿t49

'¿.66

L.JJ

3.62
2.57
1.70

1.52

1.66

r.16
1.58

0.33
1.88

3.44
0.23
0.02
0.30
0.29
1.30

r.65
t.33
r.41
0.2r
1.45

I .tl:)

0.12
0.19
1.08

0.57
1.99

1.3 9

0.76
4.16
¿-t) |
t.64
0.46
0.16
1.61

2.52
1.44

3.18
0.88
1.71

r.02
5.13
1.9-s

1.23

38

o.so
1.78

2.42
t.-5 1

2.18
0.11
3.62
3.45
1.06

'_:*

2.13
1.34

t.52
1.39

0.79
0.93
2.49

0.11

3.77
0.-s_s

0.03

0.75
1.27

2.43
3.41
2.r4
2.83
r.02
3.48
¿.t)+

0.88
3.31

r.34
1.08

0.82
5.83

r.l2
0.78

-U.¿I I¿
0.041r
-0.1452
0.1030
0.8264

- r .6133

0.968,s
-0.0001
-0.0034E-03

0.00308-05
0.00178-02
0.0083
0.0007

-0.00198-02
0.0004
0.0004

-0.0087

0.0240
0.0109
0.0011E-03

-0.00668-06
-0.00r8E-06
0.00218-04

-0.004rE-03
-0.0387
-0.0-521

-0.0637

0.2062
-1.7635

1.9608

6.3146
-0.0003
-0.0094E-03
-0.00988-05
-0.0018E-02
0.0092
0.1114

-0.01-s6

-0.0791
0.03-s9

-0.s307
-0.6880
2.2446
0.0073E-02

-0.0018E-03

-0.0t{tJ3

o.iìeo
-1.90-s4

1.3326
-0.0089E-02
-0.0052E-03

0.0054E-0s
0.0028E-02
0.0075
0.0021

-0.0012

-o.ol+s
0.020-s

0.0131
0.0011E-03

-0.00268-0s
-0.00128-06
0.0032E-04

-0.0038E-03
-0.1378
0.0008
0.0031

-0.8482

2.9138
3.9704

-0.000-5

-0.001-sE-02

0.0049E-04
-0.00228-02
0.0206
0.0568

-0.0012
-0.0766

0.0-532

-0.2630
-0.5139

2.0605
0.0061E-02

-0.0012E-03



'lable 4.2 Conúnued

No Syrrmetry Syrnmetry

-B,strmate 'l -lutro Esúmate T-Td'úro

b42
b43

0.0036E-02 -s.9-s

-0.0042 2.18
0.0031E-02 6.20

-0.0036 2.61
Equanon
xIk4
x2ß4
x3k4
x4ß4

lJulbrn-Watson
1.96

2.19
t.l9
2.03

l)urbrn-Watson
r.73
¿.o¿

t.32
2.r0

lest ot sylnrnetry Restllctton:
-?-oeoo

x'(ó).ss = 12.58; x'(6).çs = l6.tì1

Xl/K4 = UrOp rnputs; x
x4/k4 = Energy
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Table 4.3 I3SLS Parameter Estimates for Nonnalized Quad¡atic Cost Model: Western C¿ulaclian
Agriculture, l96l-84.

P¿u¿uneter bstrmate I -Ríìtr0 -h,sIrnate 'I'-Iùrtro

al
all
tt[2
¿tl3
¿tl4
al-5

al6
¿tIJ
al8
a19

bl1
b12
aZ

ztZl

a22
tt23

î124

^25a26
it21
',128

zt29

b2l
b22
tt3
tr3I
tt32
¿t33

zt34

a35

a36
a31

a38
a39

b31

b32

-u.ut)t)4
-0.0415

0.0073
-0.0599

0.8008
-0.9363
1.4501

-0.0002
-0.0062E-03

0.0103
0.0024E-0-5

0.0016E-02
-0.0001
-0.0069E-02
0.0011E-03
0.0001

-0.009_s

0.0192
0.0096
0.00128-03

-0.001sE-05
0.0039E-03

-0.0014E-06
0.002,sE-04
0.0932
0.006s

-0.0093
-0.0409
-1;7778
1.3103

5.8212
-0.0003
-0.0046E-03

0.0062
-0.0018E-04
-0.0019E-02

l.9 t
t.26
2.21
2.59
l.38
0.73
1.61

2.17
1.88

J.t I
0.22
1.43

0.19
0.15
0.02
0.33
1 .1_s

1.06

0.75
r.3 5

0.32
0.09
092
1.62

0.13
0.08
1.18

0.73
1.25

0.42
2.65
1.83

0.57
0.93
0.68
0.12

I,I6
0.-54

o.õr
0.68
3.30
2.18
z.2l
2.76
0.95
)4)
0.05
0.31
0.54

1.54

0.92
1.09

r.49
0.43
0.21

1.19

1.94

0.4-s

3.3-5

0.0-s

0.11
0.55
0.82
2.21
2.59
0.29
r.75
0.06
t.82

-0.0ó53

0.0136

-0.õoas
-0.9981

2.6825
-0.0002
-0.0082E-03
0.0076

-0.0097E-0-s

0.0027F-02
-0.0043E-02
0.0002

-0.0024E-02

-0.0t27
0.0169
0.0140
0.0013E-03

-0.0021E-0-s
-0.00828-03
-0.0018E-06
0.0030E-04
0.0549
-0.0782
0.00r_sE-02

-0.0089

-0.6194
2.0t23
4.1815

-0.0003
-0.0024E-03

0.0105
-0.001-58-0-s

-0.0038E-02
t1quanon
xl/K4
x2lk4
x3/K4

IJurbm-Watson
2.09
2.11
1.92

Durtlin-Watson
r.99
2.78
1.88

'l'est of Symmefry Restriction: x'(3).çs = 7.B1
x2 = 6.85 x'(3).çs = 77.34

XUk  = Crop Inputs; XZk4 = Livestock Inputs; X3ß4 = Hired Labour



Tabie 4.4 reports sirnilar chi-squale test results of the symmefiy restlictiolìs

irnplied by long-run cost tninirnization ancl static equilibriurn fol various combinations of

quasi-fixed illputs and outputs. For exarnple for clop output y1, variable input equations

(4. I ) are estirnatecl j ointly with the equation for share sy I (4.4). These tests are concluctecl

with and without output price uncertainty. Given the Tlanslog cost function (2.9), static

cornpetitive equilibrium behaviour for y1 irnplies the reciprocity restrictions a18=a81,

a28=a82, a38=alJ3. Hence the results in Table 4.4 inply rejection of static equilibliurn for'

cl'op output at both the 95 ancl 99 percent significance levels. However for livestock

output, rejection or acceptance of this hypothesis depends on the absence or plesence of

price risk. Results of Table 4.4 also suggest acceptance of static plofit maxirnization for'

daily ancl poultry ouþuts respectively. Static resource equilibliurn is lejectecl fol falrn

rnachinely at the 95 percent significance level but accepted for fann procluced capital ancl

lancl. Even though these tests ale acceptecl fol incliviclual quasi-fixed inputs and outputs

overall, the hypothesis of static resoulce and output equilibriurn is lejectecl fol Westeln

Canaclian agliculture over the period 1961-84.
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Table 4.4

Input/Ouçut
in
Equilibriurn

x2 Satis¡ic

Walcl Chi-Square Tests of Syrnrnetry Resffictions for Long-Run Cost
Minimization and static Equilibriurn in westeln Canaclian Agricultule,
I 96 1 -84.

Number of
Syrnrnetry
Resriction(s)

Critical Region

CRA No CRA x2(s).es x2(s) rn

k1

k2

k3

k1,k2

k2,k3

k1,k2,k3

y1

yZ

ql

qZ

kl,vl

kl,v2

k2,vl

k2,v2

yl,yZ

y7,y2,ql

y7,yZ,ql,cyL

yl,y2,c¡1,q2
kl

yr,y2,q1,qZ
k1,k2,k3

20;7^,n

23.3,n

136"'n

19.1"'t'

79.9",b

24.5"b

101"'b

122^,b

139"'b

20-5"'n

1762'b

8.9-5"

0.1r

7.6r

31.24^,6

24.09^,b

727.6^.',

51.19\b

0.07

4.16

1.99

119^'b

34.12'b

200.1"'b

9.86

134.5 ,6

1g3.5nb

237.3^,',

375.8nb

128_5^,"

7.81

7.8r

7.8 r

14.06

t4.06

2t.02

7.81

7.81

1.81

7.81

r4.06

14.06

14.06

t4.06

14.06

2r.02

28.86

31.65

-s8.12

3

3

3

7

7

t2

3

3

3

3

7

l
7

1

1

l2

18

25

42

rr.34

11.34

r1.34

18.47

18.47

26.21

tt.34

tl.34

11.34

tI.34

18.41

18.41

t8.41

18.41

18.47

26.27

34.80

44.31

66.20

^Statistically significant (equilibrium rejected) at -5 percent.

"Statistically significant (equilibriurn rejected) ar 1 percent.

k1 = f¿u'm machinery; k2 = fann produced capital; k3 = fann lancl;
yl = crop output; y2 = livestock output; ql = daily products;
q2 = poulûy products.
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Hauseman specification tests of static farm resource and ploduct equilibriurn given

a short-lun Tlanslog cost function are reportecl in Table 4.5. These chi-square statistics

ale calculated by cornparing the iterative thlee stage least squares estimates of the

coefficients for variable inputs (4.i) in two rnodels. In the first rnodel, equations (4.1) rue

estilnated independently of other equations and in rnodel two equations (4.1) are estimatecl

jointly with various first ordel conclitions florn (4.3)-(4.5). All symmetry lestrictions are

irnposed in both rnodels. Results frorn Table 4.5 again indicate acceptance of static

resource ancl product equilibriurn for inclividual quasi-fixed inputs and outputs. However

the overall acceptance or rejection of this hypothesis for the whole inclustry clepend

entirely on the assumptiou of output price lisk.

The hypothesis of dsk neuf ality was evaluated by testing whethel c =0 in the

equatiotls for clop and livestock outputs (4.4). The adclitional symmefiy lesffictions

itnplied by static cornpetitive equilibrium fol these outputs were itnposecl. A positive

estitnate was obtainecl for alpha with a t-ratio of 2.02. Thus, risk neuftality is lejectecl in

favour of risk aversioli at both the 95 percent significance level.
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Table 4.5 Hausman specification Tests of First order conditions for Long-Run cost
Minimization ancl Static Equilibriurn in Westeln Canaclian Agriculture.
t96r-84.

M
Inputs/Outputs
in Equilibriurn CRA No CRA

k1

k2

k3

kl,k2

k2,k3

k7,k2,k3

yI

y2

q1

q2

k1,y1

kl,y2

k2,yl

k2,y2

yr,y2

yl,y2,q2

yl,y2,q7,q2

y7,yZ,ql,q2,kl

y7,y2,ql,q2,kl,k2,k3

6.l0

1.24

-58.03

-0.02

2.55

2.41

6.41

2.45

36.13

72.60

r 16.00

4.91

0.55

1.89

24.18

1.52

27.80

38.15

0.87

6.84

0.68

2.89

22.15

24.r1

8.92

56.43

34.06

r58.42

44.28

-436.32

Critical region: x'133¡.n, = 46.79;

kl = farrn rnachinely; k2 = falm
yl = crop output; y2 = livestock
q2 = poulúy proclucts.

x'133¡nn = 53.48

produced capital; k3 = fann land;
output; q1 = dairy products;
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Tests of CRTS and Hicks neuffal technical change are also conductecl. Constant

returns to scale was evaluated by testing whether the coefficients b13, b23, b33 it't

equatiotls (4.1) ale all equal to zelo. This hypothesis is not lejected at eithel the 95 or 99

percent significance levels in Western Canadian agriculture fol the sarnple period. Then

a chi-square test of the hypothesis of Hicks neuffality (interyreted as neutrality of cost

shales with respect to time trend) was also conducted fol this sector by testing the

parametlic restrictions al9 = a29 = a39 = 0 in equations (4.1). Hicks neutral technical

change is not rejectecl at both the 95 and 99 percent significance levels. This irnplies that

in Western Canaclian agriculture, changes in technology cticl not affect substitution

possibilities among farrn valiable inputs cluring the sarnple period. It was also found that

technical change was labour using and crop and livestock inputs saving. This irnplies an

efficiency ploblern in telms of resource allocation. In othel woLds, labour was not used

at cost rninirnizing levels in Western Canadian agricultule during 1961 to 1984.

4.1.5 Cotrclu,çion

The following conclusions are drawn given the results obtainecl in this section. Filst, the

Tlanslog functional form was found to fit the clata set better than the Generalized Leontief

and Nonnalizecl Quadratic specifications. Second, rejection or acceptance of the stanclard

hypothesis of static resource ancl output equilibriurn for all inputs and outputs over the

periocl 196l-84 critically depends on the absence or presence of output price uncertainty.

Third, the hypothesis of static equilibriurn (conditional on the levels of quasi-fixecl inputs)

is accepted (Tables 4.4,4.5) fol inclividual supply rnanagecl ploducts (dairy, poultry). Fol

nonlestricted outputs (crop, livestock) thele is no conclusive evidence for either lejecting
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or accepting this hypothesis due to the significant impact of plice uncertainty on the

outcome of this test (Table 4.4 ). Fourth, static resource equilibriurn is not rejectecl for

falm ploducecl capital and farm land. For farm machinely, the Walcl chi-square test ancl

Hausetnan specification test plovide contlaclictory results. Fifth, the hypothesis of risk

neunality for outputs is rejectecl for Western Canaclian agricultule ovel the peliocl 1g6l-

84.

4.2 Short-Run Indirect Utility Model

In this section, model (2.18) is appliecl to Western Canadian Agricultule. A Genelalizecl

Leontief and Nolmalized Quadratic functionai forms ale ernployecl to rnoclel tliis sector-.

These two altemative specifications are derived next.

4.2.1 A Generalized Leontief Utility Model

Tlre functional form desclibecl hele can be viewed as a generalization of a Genel alized

Leontief dual profit function. Assuming constant returns to scale for the plocluction

function of this industry ancl Hotelling's lernma (2.19),(2.20) we obtain the following

variable output supply and input dernand equations
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y I I k4 = ar r * arr(12 Þ 1)U' * a rr(w I I p 1)'t' * a u(w2 | p l)Uz
+ ats(w3lpl)tp * are(r4lpl)ttz * arr(ktlk4)
+ arr(k2lk4) * aß(k3lk4) * bn(qtlk4)
+ brr(ø21k4) * brst + crr(var(pl)lpL)
+ c rr(var(pz)l p l) + c rr(cov(p I p2) | p 1)

y2 I k4 = arr(p I I p2)rt' * ar, + azs(w I I p2)'t' n aro(r2 | pz¡rtz

+ arr(w3lp2)tl' * aze(w4lp2)'tt * arr(kllk4)
* azl(kzlk4) * arn(k3lk4) * bz{qLlkù
* brr(ø21k4) * brtt + czt(var(pl)lpz)
+ c zz(var(pz) | pz) + c zz(cov(e 1,p2) | p2)

x 1 | k4 = ar rþt 1 lw I)'l' * ar r(p2lw 1)'¡2 ¡ a* * az +(w2 | w l)uz
+ azs(w3lwl¡rtz * aro(w4lwl)tt2 * asíkllk4)
+ a3s(k2lk4) + a¡s(k3lk4) * bst(qllkÐ
+ br"(ø21k4) * bstt + cst(var(pl)lwl)
+ c sz(var(ez) I w l) + c r r(cov(e I p2) lw l)

x2lk4 = aorQtllw2)'t' * aor@21w2)'t' * onr(rLlw2)rtz + aoo

+ a+s(w3lw2)tt' * aor(w4lw2)u2 * a¿z(ktlk4)
+ a4.(k2lk4) * a4s(k3lk4) * b+t(qLlk4)
+ bor(q2lk4) * bazt + cor(var(el)lw2)
+ c az(var 

(e2) | w2) + c or(cov(p 1,p2) | w2)

x3 | k4 = a r rþt 1 lw 3)tt' * a 
s r(pZ I w 3¡uz * a 

s z(w I I w 3)u2

* as¿(w2lwi)'tt * ass * øsø(w4lw3)rtz * ast(kllk4)
+ ass(kzlk4) + ass(k3lk4) * bs{qllkÐ
* btr(Ø2ilØ * bszt + crr(var(el)lw3)
+ c sz(var(e2) lw3) + c r r(covle I,p2) | w3)

x4 | k4 = ao r(p I I w4)'t' * o ur(p2 lw4)'t' * aet(w I I w4)rtz

+ ae¿(wZlwÐt? * oes(w3lw4)u2 aee + aøz(kllk4)
* aor(k2lk4) * a6s(k3lk4) * bet(qLlkÙ
* bøz@21k4) * bezt + cct(var(eDlwa)
+ c ez(var(p2) | w4) + c ur(cov(e 1,p4 fu a)

(4.8)

whele:

yI/k4 = supply of crop outputs.

y2lk4 = supply of livestock outputs.
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x4/k4 = demancl for energy.

Note that if all coefficients c,, (i=1,2,3,4,5,6 and j=1,2,3) equal zero, then (4.8) is

consistent with a short-run profit function where nlk4 rs Generalized Leontief in (p,w)

and æ is linear homogeneous in (k,q). This specification permits the adclition of one lnole

equation to the system to be estimated which provides further infolrnation that can aid in

obtaining consistent ancl efficient estimators.

The syrnmetry resffictions irnpliecl by the integrability of equations (4.8) and static

utility maxitnization are definecl hele as

al? =aZlial3 = -a3l;a14 = -a4li
al5 = -a5l;a16= -a6lia23 = -a32i
a24 = -a42;a25 = -a52:a26= -a62;
a34 = a43; a3 5 = a5 3 ; a36 = a63;
a45 -- a5 4; a46 = a64i a5 6 = a65

(4.())

4.2.2 A Normalized Quadratic Utility Model

Alternatively, a Normahzed Quaclratic functional form can be adopted for the indirect

utility function of Western Canaclian agriculture. Assurning constant returns to scale and

Hotelling's lemma (2.19),(2.20) the following systern of variable output supply and input

delnancl equations san be delived for this sectot'
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yl lk4 = ar t arr@I lw4) + an(p2lw4) + an(wl lw4)
+ au(w2lw4) + as(w3lw4) + aru(kllk4)
* an(kzlk4) * arr(k3lk4) * dßt
* bn@11k4) * brr(ø21k4) * crr(var(pDfua)
+ c rr(var@z) lw4) + c n(cov(p I,pl I wa)

y2lk4 = az * arr(pl lwÐ * arr(p2lw4) * an(w I lw4)
+ az¿(wZlw4) * arr(w3lw4) * aro(kLlk4)
+ azt(kzllú) * arr(k3llc4) * azst
+ brr(ø11k4) + brr(ø21k4) + crr(var(pl)lw4)
* c 

"r(var(p2) 
lwù * c rr(cov(e I p) | wa)

xllk4 = ej * arr@I lwÐ + arr(p2lw4) + az{wl lw4)
+ azt(w2lw4) + a3s(w3lw4) + aru(kllk4)
+ as7(k2lk4) + arr(k3lk4) * azgt (4.10)

* bzt(qLlk4) * bzz(q2lk4) * crr(var(p\lwa)
+ c sz(var (p2) | w4) + c r r(cov(p l,pl fu a)

x2lk4 = a4 * aor@l lwÐ + aor(p2lw\ + aor(wl lwÐ
* Q44 * aot(w3lw4) * a46(kllk4)
+ a47(k2lk4) + a4s(k3lk4) * a+st

+ bor(ø11k4) + bnr@ZlkÐ + c¿t(var(pt)lwÐ
* c or(var(pz) | w4 * c nr(cov(p 1 p\ | wa)

x3lk4 = as * øtr(vl lw4) + asz(p2lw4) + as{wl lw4)
+ as¿(w2lw4) + ass(w3lw4) + aru(kllk4)
* as7(k2lk4) * arr(k3lk$ * asgt
* bst@L1k4) * bsz@21k4) + cst(var(pl)lw4)
+ c 

s z(var(pz) | w4) + c r r(c ov(e 1,p) fua)

where all variables are clefined as before. If all coefficients cu (i=1,2,3,4,5 and j=7,2,3¡

short-run plofit function whercnlu,4k4rue equal to zero, then (4.9) is consistent with a

is quadratic in (plw4, w*-'lw4). In this case, the r-eciprocity resûjctions irnpliecl by a

parent Norlnalized Quadratic utility function and static utility maxirnization ate
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al7 =a21; aI3 = -a3l;
aI4-- -a41; a75 = -a51;
a23 = -a32; a24= -a4Z; (4.11)

a25 = -a52; a34=a43;
a35 =a53;a45 =a54

For quasi-fixed inputs, static competitive equilibrium and (2.27) provide the

following inverse demand equations

w ki = - (e 
t * s 

* a 
t * s,@ I I w4) + a,.r,r(e2 lw4) + a,.r.r(w I I w4)

+ ø, *, o(w 2 | w 4) + a, * r,r(w 3 | w 4) + a,. r'(k I I k4)
*ar*r,r(k2k4) *ar.r,r(kjlk4) +e¿*s,t @.12)
+ b, -r,r(e I I k4) * b,. 

r r(e2 | k4) + c r, r,r(var Qt D I wa)
+ c, * r,r(var Qtz) | w 4) * c, *r.r(c ov Qt 1,pÐ | w Ð )

wneÌ'e:

i - 1,2$ (fatm capital machinery, fiurn produced durables, fann labour).

Fol supply tnanaged cornrnodities, (2.28) ancl the first ordel conditions (2.24)

irnply the inverse supply equations

p8' = d¿*e+ d¿*e,t(pllw4) * ar*r,r(p2lw4) +ar*r,r(wllw4)
+ a,., o(w 2 | w 4) + a r,r,r(w 3 | w 4) + a r, r,r(k 1 | k4)
*ar-r,r(k2lk4) *ar.r,r(k3lk4) *dt,B't G.13)
+ b r,r,r(e 1 | k4) * b, - r r(e2 | k4) + c, *r,r(v ar (e Ð | w a)
+ c, *r,r(var(p2) I w4) + c, *r'(covþt I,p) fua)

where:

i - 1,2 (dany, poultry).
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4.2.3 Empirical Results

Econometric estimation of the Generalizecl Leontief ancl Norrnalizecl Quaclratic rnoclels

requires apper-rcling stochastic random en'ors to each equation in systerns (4.8) ancì (4.10).

These errors ale assulned to be spherical and adclitive with positive serniclefinite ancl

contemporalleous variance-covariance rnatrix Q. In this case, these disturbances can be

viewed as errors in optirnization clue to firrn specific circumstances (i.e., managerial skills,

physical and envirorunental differences, and other internal charactedstics of particular

finns).

Tables 4.6 and 4.7 report parameter estirnates for the Generalizecl Leontief ancl

Nolmalized Quadratic models obtainecl by the itelative Zellner's technique using Shazarn

6.2. Neither specification shows evidence of autocomelation as inclicatecl by the Durbin

Watson statistics.

Tests of the symmetry lestrictions (4.9) and (4.11) irnplied by a Genelalized

Leontief ol a Normalized Quadratic utility functions and static utility rnaxilnization for

both rnoclels (a.8) and (4.10) are reportecl in Table 4.8.
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Table 4.6 ITSUR Pâr¿üneter Estirnates for Generalizecl Leontief Utiliry Model: V¿uiable Ourput
Supply and Input Dernand Equations in Western Canadi¿ur Agriculture, 1961-84.

P¿u¿uneter b,stlmate 'l -lVì.fto Estrnate TR¿ìño

at.t r¿lu.ì5)

-17.05
-200.93

3.6401
t06.2r
32.936
8123.5
9342.1

-7833.2

0.0015
-0.1841
42.793
0.0193
646.4
3.596
t9r99

-9821.5
-83s.88
-1163.-5

2788.8
716.48

-1 1 8540
-91477
4121 5

0.0048
3.4936
9r.047
0.0630
2s135
181.07
0.1183
0.6078
0.0494

-0.0341
-0.2287

0.0583
1.2193

-3.8962
0.3'/18

-0.0035E-0-s

0.0029E-02
0.0047

-0.0059E-0r
24.635
0.2526

U.)U

0.09
2.88
0.16
2.89
0.87
4.63
r.76
)44

4.02
4.15
r.z9
0.8-s

0.55
3.04
2.18

0.66
2.35
3.-5-s

0.95
3.78
0.88
0.86
0.66

-s.06

0.59
0.18
r.46
1.06

0.25
1.68

0.46
0.94
3.29
0.82
3.69
i./.u
u.o-1

0.42
J.Z\)
2.72
2.68
2.03
2.14

52

-J ró.5 /

zr)-ß.e

7777.5
289.48
0.0033E-01

-0.043-s

9.9917
0.022r

-923.27

1.3 817

143.5

- l 8080

-òisso
-622530
211520
0.0262
-r.0234
1503.6

-2.83t6
76016
337.08
r.0131

-3.4172

0.-s684

-r.2539
7.7574

-1.337 6

-0.0073E-04
0.0017E-01

-0.0363

0.0032
-96.096

0.1760

alZ
itI3
a74
al5
a16
itl'|
al8
al9
b1t
b12
b13
cll
c12
cl3
ttZI
¿t22

a23

^24a25
tL26

azl
tt28
¿t29

b21
b22
b23
e11

c22
c23
¿t3l

tt32
it33
¿t34

a35

¿t36

tt37

a38
a39
b31
b32
b33
c3l
CJ¿

c33

i.t,
1.34

0.r4
r.09
1 19

1.13

r.66
r.14
0.19
r.85
J.Z)

z.ãs
3.22
2.48
2.40
0.80
4.33
9.88
6.r9
1.69

4.r0
1r.62
t_!u

is,
1.-5-s

0.s3
2.49
4.87
3.67
13.93

8.18
1.81



Table 4.6 Continued

No Syrnmetry r
Para¡neter Esûlnate I -Rauo Estirnate T-Tt-rio

¿t+ I
í42
tt43

¿t44

2r+i

it46
¿t41

a48
'à49

b41
b42
D+5

c41
c42
c43

a51

¿t52

a53

tt54
a5-5

a56
a57

a-58

a59

b5l
b52
b-s3

c-51

c52
c-53

a61
a62
a63
a64
a65

tt66
a67

a68

a69

b61

b62
b63
c6l
c62
c63

'¿.3 |
1.38

r.91
1.78

2.65
2.09
1.23

0.46
0.13
0.32
0.82
3.4r
2.17
1.81

1.22

r.76
2.38

5.91
2.t4
3.63
2.58

5.56
0.59
6.16
4.16
3.24
1.79

-5.57

).iL
r.93
1. l9
1.26

0.24
0.39
2.56
r.54
l.-54

3.52
1.16

0.4-s

0.79
1.44

2.68
l.t2

U.UJ /¿I

-0.0142
-0.006-s

-0.00r8
-0.00-s5

0.0039
0.0047
0.00-59

-0.00918-01
0.0029E-07

-0.00778-0s
0.00658-02

-0.0034E-02
1.-5 187

0.008-s

-r.3841
1.3610
r.0775

-0.122.5

-0.4837
-0.3204
-3.1299
r.3667
5.8876

-0.00-s 1E-04
0.0042E-02

-0.0049
-0.0022
-65.349
-0.3226

0.4236
-0.3017
-0.r112
-0.006s

0.0186
0.7622
0.4000
-r.3789
t.-s684

-0.00748-0-5

0.00288-03
0.0011
0.0022E-01
19.464
0.0616

0.0198
t.7760

-0.0607
-0.tJ710

o.-szor
-r.4710
0.0033
0.0013E-04

-0.0013E-02
0.0071

-0.0038

68.5_s 1

-0.1098
r.1627
9.5310
0.2294
-0.1634
-2.6409

3.4227
-29.46r
6.1835
0.0023E-03

-0.004-sE-01

0.13 r r

-0.0126
329.5r
-r.2393
0.4587
2.3282
0.1175

-0.0_s1-s

-0.2001
-0.4332
2.1829

-4.7432
09124
0.0034E-04

-0.0061E-02
0.0218

-0.0016

28.r78
-0.1240

O.TB-
12.87
5.21
3.08

t.r,
1.89

0.00
2.91
4.44
4.56
21.19
6.65
1.61

t.40
t0.97
9.29
16.94

6.2r

1.01

2.20

0.94
232
À //
4.OO

5.03
18.14

10.41

5.82
2.65
8.93
A .ra

6.31
6.7r
5.21

3.38
t.94
0.12
2.27
a al
J.J I

4.45
12.41

4.63
1.74
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Table 4.6 Continued

Ec¡uation

yIk4

v2k4

xIk4

x2k4

x3k4

x4k4

Durbin-Watson

2.34

2.53

2.12

2.44

2.06

2.65

Durbin-Watson

2.t5

2.09

r.86

L88

1.83

1.87

y1ß4 = Crop Outputs; y2k4 = Livesrock Outputs; xlfi<A = Crop Inpurs;
x2/k4 = Livestock lnputs; x3lk4 = Hired Labour; x4k4 = Energy Inputs.
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Table 4.7 ITSIJR Par¿uneter Estirnates fbr Nonnalized Qu¿Ldratic Utility Model: V¿r¡iable Output
Supply and Input Demand EquaLions in Western Canadi¿ur Agriculture, 1961-84.

No Syrnrnen'y Syrnrnelry

P¿u¿uneter Estrlnate I -lQ'ì.[lo B,stunate 'l'-Râtro

al
all
it72
a13

ttl4
a15

al6
¿tl7

al8
a19

b11

b12
c11

c12
¡l?
ttZ
ívl
zA2

¿l23

¿44

¿t25

',t26

a2l
¿O8

',O9

b2l
b22
cLl
c22
c23

a3

a3l
[).5L

tt33
a34
a3-5

¿t36

¿t3'7

a38

¿t39

b31

b32
c37
c32
c33

-róu.l /
6590.6
1760.4

-480.98
-1.5130
210.28
6530.3
10836

-5134.6

36.869
0.0012

-0.1688
1.2790
21-581

-3,s.-536

ss86.8
575110

-396440
--s710.6

-1520.9

r0452
-108230
-130460

38134
359.81
0.0141
2.3165
5.9699
21 1859

1868.0
-0.0661
t.4793
1.2179
0.0521

-0.0070
-0.0866

r.4919
-5.1208

0.3238
0.0060
0.0030E-07
0.0021E-02

-0.00-s6E-01

t2.277
0.2301

-416.1)8

20506

s+¿o.o
1322.1

-9384.4
JO.r / I
0.0017

-0.0963

-l.l 139

-16818
-48.983
4921.3
1084.8

-r21030

-rqisso
107990
222970
-86.286
-0.0171

3.2020
24.531
3rü270

-784.39
-0.0416

0.0335
r.4356
0.0048

t.-izt)t
-3.8752
0.4-s00

0.0063
-0.0023E-05
0.0013E-02

-0.0004
-10.-s-s2

0.2656

0.-58

0.-s4

0.25
1.59

0.18
r.36
3.¿L
r.39
1.45

2.81
2.02
3.09
1.0-s

0.31

0.08
1.09

2.52
2.99
r.0t
t.91
2.82
2.84
0.89
0.57
1.49

t.23
2.26
0.26
1.65

tt.z:)
1.3 I
0.6-5

0.93
0.93
092
2.31
3.98
3.-s8

0.49
J\4
0.00
2.t4
2.5r
0.91
2.95

t.91
2.94

4.31
0.r6
2.14
3.35
3.4r
2.51

0.99
0.43
0.10
r.38
0.26
,-Y

io,
0.83
5.26
0.46
2.51

4.69
1.29

0.46
0.09
0.93
r.26
2.56
0.27

o.rg

0.81

3.64
0.29
1.89

1.93

1.64

3.41
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Table 4.7 Continued

No Syrnmetry Syrnrnetry

Par'¿uneter h,sIrnate I -R"'ttlo Estrrnate 'l'-Iù1tro

íL+

1+l
a42
it43
ír4+

',45
',A6

¿t4l

a48

tt49

b4l
b42
c+l
c42
c45
a5

a51

¿r52

a-53

tt54
a-55

a56
zt57

a58

alv
b-s 1

b52
c51

c52
c53

U.IJ5

r.54
1.18

1.44

1.34

r.71
0.42
0.04
0.37
2.12

0.40
r.02
1.48

1.64

0.31

0.22
1.24

2.15
5.70
1.92

3.84
4.36
0.84
6.-s4

3.25
4.46
4.05
5.65
3.28
0.36

0.1r
1.26

0.84
1.28

t.27

.::"v.z)
0.28
0.62
2.59
0.06
0.82
1.69

1.42

0.41
z.o I
1.26

1.96

5.94
t.52
0.87
2.51

0.34
3.90
0.1-s

2.01
1.35

0.76
1.48

0.16

U.UUU5

0.0429
-0.0191
-0.0009
-0.0001

0.0008
0.0019
0.0008
0.0029
0.0080E-02
0.0056E-07

-0.00r2E-04
-0.00418-03
0.2510
0.0003

-0.0 r83
-4.4719
4.4908
0.5061
-0.0232
-0.2239
-2.6088
-t.9462
6.8250

-0.0123
-0.0081E-04
0.006-sE-02

-0.0020
-66.089

-0.0456

0.00u4
0.0335
-0.0122
-0.0007
-0.0001

0.0011
0.00s0
0.0049
0.007rE-02
0.0086E-08

-0.00928-0-s
-0.004-sE-03
0.1958
0.0004
0.2960
0.0335

-2.9808
-0.0841

0.0006
-0.0329
-2.05'/6
-1.1075

5.9034
0.0007

-0.0044E-04
-0.0023E-02
-0.0004
24.837

-0.0341

h,quauon

vrk4
v2k4
xIk4
x2k4
x3k4

Durbln-WatsOn
2.43
2.70
2.30
2.45
2.41

Durbin-Watson
r.99
)L)
r.93
2.47
1.59

y IlK4 = Ul'op Uutputs; y'¿lK4 = Llves
x2/k4 = Livestock Inputs; x3lk4 = Hired Laboul.

- Lrop mputs;
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Table 4.8 Wald Chi-Square arid Likelihood Ratio Tests of Syrnrnetry Restrictions for
Indilect Utilitv Model.

Allc,.,=¡ All cu Includecl

Functional Fonn' x' LR ..2

GL

NQ

59.75r',

35.91b

41.80',

21.66"

r42.13b

97.38"

t6t.49b

48.62b

Critical Region: x'(15).no = 30.57 xt115¡.n, = 24.99

" Generalized Leontief (GL) and Normalized Quadratic (NQ).

b Statistically significant (syrmnetry rejected at 5 and 1 percent).

" Statistically significant (symmetry rejectecl at 5 percent).

This joint hypothesis is generally rejected at both the 95 and 99 percent levels of

significance for both functional folms. Results of this test are invariant to output price

uncertainty. However', to further evaluate the hypotheses of static lesource and output

equilibriurn for quasi-fixed inputs ancl supply rnanaged outputs, these syrruneÍy

restictions ale imposed as a necessary condition. The Nolrnalized Quadratic specification

(4.10) is ernployed for further analysis ancl hypothesis testing.

Table 4.9 reports chi-square test results of additional syrnmeÍy resffictions impliecl

by static resource equilibriurn and utility maximization for palticulal quasi-fixed factol s

and lestricted outputs. For exarnple for quasi-fixed input k1, variable output supply ancl

input dernancl equations (4.10) are estimated jointly with the inverse demand equation

wk1 (4.12). Given the short run Norrnalized Quaclratic utility function (2.25), static
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Iesource equilibriurn for kl irnplies the symmetry restrictions a16=-a61, a26=-a62,

a36=a63, a46=a64, a56=a65. Results in Table 4.9 therefore suggest rejection of static

cornpetitive equilibrium for farm machinery, farm producecl capital, and falm lancl. Static

utility tnaximization is also rejectecl for dairy and poulny proclucts at both the 95 ancl 99

percent significance levels. Table 4.9 also inclicate that test lesults of these hvpotheses are

invariant to specifications of risk neutrality or aversion.

Likelihood ratio tests of the sarne hypotheses given a short lun Normalized

Quadlatic utility function are reportecl in Table 4.10. These statistics ale calculated by

cornparing the log of the likelihood function in two rnodels. In rnodel 1, equations (4.10)

are estimated jointly with particular' first order conditions frorn (4.12)-(4.13) ancl the

aclditional symmeüy restrictions irnpliecl by static equilibriurn for quasi-fixecl inputs and

supply managed outputs al'e not irnposed. In rnodel 2, the salne system is jointly estirnated

ancl the adclitional syrnrneÍy resffictions ale irnposed. Both models are estimated by the

iterative Zellner's technique. Results florn Table 4.10 also indicate rejection of static

resource and product equiiibriutn for all quasi-fixed inputs and supply rnanaged outputs.
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Table 4.9 Wald Chi-Square Test
Resource Equilibliurn
Agricultule, I 96 I -84..

of Syrmnetry Restrictions
ancl Utility rnaximization

for Long Run Static
in Western Canadian

Input/Ouçut Nurnber of x2 Statistic
in Syrmnetry
Equilibriurn Restriction(s) \. i; c,r=() x2(s).ss x2(s) oo

Critical Region

kl

k2

k3

kL,k2

k2,k3

k1,k2,k3

ql

q2

qr,qZ

5

5

5

l1

11

18

5

5

ll

84.92',

31.15"

29.99"

146.05',

142.39

414.01"

178. 1 6"

149.30

490.42"

84.81',

25.37',

49.83^

144.68"

146.64',

489.24

283.01^

56.33^

36t.6s'^

tl.0l
11.07

I 1.07

t9.61

19.61

28.86

r1.01

tt.0l
19.61

15.08

15.08

15.08

24.12

24.12

34.8r

15.08

15.08

24.12
* 

Tests conclucted unclel Nonnalizecl Quadlatic utility moclel (4.10).

' Statistically significant (equilibriurn rejectecl) at 5 and I percents.

k1 = fann rnachinely; k2 = falm produced capital; k3 = falm land;
q1 = dairy products; q2 = poulûy products.
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Table 4.10 Likelihood Ratio Test
Resource Equilibriurn
Agriculture, 1961 -84..

of Syrmnetry Restrictions
and Utility rnaxirnization

for Long Run Static
in Westem Canaclian

Input/Output
in
Equilibriurn

Number of
Syrnrnetry
Restriction(s)

LR Critical Region

t-;i c,j=0 x2(s).e5 x2(s).nn

l, I\t

k2

k3

k1,k2

k2,k3

kl,k2,k3

q1

q2

q7,q2

5

5

5

11

IIIT

1u

5

5

11

31.66',

20.10"

19.96"

62.76"

(;1.84^

196.68',

40.41',

4r.20'

109.42',

38.34

t8.54',

30.50"

61.46^

10.94'

118.94"

5r.22

30.26',

95.22^

tt.07

I 1.07

tt.0l
19.67

19.61

28.86

1 1.07

l 1.07

t9.67

15.08

1s.08

15.08

24.12

¿+.t¿

34.81

15.08

15.08

) a.'71

" Tests conductecl uncler Norrnalizecl Quadratic utility rnoclel (4.10).

" Statistically significant (equilibriurn rejectecl) at 5 and I percenrs.

k1 = falrn rnachinery; k2 = fann produced capital; k3 = farrn land;
ql = daily proclucts; q2 = poulÍy proclucts.
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A chi-squale test of variable output price unceftainty was conclucted. This

ploposition was evaluated by testing the pararnefiic resmicdons t,j=O(i=7,2,3,4,5;

j=|,2,3) in rnodel (4.10). This hypothesis is rejected ( 
"t(S) 

= 40.93 ) at both the 95 ancl

99 percent significance levels.

4,2.4 Conclusiott

The hypotheses of static farm resource and output equilibriurn are tested in this section

under a stochastic inclirect utility function f¡amework where output price unceltainty is

clirectly incorpolated in the objective function. Genelalized Leontief (GL) ancl Normalized

Quadratic (NQ) functional fotms are estirnated for the agricultual sector of Westeln

Canada. The following conclusions can be clrawn given the lesults in this sectior-r. Filst,

both the GL ancl NQ functional forms reasonably fit the data. The Durbin-Watson

statistics for both GL and NQ equations do not indicate serious autoconelation ploblerns.

Second, the sytnmetry restrictions irnplied by the integlability of the derived supply and

demand equations and static competitive equilibriurn are rejectecl in both specifications

in spite of output price uncertainty (Table 4.8). Third, the hypothesis of (linear') r'isk

aversion is rejected for Western Canadian Agriculture ovel the period 1961-84. Fourth,

the proposition of static resource equilibliurn for quasi-fixecl inputs ( farrn capital

machinery, falrn ploclucecl dulables, fann lancl) and competitive equilibriuûr over supply

rnanaged comrnodities (daily, poultry) is lejected for indiviclual and particulal combina-

tions of quasi-fixecl inputs ancl lestricted outputs uncler both output price uncertainty and

celtainty (Tables 4.9,4.10).
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4.3 A Translog Profit Model

As inclicated in Chapter 2, a deterrninistic profit function approach is aclclecl as an

inteltnediate case between the cost function approach where output price risk is inclirectly

incorpolated via a long run optirnization ploblern (2.4) and the stochastic indirect utility

function approach. In this section, the resfricted Translog profit function (2.41) is assumecl

for the aglicultulal sector of Western Canada. Lineal hornogeneity in prices is irnposecl

on the profit function by nolmalizing the price of energy. Hotelling's lemma ancl CRTS

irnply the following variable revenue and cost share equations for outputs and inputs in

this sector'

s sy I = a, + a rrln?t I I w 4) + a tzln(eZ I w 4) * a nln(w I I w Ð
+ a uh(w2 | w4) * a sln(w 3 | w4) + a roln(k I I k4)
+ a L7h(k2 | k4) + a ßln(k3 | k4) + a ßt
+ b rrln(q I I k4) + b rþ(ø2 | k4)

ssy2 --ar+ aztln(pllw4) *azz\n(pZlw4 * azzln(wllw4)
+ auln(w2 | w4) * a zsln(w 3 | w 4) + arula(k I I k4)
+ aziln(kz I k4) + azeln(k3 | k4) + azct

+ b rrln(q I I k4) + b rrln(q2 | k4)

s s x 7 = a, + a 3 tln(p U w 4 + a rrlnQt2 | w 4) + a zzln(w I I w Ð
+ a z¿ln(wZ I w4), a z slrn(w 3 | w4) * %6ln(k U k4)
+ai.lÃ(kzlk4) +anln(k3lk4) *atst (4'14)

+ b rrtn(q I I k4) + b rþ(ø2 14
s s x2 = a o 

+ a orlnQt I I w 4) + a azln(p2 | w 4) + a +sln(w I I w 4)
+ a uln(w2 | w 4), a ¿sh(w 3 | w4) + ø A(sln(k I I k4)
+ a *lm(k2 | k4) + a¿eln(k3 | k4) + a ¿st
+ b orln(q I I k4) + b orln(q2 | k4)

ssÍ3 = c, * a s tln(p I I w 4) + ø szln(p 2 | w 4 * a szl¡¡(w I I w 4)
+ a tþ(w2 | w4) * a ssln(w 3 | w4) + a roln(k I I k4)
+ a sTln(kz I k4) + a sel¡l(k3 I k4) + a sst
+ b rrln(q I I k4) + b rrln(q2 | k4)
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where:

ssyl = pLylln, share of crop ouþut in variable profits.

ssy2 : p2y2ln, shiue of livestock output in variable profits.

ssxl = wlxlln, share of crop input in variable profits.

ssx2 = w2x2ln, shar'e of livestock input in variable plofits.

ssx3 = w3x3ln, shiìre of hired laboul in variable profits.

Integlability of equations (4.14) ancl static cornpetitive plofit rnaximizarion irnply rhe

following sylnlxeüy lestlictions

al2 =aZI; al3 = -a3I;
al4= -a4I; aI5 = -a51;
a23 = -a32; a24= -a42; G.I5)
a25 = -a52; a34=a43;
a35 =a53i a45 =a54

Fol quasi-fixed inputs and supply rnanaged outputs, the Envelope theorern (2.36)

and static equilibriurn irnply the share equations

ssk' = - (a¡*s + ar,r,rlnQtllw4) + d¡*5,2lnfp4w4 + d,*r,rln(w llw4)
+aurrln(w2lw4)+ar*r,rln(wilw4)+aur,oln(kLlk4)
+ar.r,rln(k2lk4) +ar.r,rln(k3lk4) *dt*s,st 

,.vþLl'v',, (4'16)

+ b,.r,ln(q 1 I k4) * b,.s.zlrrr(qfl kq)

where:

i - 1,2,3 (fann capital machinery, farrn procluced durable, farLn land),

sski = wkikln, and

where:
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.s.s4 
¡ =d¡*s +ar*r,rlnQtllw4) +d¡,*2ln(¿/w$ +d,*s,rln(w 1lw4)

+ a 
¡ * s ¿ln(w 2 | wÐ + a r,r,rln(w 3 | w 4) + a,.r,uln(k I I k4)

+ ar.r,rln(k2fic4) + a,.r,r[n(k3lk4) * dt*B't
+ b,.r,rln(q I I k4) * b 

¡ *e eln(q/ ka)

i - 1,2 (dairy, pouln'y),

ssqi = pqtqtln,

fol quasi-fixed inputs and restricted outputs respectively.

4.3.1 EmniricaL ResuLts

(4.17)

Econorneûic estirnation requires attaching randorn erlol teltns to equations (4.14), (4.16)-

(4.I1). These clisturbances are assurned to have sirnilal propelties as in section 4.1.4 ancl

4.2.3 of this Chapter.

Table 4.1 I reports itelative linear SUR pararneter estirnates of system (4.14) using

Shazam 6.2. In the second case, the set of symmeffy restrictions (4.15) irnpliecl by a short

run Translog profit function ancl static profit maximization are irnposed. This joint test

is lejectecl at both the 95 ancl 99 percent levels of significance. However, resüictions

(4.15) are necessary conditions for the first older conditions (2.39)-(2.40) for quasi-fixecl

inputs and supply rnanaged outputs respectively; therefore, they are maintained in

subsequent tests in this section. We should note that results obtained in this section as in

the Nortnalized Quaclratic utility model (4.10), section 4.2.2, shoulcl be interpreted keeping

in rnincl that the symmeffy restrictions irnplied by a Translog plofit function (uncler'

considelation in this section) or NonnaLized Quaclratic utility function (consicler'ed in

section 4.2.2) ale rejectecl.
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Table 4.11 ITSUR P¿u¿uneter Estimates for Translog Profit Model: V¿riable Output Supply ancl

Input Dernand Equations in Westem Canadian AgrÌculture, 1961-84.

Ncl Syrnrnetry Symmeüy

Pâr'âJneter' Estrmate I -R"'ttro h,surn¿rle l'-Rlrtio

all
itI2
¿tl3
ttI4
al5
ztl6
¿tI7

a18

a19

bl1
bt2
ttZ

ztZ1

2t22

a"23

zt24

',û5

¿t26

^27tt28
¿t29

b2l
b22
tt3

¿t3l
¿t32

tt33

tt34

a35

¿t36

tt3J
a38

a39

b31

b32
ír4
'à41

'à42

',143

ír++

¿t45

¿t46

',141

a48

0.0066
-0.0034
-0.0104

0.0013
0.0135
0.008e
0.007-s

-0.0160

0.0011
0.0208

-0.0319
1.004-s

-0.0068

0.0023
0.0r02

-0.0006
-0.0138
-0.0023
-0.0077

0.0180
-0.0011
-0.0220
0.0314
0.000-5

-0.0021F-02
-0.0002
0.0080E-02
0.0001

-0.0001

0.0001
-0.0017E-02
0.0066E-02
0.0011E-02
0.0015E-03

-0.0001
0.0002

-0.0010E-02
-0.0015E-02
-0.0014E-02
0.00378-02
0.0019E-03
0.0013E-03
0.00118-02
0.0016E-02

1.03

0.98
t.1¿
0.11

1.58

2.19
1.34

0.92
2.23
t.46
3.57
4.13
r.08
0.67
i.3 I
0.05
1.62

2.r7
1.38

1.04

2.28
1.-s5

3.54
0.36
0.67
8.21
l -s9

t.70
1.91

4.18
0.48
0.59
3.55
0.02
2.29
0.99
1.79

5.08
1.99

J.+ I

0.25
0.3-s

2.21

0.98

6s

0.0029

o.tio+g
0.0038
0.0096
0.0004
0.0030

-0.0221

0.7922
-0.0028

0.0018

-0.õì+r
-0.0042
-0.0092
-0.0004
-0.0023

0.0214
-0.0015
-0.0027E-02
0.0002
0.0002

o.oìor
-0.0044F-02
-0.0062E-02
0.0014E-02
0.0002

-0.0001
-0.00138-02
0.007rE-03
0.0015E-02

-0.0047E-03

0.00218-02

-0.00128-04
0.0078E-03
0.00788-03

,-!

r.sz
0.76
1.09

1.54

0.78
2.8r
1.t3
L15
0.72

1.51

0.83
1.0-s

1.41

0.61

2.12
1.35

1.21

1.94
3.10

¿.t¡
1.18

0.65
5.23

./.,2\)

2.06
0.09
2.03

-s.28
0.99
5.66

0.03
1.60

0.67



Table 4.11 Continued

No Syrnmetry Sytnmeüy

P¿u¿uneter -b.sûtnate 'l'-lùìtio Estirnate Teitio

b4l
b42
a5

a51

tt52
a-53

a54
a5-5

a-56

a57

a,58

a59
b51

b52

-0.0096E-03
-0.0017E-02
0.0153

-0.000r
-0.0006
-0.0002
0.0003
0.0064E-02
-0.0022F-02
-0.0001

0.0014
-0.0029E-02
-0.0009
-0.0003

0.0041E-03
-0.0014E-02
-0.0024
-0.00-s2E-02
0.0006

-0.00318-02
0.00648-03
0.0007
0.0093E-03

-0.0002

0.0003
0.0011E-02
0.0004

-0.000s

0.74
2.10
2.92
0.73
7.46
0.97
0.91

0.30
0.22
0.81

J.JO

2.39
2.61
1.3 I

0.41
1.93

0.69
0.70

-5.87

0.73
1.33

7.14
0.1l
r.34
1.10

1.24

2.31
2.09

.Bquaûon

syl
sy2
sx1

sxL
sx3

Dufbrn-Watson
L.¿3

2.23
2.01

2.16
a /1'')

Durbin-Watson
2.14
2.t2
2.09
2.26
2.27

lest oI öymmetry Kesûlctlon: x'(lU).05 = ltJ.3 1i x'(10).ro = 2'3.2U

x2 = 33.-58

syl = Urop Uutputs; syz = Ltvestock Uutputs; sxl = crop lnpufs;
sx2 = Livestock Inputs; sx3 = Hired Laboul
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Chi-square test results of the additional syûxnetry lestrictions irnpliecl by the filst

order conditions (2.39)-(2.40) for particular quasi-fixed inputs and supply managed

outputs arereported in Table 4.l2.In the case of restrictecÌ outputql for example, systeln

(4.14) is estirnatecl jointty with the equation for shale ssql (4.17). Given the Translog

plofit function (2.4I), static cornpetitive profit rnaximization behaviour for q1 irnplies the

syrnmeûy resÍictions a18=a87, a28=a82, -a38=a83, -a48=a84, -a58=a85. Thus,lesults in

Table 4.12 indicate rejection of static profit rnaxirnization for clairy and poultr'y products

at both the 95 ancl 99 percent significance levels. Static resource equilibriurn is rejected

fol fann rnachinely but not rejected for farm procluced capital and far'm land at the 99

percent significance level.

Table 4.13 r'epolts Likelihood Ratio tests fol sirnilar hypotheses. These statistics

are calculatecl by cornpaling the natulal log of the likelihoocl functions in two rnodels. In

the first model, the variable revenue and cost share equations (4.14) are estirnated jointly

with particular first order conditions fi'orn (4.16) and/or (4.11), but not irnposing the

additional symmetry restrictions implied by static resource equilibriurn and profit

rnaxirnization. In the second model, the same system is jointly estimated but irnposing

these aclditional symmetly restrictions. Moclel 1 and 2 are estfunated by iterative SUR

using Shazan 6.2. Results in Table 4.13 hence suggest lejection of static plofit

rnaximization fol supply rnanaged corrunodities (dairy, poultry). Static resource

equilibriurn is rejectecl for farm rnachinery but not rejected for farm proclucecl durables

ancl falm lancl.
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Table 4.I2 Wald Chi-Square Test
Resource Equilibriurn
Agriculture, 1961 -84..

of Syrmnetry Restrictiions
ancl h'ofit Maximization

for Long Run Static
in Westenl Canadian

Critical Resion

Input/Output
in
Equilibriurn

Nurnber of
Syrnrnetry
Restriction(s) x2Statistic x'(s).ss x2(s) ss

k1

k2

k3

k1,k2

k2,k3

k1,k2,k3

q1

q2

q,l,q2

5

5

5

11

11

18

5

5

ll

39.26',

I l.3lb

r4.29"

65.34^

3 1.6 t',

310.c)2^

g4.gg^

61.48',

212.15^

tI.07

tt.01

11.01

19.61

19.61

28.86

tt.0l
11.07

19.61

15.08

15.08

15.08

)4 7)

1/1 11

34.81

15.08

1s.08

24.72

' Tests conducted uncler Translog Profit rnoclel (4.I4)

" Statistically significant (equilibriurn rejected) at 5 and I percents.
b Statistically significant (equilibriurn lejected) at 5 percent.

k1 = farm rnachinery; k2 = farrn produced capital; k3 = fann land;
ql = dairy products; q2 = poultry products.
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Table 4.13 Likelihood Ratio Test
Resource Equilibriurn
Agliculture, 1967 -84..

of Syrnrneûy Restrictiions
and Profit Maxirnization

for Long Run Static
in Westeln Canadian

Critical Region

Input/Output Nurnber of
in Syrmnetry
Equilibriurn Restriction(s) xt(s).çs x2(s) sc

k1

k2

KJ

kL,k2

k2,k3

kr,k2,k3

ql

q2

q,l,q2

23.12^

1.66

8.28

37.86

11 1^b

85.32

40. I 8"

28.10'

73.60

1 1.07

1 1.07

11.01

19.67

tc).61

28.86

11.07

rr.01

Ic).61

15.08

15.08

15.08

)4 7)

24.12

34.8r

1s.08

15.08

) a.'7)

5

5

5

11

11

18

5

5

t1

' Tests conducted uncler Translog Profit rnodel (4.11)

"Statistically significant (equilibriurn rejected) at 5 and 1 percents.
bstatistically significant (equilibr'iurn rejected) at 5 percent.

kl = farm rnachinery; k2 = farrn producecl capital; k3 = farrn land;
ql : dairy products; q2 = poultry proclucts.
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4.3 .2 ConcLusiott

The following conclusions can be dlawn given a deterministic Translog pr'ofit function

ancl the results obtained in this section. Filst, the estirnatecl equations clerived frorn the

sholt lun Translog profit function do not show autocorrelation problerns as indicatecl by

the Durbin-Watson statistics (Table 4.11). Second, the symmetry restrictions irnpliecl by

the integlability of the valiable revenue ancl cost share equations and static profit

maximization ar'e lejected. Third, the hypothesis of static competitive profit maximizatior.r

is rejected fol dairy ancl poultry proclucts. And fourth, static resource equilibriurn is

lejected for farrn rnachinery, but rejectiorl or acceptance of this ploposition for falm

producecl capital and fann lancl clepencls on the statistical test conducted (Walct chi-squale

or Likelihood ratio, Tables 4.12,4.13).

70



Chapter 5. Conclusions

5.1 Summary of Methodology

The plirnary objectives of this thesis were to test the hypotheses of static cosr

lninirnization/profit tnaximization, fann lesource ancl output equilibr'iurn, ancl risk

neutrality under price uncertainty in Western Canadian agliculture over the peliod 196l-

84. To evaluate these propositions three different theoretical rnodels were considerecl: a

short run cost function approach where output price risk is indilectly incorpolatecl via a

long run optirnization problern; a stochastic inclirect utility function; and a nonstochastic

resf icted profit function. The ernpirical application of these models included a Translog,

Generalized Leontief, and Nolrnalized Quadlatic specifications for the cost rnodel; a

Generalizecl Leontief and Normalized Quadratic functional forms for the stochastic

indirect utility rnodel; and a Translog specification for the nonstochastic profit rnodel. All

these specifications were applied to Western Canadian agriculture with annual data,7967-

84. Iterative Three Stage Least Squares and Seemingly Unrelated Regression techniques

in Shazarn 6.2 were ernployecl to estirnate the ernpilical specifications of all models.

5.2 Summary of Results

Filst, filst order conclitions fol static cost rninirnization over the periocl 1961-84 wele not

lejected given a sholt run Translog cost function for Western Canadian agricultule. The

hypothesis of static cornpetitive equilibrium (conclitional on the levels of quasi-fixed

inputs) was not rejected for individual supply rnanaged products (clairy, poultry). That is,
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the prices of these commodities were on the average equal to the oppol'tullity cost of

ploducing them. Fol clop and livestock outputs, sirnilar hypothesis tests were inconclusive

due to the significant impact of output price risk and unceltainty on the outcome of these

tests. For quasi-fixed inputs, static resource equilibriurn was not rejected for farrn

produced capital and land. In the case of farrn machinery, the outcome of this proposition

clepended on the econometric test conducted. Within the Translog cost function

framework, the hypothesis of lisk neuúality in terrns of nonlestricted outputs 'was rejectecl

fol Western Canadian agricultule ovel the periocl 196l-84.

Second, the syrmnehy lestrictions irnpliecl by a Norrnalized Quadratic utility

function ancl static competitive equiliblium were rejectecl fol Western Canaclian

agliculture. These lesûictions are necessary for application of the filst order conditions

implied by static resource ancl procluct equilibrium; so these lestrictions were imposecl for'

further hypothesis tests. Within this flarnework, the hypothesis of static procluct malket

equilibriurn for supply tnanaged proclucts (dair'y, poultry) and static resource equilibriurn

fol quasi-fixed inputs (fann rnachinery, farrn ploclucecl durables, fann lancl) were lejectecl

under both output price uncertainty and certainty. The proposition of output price certainty

was also rejected for Western Canadian agriculture in this model over the period L961-84.

Thild, the behavioral assumption of static competitive profit lnaximization was

rejected given a short run Translog profit function for Western Car-radian agriculture over

the period 196l-84. The syrmnetry resffictions irnpliecl by this ploposition were irnposed

as necessary conclitions for analyzing the cornpetitive levels of quasi-fixed inputs ancl

suppiy managed comrnodities. Under this approach, the proposition of static plofit
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maximization over daily and poultry ploducts was rejected. Static resource equilibriurn

was rejectecl fol fann machinery, but rejection or acceptance of this hypothesis for fann

ploduced capital and falm lancl depended on the statistical test conducted.

Fourth, the joint hypothesis of static farm resource and procluct equilibriurn for the

whole agricultural sectol of Wesfern Canada ovel the period 196l-84 was rejectecl

regardless of risk aversion ancl price uncertainty and theoretical rnodel ernployed.

5.3 Limitations of the Study

It is irnportant to note that all three theoretical rnodels usecl in this thesis have some

inherent drawbacks. For example, the linear mean-vadance assumption in both the cost

and inclilect utility approaches is vely lestrictive. Furthermore, these rnodels as plesented

in this study do not allow for yield uncer'tainty. The assurnptions irnplied by a stochastic

profit function are lnore lestrictive and genelally not satisfied in ernpirical applications.

Anothel limitation of this stucly is the level of aggregation in the data set employed. The

lesults and conclusions drawn in this study shoulcl therefore be interpreted given the

properties of the theoletical rnodels and the characteristics of the data set.
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OBS YEAR

1 1961
¿ t¿0¿
? I aae
4 1964
5 1965
6 1966
, I JÞ ¿

I 1968
I 1969

10 1970
11 |971
12 1972
13 1973
14 197 4
l5 1975
16 |976
17 1977
'| I 1978
'| I 1979

\) 20 1980oo 21 lg8 I
¿¿ tJo¿
23 1983
24 1984

11
12

4À

15

17
tÕ

23
24
¿3
¿o

¿ó
29
2^
lìJ
é¿

X1

¿ I . Jé
29.81
33 . 08
34 .99

46.O1

47 .OO
52. 12
57.O1
63.25
66.58
oþ-bð
tw. ¿3
74.18
ö/,ub
95 .24
v¿ . Þ |

100. oo
101 . 94
tvo, I /
115.91

\,Jl x2

26 .7 0.38506
27.2 0.46096
27 .7 0. 47006
28.5 0.51400
28 .A O.54771
¿o, I u.oJzzJ
2A .4 0.68834
¿o.Þ \r.þ4Þub
2A .7 0. 73533
27 .O O. 79887
27.9 0.84950
28 .9 0.9289 I
33.4 0.93818
53.4 0.91980
66.O O.85912
64.O O.9t638
61.2 0.94397
63.4 0.90861
70. o o.98226
47.4 0.99999

roo.o L06306
98.2 1.04674
95.6 0.94279
98.7 1.07230

w2 x4

192.174 53.34
208.256 53.83
202 : O99 55 . 60
200.3a4 57.13
199.OO7 59.4 l
202.456 61.84
2 10.648 64 .99
210.504 67 . 09
198.547 67.56
1 90. 267 70. 06
195 .407 79 .73
200.233 82.08
295.249 85.23
405.521 90.70
419.O29 85.84
420.124 87.60
408.904 91.49
410.514 96. 23
47 1 . 359 104 .42
s66.OOO l03. l4
626.4A6 100.oo
59B.04l 99.86
601 .402 101 .23
637.878 98.84

OBS P1

I O.4 1 526
2 0.43907
3 0.43169
4 0.43915
5 0.44225
6 0. 462 tO
7 0.44836
I O. 39508
I O. 34346

10 0.3so77
11 0.35216
12 0 .44135
13 0.83168
14 1.16458
l5 l.OOOOO
'| 6 0.88439
17 0.80335
1 I O. 86396
19 |.03566
20 1 .22998
21 r .34550
22 1.18219
23 1.15625
24 1.24A20

APPENDIX: FINAL DATA SET

w4 x3

Y2

10437 124.A5
9377869.6 1

I 02 15567 . I .l

1 1 393265. 53
r 1057629.36
1089803 I .86
1 14201 52.46
I rv/JJ3/.öb
1204705t.35
1 3803563 . 36
12913614.69
I a7^Oq1Ã â l

14457720.14
1 42524 12 .5 I
13930273.51
13089315.42
13329019.51
1 3337950.20
1 3426670. 90
1 3668950. 06
1391992 |. 19
130721 95.70
'| 3631952 . 58
14336064.12

25. 1

25 .2
¿a.J
25.3
25.5
¿o. J
27 .7

29.5
JU.3
e{ Ã

oJ. ¿
Jþ. þ
44.1
qôo

55 .4
58.1
ou. Þ
72.2

roo. o
'1 17.3
123.6
12A.3

143

130
148
139

ll8
{â^
'I 30
140
t0¿
1Àa

iq^

144
4 õ1

139
12A
127

\,J3

18.3 15.9600
18 .7 15.9515
19.3 |6.198 1

20.2 16.7706
21 .A 18.6518
24 .3 19.9052
27 .O 20.3866
29 . 1 20.6393
31.3 20.1111
32.4 19.3643
33.9 t8.6970
36.9 18.9485
42 .O II . 9504
50. 7 22.9494
61.8 26.4541
70.5 30.4112
78.2 32.0237
42.5 33.3319
0t,¿ J4.b4/5
oa o 2E EÉ4^

100.o 36.0734
106.6 35.8357
r 10. 9 35 . 0496
1 14.4 34.1340

o.48 1 33
o.54662
o.51723
9.¿+I t43
ô c I470
o.58004
o.584 |8
o.58725
v. ÞÞJú /
o.6s812
(J. t)bY / z
o.77994
1.04944
1.03129
r . ooooo
1.Ot696
o. 98764
1 .36828
1 .7903 r
I .72942
1 .6946 1

1 .72557
1 .67758
1.7475,4

K1

385290056 .67
37 43973A2 .72
368862039 .88
364410374.1A
3.3412233A.31
31467 4492.68
295185203.51
296968374 .83
284409293 .92
284148020.61
2698r8017.64
265132073.26
252407839.22
224493701 .73
224 196 132 .7 I
213845780.51
214404912.75
204903568.30
199069039.71
21 ,|30264I.68
222627533.66
238287266.41
231415122.93
229596653 .64

WK1 K2

100 10.1900
103 I . 0973
106 10.0459
109 I 1 .A247
1 12 | 't .6598
I 16 10.8707
r r9 to.6694
122 10.3740
126 lO. 5667
1 29 10.8634
132 'tO.8 t 10
136 11.3196
141 11 .7012
158 14.O991
185 1 l.1823
197 12 .0673
211 1 1.1596
232 10.4018
261 11.O195
294 13.5516
327 14.0663
347 1 3 .6000
363 13.0232
373 t3. O54 1

VCOST

4745.61
4880. 93
4888.75
5117 . 17
5846. t8
6263 . 38
6994 .92
6788.70
7496. 16

't707 
A .|

10396.9 I
11141.18
1 4700. 89
17631.02
19914.84
21255. l6
2t96l.06

,25578.45
24126.O2
33365.99
JbbJ4.4ð
38192.73
41851.08

Yé

o.20432
o. 20529
o.20553
o. 20665
o.21949
o.24405
o. 28209
o.29229
o.27805
o. 27089
o. 28966
^ 

211A I

o. 3974 1

o.57072
o. 70040
o.72132
o. 75697
o.81860
o. 88359
1 . OOOOO
1.o9953
I. I9867
1.19392
1.26419

WK2 K3

100 49.3299
113 48.9903
109 49 . 0439
97 49,2969
97 49 .9320

I 16 49.5329
124 50.1376
123 49.9567
150 50.0400
161 50.OO50
164 50. 3300
194 55. 18 l8
251 54.9417
212 55. 1683
203 55.2481
208 55.4746
213 5s.4098
34 I 55.3589
461 55.3625
397 55.3455
377 55.3760
38s 55 .4277
óõö Ð3 . 5ð / !,
388 55 .454'l

éq

37
49

Y4

2222321.60
2016613.38
2 10355 I .60
¿¿vÞ\r\rg. öÐ
2197993.25
2325849.26
2382552.60
2379119.78
2579895 . 59
2466617.77
2841596.03
2709555 . 54
2950277.27
2803854 . 03
2684754 .96
¿Tþ13óT.óJ
¿a¿¿oJó , qó
29544A€, .47
3244990. 65
3 17 2992 . 28
3237224.91
3214754 .03
32A147 1 .56
3368285.42

WK3 K4

97 834
103 830
114 810
12A 795
147 693
167 638
189 637
208 572
200 642
200 573
200 589
laa qcl

240 540
315 520

472 518
549 466
666 482
858 47 1

1 120 423
I zÞo 4q¿
1279 415
122A 40A
1 165 413

P4

o.42969
V.qJlYJ

o.46959
o.4129 I
o . 45'l04
o.48807
o.43364
o. 462S5
o. 50489
o. 45480
o .44296
o.49249
o.701 to
o. 7986 1

o.78213
o.83987
o.84738
o.86973
o.95589
o. 99999
1. 15979
1. 15020
1. 14899
1 .24385

Y1

bð3J / .44
132124.86
159164.15
l¿t tlq.qo

150858.43
1 80783 . 50
134121.50
1q7?7tr 

^E
17'1 557 . 66
1 42563 . 10
190161.02
I oÞÞ tþ . / Y
1 74089 . 69
1 42022 .3A
I 75752 .63
203402.s4
¿uzõJJ . v3
214697 .94
144860 .42
192187.98
2301 38 .43
250386 .85
227615.65
2075 1O.80

VARPlW

41 .63
¿¿. é3
7.41
9.89

70 .43

243 .40
147 .25

3. 16
752.61

1931.86
1329.84
853 . 79

2910.55
1866 . 7't
1708.07
2243.09
2 182.65
2609.76
1275 .09

VARP 2W

o. ooo89
o. ooo30
o. oo229
o.oot88
o.oo180
o.oo133
o. oo290
o.oo168
o. 00076
o. oo290
o.oo193
o. oo l06
o.006t2
o. 04035
o.02620
o.o1295
o. ooo52
o. 00069
o.07278
o.13701
o. 08526
o.o32lr
o.oof51
o.ool67

cov 1 2l,i

o.oo722
o. oo757
o. 36829
o.23273
o.1454s
o.oB153

-o. 05287
-U. U¿Jb /
-o. 02 l06
-o. 793 1 5
-v .3¿4 I 3
-o. 27093
o.1300 1

5. 30660
3 , OO403
't .20448

-o.12870
1.12158
o.47A19
8.58519
J. bbYCU
o .997 42

-1.91122
-o. 67536



T = time trend
x1 = crop inputs
wl = price of crop inputs
x2 = livestock inputs
w2 = price of livestock inputs
x3 = hired labour
w3 = price of hired labour
x4 = energy
w4 = plice of enelgy
kl = capital rnachinery
wkl = price of rnachinery
kZ = fann ploclucecl durables
wk2 = price of farm ploduced durables
k3 = farm lancl

wk3 - price of falm land
k4 = farnily labour
y1 - crop outputs
p1 = price of crop outputs
y2 = livestock outputs
p2 = plice of livestock outputs
y3 = dairy proclucts
p3 = price of daily products
y4 = poultry ploducts
p4 = price of poultry ploducts

Note: These variables are Divisia quantity indexes. Prices ale irnpiicitly derived as

inclicatecl in equation (3.1).
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