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ABSTRACT

The resource structure in Canadian agriculture has continued to

change since World Ìtrar II. Two major changes are mechanisatíon and

labor migration from the agrlculËural sector Ëo oËher sectors. Thus

the point of departure of this study ís to l-ook closely at the rela-

Èionshíps betr¿een Ëhese Ëwo streams.

According Ëo economic theory, labor and capital may substitute

for each oËher. Is thís really appropríat.e to explain the resource

structure of Canadian agriculture? In order to ansvrer thís question

the sËudy uses produeËj-on theory Ëo derive demand functions for each

resource and examine their relationshíp Ëo one another.

This study analyses the demand for farm machinery ¡,¡ith an dcono-

metric model. Among other relationships Ëwo important. measurements

were obtained, namely the elastieity of substitution and labor capital

adj ustmenË coef f ícienË.

Several existing models on the demand for farm machinery based

on CES production fuctíon were tried on Canadian data between 1960

anð, 1974 both at national and at províncial level. A parË of the

results will be discussed and compared at regional level. The results

indicaËe that investment behavíor in EasËern and l^Iestern regions are

quite differenË.
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CHAPTER I

INTRODUCTION

Since tr{orld tr^Iar II the Canadian farm labor force has declined

conËinually. Concomitant to this sectoral migration, total agrícul-Èural

outpuË has continued Èo increase. The upshot being that average labor

productivíty increased markedly. Mechanization replaced some farm

labor whíle ímproved chemícal and biological inpuËs have raised total-

productiviËy per acre. However, changes in agrícultural resource

sËructure have differed signíficanÈly beËween EasËern and l{estern

canada 
(10).

Since 1962 Shute concluded that agricultural productiviÈy has

íncreased sIíghËly at the rate of 0.3 percenË a year (18). 
Farm

ouËput increased at the annual raËe of 1.5 percenË between 7962 anð,

1973, while producËíon inputs were risíng 1.2 percent annually.

The disËrÍbution of inputs in total resource míx has been changing

significantly. Capíta1 equipment has become an increasingly rnore

ímportant factor whi-le labor has declined boËh relatively and abso-

lutely. Economic theory suggests that as real cost of l-abor increases

relative to the cost of labor-saving capiËal inputs such as farm

machinery, there ís an economic incentive to subsÈituËe labor extensive

inputs for labor intensive inputs.



Objective and Nature of Ëhe SËudy

Taking the above condltions of Canadían agriculture ínt.o account,

thís study aËtempÈs to ínvestf-gate the determinants of demand for farm

urachínery in Canada. Farm machines are durable productive agents

of which services are inputs ln th.e production of agricultural ouÈputs.

The theory of the finn suggests that the demand for those services,

í.e. for the stock of farn machínery, depends on the price of the

machínes, the priees of inpuËs which are close substitutes or com-

plemenËs, the price of output and other economic variables 
(tt].

The al-ternative explanations of ttmachanizatíont' suggested by the

theory of the firm may be examined in terms of the goodness of the fit

to the data of a demand function for farm machinery containíng these

economic varíab1es.

Thus this kind of study becomes an econometric study of the

demand for farm machinery. One of the advantages of this type of

study ís that knowledge of the demand funct,íon for farm machinery

may also provide useful knowledge on Ëhe responsiveness of farrn

investment to cyclícal fluctuaËíons in the demand for agriculËural-

products and on the elasticity of farrn ouËput wíth respect Ëo the

prices of. f.arm products and inputs.

Previous Studíes

Previous studies on farm machinery demand are by Rayner and

cowling (6), crLtíches (11), scorr and smyrh (17), Auer (2) 
"r,¿

Dhruvarajan (3). These stud.ies may be classified into Ewo.,catej

gories, that is, analysis of demand functíon for farm machinery



based on neoclassical- assurnptions and formul-ation and the invesËaent

function based on a macroeconoml-c accel-eraËor model.

The foll-owing chapters review (í) the theoretical model of the

demand for farm uraehinery, (í1) the source of data and construcÈion

of the major variables, (1Íi) Ëhe results of fitting alternative

explanation of stock and gross investmenË dernand and (iv) the dís-

cussíon on farmers adjustment behavior and the responsiveness of

farm machi-nery employrnent to changes in product and factor príces.



CHAPTER II

Theoretical demand funcËion of farm machinery

_ (13)
Jorgenson *J' reviewed numerous ínvestment model-s that starËed

with the flexible accelerator models developed by Kaldor, Goodwin, and

Hícks. Accepting Jorgenson's poÍnt of departure, Klein (14) orrtlirr."

the issues in conËemporary ínvestmenË analysis as fo1lows.

1. Specification of a functional relationship for desÍred invesË-

menL.

2. Treatment of repl-acement and capiËal consumpÈion.

3. Time strucËure of ínvestment decision and ímpleurentation.

4. Estimation methods appropriate to the investmenË model.

5. Testing of alternatíve models of investment behaviour - method

and results.

6. Applieations to policy and forecasËing.

rssues (1), (2) , (3), and (6) are covered ín the followíng sections

of this chapter and (4) and (5) r¿i11 be discussed in detail in the

followíng chapter.

Specification

MosË previous sËudies on the aggregate demand for agricultural-

facÈors have been based on the neoclassical theory of production where



farmers are assumed to maximise profits. However, some studies have

noË been based directly on econornic theory, rather they have taken into

account economic íssues in Ëhe choice of varlables. The underpinnings

of the econometric hypothesis are based upon economic Èheory, intuitive

reasoning, or instíÈutional Ínformation.' If the study fails to explain

or forecasÈ farmers irnrestment behavíor neaÈly this structure provídes

more information about the subject Èhrough inÈerpreting economic par-

ameÈers hypothesised and tested.

(a) Static demand fuction for farm machinery

T'arm machinery is a durable good and the annual influence of farn

machinery services upon agriçu1-tural production is provided by the stock

of farrn machinery not by the quantity of new farm machinery purchased'

during the production period. If we deal wiËh the J-ong-run equilibrium

demand function, annual-purchases are hypothesised to be linked to Ëhe

price of farm machinery servíces (Pn), Ëhe expected price of product

(P--) and the prices of other inpuÈ fl-ows, especially iËs substítuÈe
v

labor (Pi,). As the next step we have Ëo specify the homogeneiËy of the

functÍon. . If the homogeneity of degree zero is assumed, then Èhe dernand

functíon for farm machínery services is strictl-y a funetion of rel-ative

. (6)
prrces

Since the elasticíty of subÉtitution between inpuËs is unknown

a priori as unity as well as returns Lo scale, Ëhere is no reasori to

reject the CES (Constant Elasticity of SubstituËion) technology which

has broader concept of factor substiËution in production than oËher

theoretical production Ëechnology such as Cobb-Douglas or LeonÈief type

technology.
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Assuming agricul-tura1 technology can be depicted by a CES relation-

ship, then the following function is appl-icable

Eq. 2-1

where Q denotes output and S and L denote the stock of farm machinery

and hours of labor respecËively. The production function may, of course'

conËain oÈher factors of production. Assumíng neoclassical profit

maxímisation and a competitive market, then the fol-lowing relationship

from the firsÈ order condiÈion .*i"t".1

Q = A(ars-b + art-b * - .r-v/b

I
(s/L) = "(PrlP,o)E

If an esËímate "f # , elasticity of

and labor, is signífícanÈly different

decisions can be explained by the CES

períod.

Eq. 2-2

substituËion between farm machinery

from unity, then farmerrs production

production function in the time

1. Assr:míng the CES production function (Eq. 2-L) and that the price
of product is P__, then the maxÍmisatíon may be formulated as follows.'v
Maximise: ?r=PQ -P S -P-L. Thefirst order conditions for
maxímisaËion areY' m L

an/âS=p(aO/âS)-p -0 Eq.2-3' y' '' ' m

anlar. = rr(âQ/âL) - P, = 0 Eq. 2-4

1

1+ba2_?q
âL

_ag
âS

' [j]4I
Eq. 2-5



The demand for farm machinery services

st = ao (Pr/Pr), + al (PylPn) 
È

can be descrlbed as2:

Eq. 2-6

then the average farmor if economies of scale are

size (Fa) rnaV be included ín

taken into accounÈ,

Eq. 2-6, thus

St = bO(Pr/Pr,)r + bl(PylPn)t * b2Ft Eq. 2-7

where S* denotes an equilibrir.un or optimal- l-evel of sËock of farrn

machinery.

(b) Dynamic demand fuction for farm machinery

It is extremely unlikely that farners adjusË the stock of farn

machinery to iLs desireil 1evel and reach the equilibrium positíon aË

the end of each period (17). 
Assuming this to be more likeIy, then

farm machinery purchases are in disequilibrir¡m and farmers adjust Èhe

acËual stock of farm machinery tor¡ard the desired leve1 in response

to changes in relatíve prices. To account for this a partíal adjust-

ment model ís combined with the statíc demand function in the following

equations ,

Sr-St_l -t(SË.Sr_t_) Eq. 2-8

where St = f (%/tr), (Py/Pn)t, Ft) and 0 < r < 1.

are derived from Eqs. 2-3, 2-4 ar'd 2-5.2" Eq. 2-6 and Eq. 2-7



ís

the

is,

Thus,

Thus,

1oBS. = rloeSf + (1-r)loBSr-t_

In both model-s, Eg. 2-9 and Eq. z-LL, Ëhe

adjustment coefficienÈ. Equation 2.L2 ís

equilíbríum demand function for Sf'

S. = rS[ + (1-r) St_1 Eq. 2-9

The al-ternative way of rePresenting Èhe above adjusËmenÈ process

to hypothesise that farmers adjust the percenËage difference bet!,reen

optímal sËock l-evel ín year t and actural- stock ín year t-1, thaÈ

S./Sr-1=(sf/s.-l)t Eq. 2-10

Eq. 2-1L

coefficient r is cal-l-ed

derived by substituting

an

Ëhe

s, = f( (Pn/PL)Ê , (PylPm)r , Fr , St_l) Eq. 2-L2

IÈ is plausible to assume that the rate of adjustment depends

mainly upon líquidity conditíon of the farm, that ís, available funds

for capital expenditure including interesË rate and credit availabiliry (3).

Farm cash receipts and realísed farm net íncome have been utilised as

indicators of Ëhe available funds in predictíng expenditure for farm

machinery. There is no síngle interesÈ raËe in this study and, espeeía1-l-y,

ít is not possíbl-e Ëo obtaín interest rates for different. regions.

Moore 
(16) fr"" demonstrated that farm machínery sales in Èhe

current year are highl-y correlaËed (90 percent) wíth the chánge in

net farm income in the previous year (14). rn this study realised net
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incorue ís used as a proxy variable explaining the Ínfluence of fínanciaL

availabil-iËy of capital funds.

(c) Net Stock Adjustment Model

In a prevíous section the disequilibrium farm machinery demand

model has been discussed and thís sectj-on copes wiËh an adjustment

model in more detail-. Since there ís likely to be a l.ag of some years

before full adjustment ín the factor proporËions is made to g. change in

Ëhe relative price prices, iË is necessary to introduce an adjustmenÈ

mechanism into our investment demand model. One of Ëhe advantages of

the adjustment model based on the theoretícal demand function for farm

machinery is to provide us both shorÈ-run (disequilibríum) elastícity

of substiËution and long-run (equílíbriun) el-asticity of substitution.

Assumíng Eq. 2-L represents agricultural technology and farmers

maximíze profitr'the opËi-mum use of farm machinery, S, can be related

to ari alternate facËor, L. and their relative price.

ln(S) = consr. + s.ln (P"/Pr) + tnqt¡ Eq. 2-I3

The above equation shows Ëhat the optimr:m level of

machinery is a functíon of relatíve príce of labor

and the level of labor emþloyment.

If we accepË the wel-l known approximation of

means of Gomperts curve

stock of farm

to farm machinery

stock adjustmenÈ by

S = S*AB Eq. 2-14



t0

where Ë is time, then the fol-i-owing equatlon is obtained as a flnal

_3tunctÍon torm .

lnS. - 1-nSa_, = a(lnS* - LnSa-r) Eq. 2-15

If 1n(A) is less xhan zero and B ís greater than unity, Ëhen S converges

to S* as time goes on; and the raËe of change of the stock, S, depends

upon the díscrepancy between actual and desÍred level- of farm machinery

stock.

The rate of change of stock can be approximated by the change of

the stock of the natural log forn during the current period, so thaÈ

dln(s) /dt = ln(s.) - l-n(s._r) Eq. 2-16

and thus the equation (2-15) is obtained. It is evidenË the hours of

labor employed cannot be consídered independent of the relative price

of labor Ëo farrn machinery, nor is ít appropriaËe Ëo assume the adjust-

ment in the labor force occurs instantly. To account for this equaËion

(2-L7) is introduced.

The equaËion can be derived. as follows. The equaËion 2-L4 can be
transformed into natural- 1-og forni

1nS=1nS'**sËlnA

dlns/dr = BrlnAlnB

StlnA=-(lnS*-lnS)

dlnS/dt = a(1nS* - 1nS) where a = -1n8.

3.

SO

but

SO
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1n(t./L._1) = b(1n1,* - tni.r-r) Eq. 2-17,

where L* is the optimr:m 1evel of labor employment. If the adjustment

of labor employment can be expJ-ained in Ëhe same fashion as the level

of farm machinery is explained ín Ëerms of GomperÈs curve, then

lnS* = const. f sln(P- /P ) + tnf,*
LM

Combiníng the equations (2-L7) and (2-18) ' the

is obÈained.

Eq. 2-L8.

equaËion Q-L9)

l-n(s./s._r) = consr. * asln(PllPn) + fr rn(r.. /r"-r) - aln(s/L.-r)

Eq. 2-L9,

where as, afb, and a denotes short-run elasËicity of substitution'

short-run labor adjusËment and adjustment coeffícient respectively.

Solving the above relationshÍps with respect Èo s and b, long-run

elasticity of substitution and labor adjustment, can be obtained 
(17).

Treatment of replacement and capítal expenditure

Gross investmenË in farm machinery in year trl, , is equal Ëo net

invesËment in year Ë, (St St_t) p1-us replacement investmenË in year

t, Rt. Net investment represents the adjusËment which ís made in year

t Ëoward the equílibriurn farm .stock i.n that year. Therefore, ít ís

limiÈed to the varíabl-es detemÍning the equílÍbríum stock and by the

leveL of stock in the previous period. "The coefficient of beginnÍng

capital sËock in equaÈions for gross capítal outl-ays can be eiËher
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negative or positiverr whil-e the begínning capital stock has a negative

ínfluence on net ÍnvestmenË 
(14). 

The demand functíon for gross invest-

ment is f ormul-aLed as f ol-lows.

G, = S, - sr_1 * Ra = f.(pm/PL, r"/r_, Fr, Yt_1, St_1) Eq. 2-20

SÍnce actual replacement occurs ín a world that is changing Èech-

nologically, it is hard Èo ídentify any particular investmenË outlay

as being stTictly for replacement ín whole or part.

Time structure

PresenËJ-y íÈ is accepted that a lag period exists between actual

investmenË and investment decísion. Jorgenson (13) suggests the possible

stages involved in the investment process:

1. planning the projecË,

2. securing fÍnancíng,

3. preparaËion of blue print,

4. consËruction of fabrícatíon,

5. modification during gesÈation period, and

6. insËal1ation.

The above may be, in general, Ëhe possible reasons for the exístence

of lags between Ínvestment and ÍnvesËment decísion. However, in

agricul ture some special instiËutional fact.ors should be considered.

For ínstance, the final paynentfrom Lhe pooled price of wheat is available

L8 months after sales period.

Basicall-y this study adopÈs Nerlovers parËial adjusËment model

and data availabil-Íty requires that the adjusËment be estimated in
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terms of annual abservatíons. However, the actual adjusÈment period

nay be longer or shorter. Since Èhe measurement of farm maehinery in

this sËudy contains all types of farm machines and equipmenË for dífferent

types of production, 1-ag períods existíng between declsion and actual

ínvestment of these nachines dl-ffer from each other. However, the

forrnulation and estimation of aggregaÈe model 1-ag periods for farm

machínery must be assumed to be equal. If the assumption of homogeneity

does not hold, then one may have so-called raggregation biasr on the

estimaËes.

Application

Elasticity of subsËítqtion between capital and labor ís a funda-

mental parameter describing the strucLure of productíon ín an economy

or its component sectors. This elastícity is a aeasure of the relative

ease with which these factors may be substituted ín production; and for

Lhís reason, it plays a crucial- role in most modern partial and general

equÍlibrium models of Íncome distributíon. CES (Constant ElastíciËy

of SubstiËutÍon) productÍon function shows that under the assumptions

of (i) constant returns to seale; and (ii) purely competitíve product

and factor markets, the elasticity of substitution may be estimaËed

from the first-order profít maxímisation condition of a farm. Since

the demand analysis of farm machinery discussed in this paper Ís also

based on the assumpÈions of CES Ëechnology and profít maximisation

prínciple, the el-asticity of substitution may be estimated from the

hypothesized relationships.

The estimation of the elasËicity of substitution is cerËainly one

of the objectives of the sËudy as well as the estimation of adjustment

coefficients.
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The other roajor componenË of study is to forecast Ëhe expenditures

on farm machinery, although theoretical-ly the formulation of model-s

of lnvesËment d.emand does not díffer from model-s for analytical purposes.

Prediction however, has some difficulties. Some of the expl-anatory

variabl-es which deËermine future investment levels are not known and

musË be estimated. The other dífficulËy ís the changíng structure of

the Canadian economy. If in the fuÈure the sLructure of economy differs

sÍgnífícanÈ1y from the conditions under which the observatíons were

determined, then the model may not be an accurate represenÈation of

fuËure everits. NeverËhel-ess, it may be sËil1 useful for obtaíning a

general perspecËive of fuËure trends.
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the possíble rel-evant índependent variables in it. If these omitted

variabl-es and dependent variabl-es are serial-ly eorrelaËed and l-t is

f-ikely Ëhat the omiËËed varÍables and lagged dependent varÍables, such

as S . r are also correlated and then upward biased estimates may resul-È.
t-r -

To cope wiÈh Ëhis probl-en the regressions \,rith first order serlally

correlated errors have been applíed and the results are tabulated in

Appendix C.

ZeLLner estímaËed coefficients from a system of regression equations

to incorporate the distrubances in differenË equaËíons which are con-

Ëenporaneously correlateU Qt' 4). In other words, the invesËment of

farmers in one region may ínfl-uence economic activities including farmers

invesËment on farm machinery in other regions and these relatÍonships

should be accounted for ín the estimation procedure. Zell-ner proposed

a method which applied AiËken general-ised least squares estimation to

estimaËe the covariance matríx. Furthermore, Dhruvarajan suggested

Ëhat ín many siËuations where ZeLLnerrs method is líkely to be useful,

particularly in time series applications, both contemporaneous and

seríal correlations aïe encounËered among disturbances of dífferenÈ

"qrr"tiorr"(4). The Three Stage Least Squares analogus method of esti-

maËíon has been proposed by Dhruvat"S"o 
(5). 

The estimatÍon of coef-

ficients based on these methods shall be discussed Ín the extended

version of this study in the future.

Simultaneous systems bías is not serious since both the priees

and ouÈput of agricultural products and the príces of agriculËural

ínpuÈs can be assumed to be predeËermined. The reason being that

farm machinery purchases are highly unlÍkely to influence agricultural

production prices in the shorË run, both because the output effect of
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the purchases may be small- and agricultural production is subject to

relatively large random flucÈuation 
(11). The supply of farm machinery

is dominated by somewhat oligopolistíc firns and 1t is not subject to

price dependent activities in the perfectl-y competitive markeÈ in the

shorË run. The supply side of farm machÍnery ínvestment is interesting

and important subject in the investment study, since adjustment process

changes in labor employment, output and net income may be influenced

heavily by Èhe avaíl-able supply of machinery'

Testing

since the model discussed in the paPer ís based on the received

theory, the hypothesis on cES technology must be t-ested in additlon

to the ordínaI staËistícal tests for Èhe estímates. The tesËs, hoT'rever,

may not be based on unbiased estímaËes and since autocorrelation

simultaneous bias may exisË. In other words' even if the model passed

all tests iÈ may be stil-l inappropriaËe explanatíon of the real system'

Klein (14) rrites thaÈ "Until I see a Large battery of extraporation

t.esËs on a multi-period basis from complet.e system solutions, I cannot

accept rankings of superioriËy of investment functionsr'.
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CHAPTER IV

Resul-ts

TesËs for the CES assumptions

The demand relaËionshíps for gross investment and farm machinery

stocks assume a CES (Constant El-astícity of Substitution) production

function, it shoul-d be examined whether the CES technol-ogy is applicable

to explain farm machinery investment. In other words, it has to be

tested whether the estimated elasticity of substituËíon is signifÍcantly

differenÈ from uniËy.

The equation estimated is as follows.

1n(S/t) = lna * e'ln(Pr/r") + u Eq.5-1

where e denotes 1/(b + 1) in Eq. 2-2 and constant t,erm is ln(a).

The results shown in Table f. indicate that the CES technology Ís

an appropriaËe assumpüion in Manitoba, Alberta, and AÈlantic provínces.

Becuase auËocorrelation is a serious problem ín the equations for all

provínces Ëhe esti-nates could be incorrecË1. Therefore an elastíciÈy

of substitution coul-d be equal to unity for all cases. IncidenËly, the

Durbin-I{atson raËio indicaËes Ëhat the equaËion for all provirices except

Quebec caffiot rejecË the null hypothesis for exístence of negative

auËocorrelation.

The esËimaÈes of the parameters are statistically unbiased when
Ëhe urs are temporally dependenË, however, theír value in any
single sample is not correct.

1.
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Table 1. The Provincial estimates
with a cES function.

of Farm MachinerY Useage

r-value st=(ê-L) /5.8. (ê) R2 d.w.

Canada .423

Atlantic .826

Quebec - .2L6

Ontario .108

Manitoba .828

SaskaËcher¿an - .599

Al-berta L.L47

BríËish Columbia .I94

3. BB

L.77

2.L9

1 .01

4.269

2.38

6.84

L.7 4

- 5.29

- .373

-L2.40

- 8.34

.897

- 6.36

.877

- 7.23

.98

.85

.97

.97

.70

.48

.93

.98

.4L

.43

r.94

L.27

.55

I .05

.65

r.43

Another \Àiay to test the appropriateness of the CES modei- is to

estímate the following equation and ex¡mine whether the factor price

Èerms are equal but oPPosite sign.

ln(S/L) = 1na * c'ln(P") - d'ln(Pr) * u Eq. 5-22

The equation (5-2) impl-ies Ëhat if c

theoretical demand functíon derived

be said to be homogeneous of degree

and d have the same magnitude the

from a CES production function rnay

3zeto .

2. Taking the 1og of both síde of equaËion (2-Z), we have

ln(s/r)=1na. # ln(Pr)- # 1n(Pr)

r¡here constant Ëerm is 1na¡
3. ThaË ís, the same percenËage íncrease or decrease of prices of farm

machinery and Labor does not affecÈ the quanËiÈy denand.



20

Two dífferent estimation methods have been Èried to the same

formulation, namely, the ordinary LeasË squares and oLS wlth fírst

order autoregressive scheme. An equation which has a lower standard

error of regression for each province is selecËed and Ëabulated ín

TabLe 2.

labLe 2. The Provincial estimates of Farm Machinery stocks lIíth
Equatíon 5-2.

c (Pr) d (PL) Ratío (d/c) R2 d.w.

Canada

Atlantic

Quebec

Ontario

Manitoba

SaskaËchewan

Alberta

British Columbia

.963

-1.88

- .902

- .365

-1 .35

.572

.393

.382

.806

1.36

.725

.2BL

L.27

- .573

- .543

- .733

.84

.72

.80

.77

.94

-oo

-.72

-.52

.96

.89

.74

.97

.79

.48

.75

.94

t.57

.918

.302

I .08

.870

1 .03

L.07

t.26

In all provinces except Quebec the equation based on first order auto-

regressive scheme has a lower standard error of regression. Thus some

degree of autocorrelaËion exísts in the model-. One of the sources of

existence of autocorrelation may be the effects of the o¡nitted variables

that are unknown or diffícult to measure. However they may be correlated

with other independent varíables. In Ëhe case of equation (S-2) the

economies of scale variable is omitted and this may be a source of

autocorrelation, although this may not be Ëhe only reason.
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In al1 regions, estimates, c and d, have the similar magnitude

(see, raÈíos shown in Table 2) and opposlte signs. saskatchewan,

Al-berta and British Columbia, however, have a díffetent palr of sígns

on tI¡Io parameters f rom other ptorrirr""".

In economic Ëerms, 1 percent rise ín relative price of labor to

farm machinery bríngs 0.5 percent to 1- percent decrease ín farm

machinery labor ratio. In other words, farm machinery cannot be said

a close substiÈute for labor ín these three provínces whil-e in Eastern

provinces farm machÍnery appears Èo be a subsËitut.e for labor. One

possíble reason being thaË far¡n machinery is a complemenË Ëo labor ín

WesÈern provinces in the expansion of agricultural production. If

proper measuremenÈ of the level of expansign- of agriculture is incl-uded

in the model, more clear-cut results abouË substitutatílity or comple-

mentarity of labor and farm machinery becomes evídent'

Takíng into accounÈ the above resulËs from two kinds of test, ít

may be saíd that generally the CES model can explain the production

processes of Canadian agriculture.

Dífferences in production Èechnologies, regíonal factor and producË

markets and other locational divergences are basicall-y accounted for

through ín terms of rel-ative price ratios of ínput factors and output.

However, the exísting príce vecÈors do not refl-ect farmersr expectations

about future facËor and ouËpuË príces, the influence of risk and instí-

tuÈíonal uncertainËy. These dynamic influences suggesË thaË in addition

Ëo the elasticity of substitution an adjustmenË rel-ationship should be

íncluded.
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AdjustmenË lags in far¡n machinèry irn¡eéËment

The equatíon 2-L9 was estimated for each province and is shor¿n

in Table 3. It 1s assumed that c, d, and efd axe nornally between

0 and 1. However, they can be greaÈer Ëhan 1 fn the case where the

adjustment process, in oÈher words investment behavior, ís unstable

during the observed time periods. Contrarily, the short-run and 1-ong-

run elastícity of substituËion may have any val-ue depending upon

whether agrículture produetion ís expanding or contracÈing.

In Prairie provinces the elasticíty of substítutíon was found

to be positíve with respecË to relative price of farm machinery Ëo

labor (?n/PL). tr{hen compared with other Provinces the adjustmenË

coefficients of farm machÍnery are relatively large and range from

0.27 to 0.55. That is, 27 petcefit to 55 percenË of discrepancy between

actual and désired st,ock of farrn machinery is fulfilled within a year.

The shorÈ-run labor adjustment coeffÍcient has also large proportíons

relative to oËher provínces. It may be said, therefore, that the

agrÍcultural producËion in Prairíes has been expanding during Èhe

observed periods. One may raise a question abouË Ëhe negative sign

for the adjustment coefficient of farm machinery in SaskaËchewan and

British Columbia. One possible reason may be the omission of variables,

such as economies of síze. The mode.l- díscussed here is aggregate farm

machinery investment and Ëhus all tyPes of agricul-tural productiori are

included. Therefore, Ít is noË sure that ouËput level or farm size

are appropriate explanations of the economies of scal-e. For Ëhís reason

varíable of economies of scale has not been íncluded'
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Table 3. EstjmatÍons of dynamic investment equations for
farm machinerY

Independent
Varfabl-es

b R2 d.w.(Pm/?r), (Lrli.r_1) (s/L) - ,L- J.

.006 .815** .003 .99 .7L

.308 .820** .005 6t.6 .006 .99 1.33
Canada

-.080)t -.252** .016 -5.0 -. 063 .88 L.97

Atlantic
Provinces -.044 -.245** .012* .93 I .40

-.023 .540** .o27** = .84 .05 .99 2.L9

.0004 .540** .o25 .99 t.92
Quebec

-.008 .604** .0L2 .67 .a20 .99 L.66

.020 .604** .009 .99 .96OnËarío

.otz .631** -.009 .95 .94

Manítoba .856** .861** .554 1 .55 .64 .98 .80

.034 1. L2** .273** .t20 .243 .98 .82

Sask-
atchewan -.2r7 1. 14** -. 508* .99 1.63

. 153 .693** -.053 .99 .98

Al-berta 1.304** .860** .550** 2.37 .64 .99 r.L7

.162** -.326xx -.o27x* -6.04 .08 .99 1 .03

British
Columbia -.029** . 2 10** .327x* .97 1.53

* and :t* put on the estimate denote that the estimate is staÈistícally
signifÍcarrt "t 5 percent and 1 percent confidence level- respectively'

Long-run el-asticiÈy of subsLitution of farm machinery and labor, s'
and long-run labor adjustment coefficienË, b, are calculaËed based

on the ãquation which gÍves smaller standard error of regression.
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In general Ít nay be said that farms in the PrairÍe provínces tend

to expand and it is expeeted that the relative price of. farm machlnery

to labor rnight have posfËive sign and average farm size (Fr) ruaY have

also positive sign in a demand functíon for gross investuent and net

stock of farm machinery.

In Eastern provínces, on the oËher hand, el-asticíËy of substitutíon

is negative and is of low magniËude. Farmers ín these provinces may

be said, therefore, to be insensitíve to Ëhe relative príce ín shorË-run,

although long-run elastícíty of substitutíon of these provinces is ranging

from -0.67 to -5.0. The short-run labor adjustmenÈ coefficienË for

these provinces except Atl-antic provinces is fairly high.

As we see ín Appendix C, the results of estimaËíon for Eastern

provínces as well as British Colunbi a are somewhaË odd from theoretícal

poinË of view. One possible reason ís raggregation biasr.

It should be noted that the estímates from our models are unbiased

íf and only if the models are free from |simul-taneous system bías|,

taggtegation errort and romíssion of variablest. As discussed in

Chapter 3 simultaneous systeu bias may not be seríous for this study,

however, the other. two may be crucial, especÍa1-ly aggregation error.

Assumptions underLying in aggregation are:

1. neoclassical assumptions such as profit maximising behavior

and a compet,iËive rarket,

2. no externalities exi-st, and

3. homogeneity of subsystems that are to be aggregated.

If the composition of agricultural product.ion sysËem and farm

machínery aïe assumed to be the srme as well as dairy farmerts invesË-

menÈ decisions being similar to grain farming, Ëhen Ëhe models presented

here can be free frorn aggregation bías.
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However, in Eastern provinces and BriËish col-umbia, agrleultural

production system has been díversified to a certain degree and the

composition of producËÍon has been changing durtng observation period

while in Prairie provinces, agricultural productíon is based malnly on

grain and crop productÍon, thus the system is monocultural ín some sense.

Speed of response to the discrepancy between actual- and desired

leve1 of farm machinery stock seems to depend uPon:

1. farmersr abílitY to finance'

Z. relative price of farm machinery to other factors and outpuË'

and,

3. institutíonal issues, such as quota system, dairy polieíes

and Canadian tr{heat Board paynent sys-tem'

However, the suppl-y síde condítions of farm machinery have not been

considered. If market of farro machinery ís assumed to be compeËitive'

the supply condítions are reflected in máchinery prices' Ilowever, the

farm machinery industry is dominated by a few firms. IË is not known,

however, how Ëo adequately specífy a model- that depicts oligopolistíc

behaviour and therefore Ëhese relatíons Tteïe noË considered expliciËl-y.

Since supply conditions of farm machinery and some institutíonal

issues which can influence the demand for farm machinery are riot taken

into accounÈ in the models here, some bias due Ëo omísison of variables

may be evidenË.

Gross investment demand for farn machinery

The sign and significance of estimates from gross investment demand

function (Eq. 2-20) are shown ín Table 4. Regression equations estimated

by Ëhe OLS with firsË order autoregressive scheme provide better esËimates
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Table 4. Estímates of Factors Influencing the Gross Investment
of Farrn MachinerY

rndependent p /p. p--/p^ yr-1 F. st-l R2
Variables -m'-L Y' m

<*l " tÏ*l 
+ 

tool .s7 *b

.78
Canadaa

Atlantic
Provinces+++'68

.90 *

.83
Quebec ++

.94 *

OntarÍo (*) (*) .7 7

+++++
(*) (*) (*) .7 s

Manítoba
++
(*) (*) .77 *

+ + + + + .59

Saskatchewan+++'86*

++
(*)

a. The result on upper line is obtained from Ordinary Least Squares and

on lower line is from Least Squares wiËh first order auto regressive
scheme.

b. The equaÈion puË on an asterisk has smaller standard error.

c. * and ** Índícate Èhat the esËímate is signifícant at 5% and I% Level
of confidence respectively.

.76 *
Alberta



27

than the oLS in terms of sËandard error of regression. One possíbl-e reason

for the improvemenÈ is that some of the unknown variabl-es are correl-ated to

other independent variables. ¡sa sl<¡mpl-e, technological- improvements and

qualíÈy ehanges in farm machínery l^Ias not rePresented by the purchase

price and subsequently omitted from the model. The autocorrelation

probleur could also result if the composition of farm machinery purchases

changes from year to year. The varíable farm machinery sËock represents

various Ëypes of equipmenÈ. In each agricultural sector farmers have

different price expectations and their investment behavior nay vary

accordíngly. In thís case the autocorrel-ation is related to aggregation

bias. The relaËíonship beËween aggregation bias and seríal correlation

shall be sÈudied in Ëhe extended versiori of-this study. As expected

the relaËive price of farm machinery to labor has a negative sign in

rnost provinces except ontario, Manitoba, saskaËchewan and Alberta. The

average farm size has positive effects on gross investmenË ín Prairie

provinces and Quebec and. Ontarío. In Prairie provinces production the

trend is tor¿ards extensíve use of labor and farm machínery which indicates

the existence of economicies of scale. The same argumenË seems possible

for 0ntario. The price elasticity of gross investmenË obtained from

the double log forn of Eq. 2-20 are shown in Table 5'

Praírie provinces and Ontario have relatively high elasticity of

gross investment vrith respect Èo the relative price of ouÈput to farm

machinery. In these provinces excepË Alberta the elastÍcity of gross

ínvesËment with ïespeet to the relative price of factors is positive.

The fíndíngs coincide r,rith the resulËs obÈained from Eq. 2-2O esËímated.
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Table 5. Short and Long Run EstimaÈes
Farn Machinery

for Ëhe Investment. of

with respecË to
P /P.ML

PlPym

Canada

Atlantic

Quebec

Ontario

Manitoba

Saskatchewan

Alberta

British Columbia

-2.72

-3.58

.L26

L.47

6.35

.239

-3.24

.17 6

.1_31

.055

.523

1.13

2.60

.815

I .30

.869
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Net Stock Dernand for Farm Machinery

The sign and signífíeance of estímates obtained from Eq. 2-L2

are presented in Table 6. As far as the hypothetical sígn conditíons

are concerned, l-easÈ squares wiÈh fírsÈ order autoregressive schemes

provide expected signs. Hor¿ever, the equation with Ëhe smallesÈ standard

error ís chosen for further discussion. LeasË squares with first order

autoregressive scheme agaín províde bet'ter esÈÍmates for Praírie provÍnces.

The model presented here ís based on stock adjustment model and

therefore the-.next Ëask ís to píck up the adjustment coefficient and

determíne the long-run elasticities of net stock demand as well as shorË-

run elasticÍties. These elasticities for individual- regions are shown

ín Table 7.

As shown in Table 7, the elasticity with respeft to factor príce

ratio of Eastern provinces ranges between -.2 and -.4 whíle the elasti-

city of neË stock with respect to Ëhe factor price ratio is less than

-1.0, except for British Columbía.

On the oÈher hand, the stock demand el-asticities with respect to

the ratio of out,put price Ëo price of machinery in AËlantic and Quebec

provinces are negative while in other provinces the elasticiËies are

positive.

In British Columbia the sítuation rnay be that farmers are aËtempting

Ëo íncrease the capital labor ratio to meet labor movement from agri-

cultural sector to the other sectors
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TABLE 6. Net Stock Demand for Farm Maehinery

,r/r" ,r/r^ Yt-l F. st-1 R2

Canada (**) (**) (*) .98

AtlanÈic
Provinces (*) (*) (**) .80

Quebec

+

(,r) .94

Brítish
Columbia -99

* and ',t* puË on denote that the estimate is staÈístically signifícant
at 5 percenÈ and 1 percenÈ confidence level respecËiveJ-y.

(**)
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TABLE 7. Long and short-Run ElasticíËies for Farn Machinery
Ïnterests

Elasticity with
respect to

P /P-
ML

PIPym

short-run - long-run shorË-run long-run

Canada - .974 - .955 -.287 -.275

Atlantic .380 -1.13 -.019 -.057

Quebec - .365 -L.34 -.074 -.271

OnÈario .243 .705 . 114 .080

ManiËoba -1 .36 -r.29 .015 .014

Saskatchewan -1 .03 - .942 .204 .tB7

Alberta -1. 13 -1 .05 .110 .LOz

Brítish
Columbia .089 .087 .256 .250
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CHAPTER V

Conclusions

As we discussed and hypothesised previously investment behavior

of farmers with respect to economic varíables are quite different in

Eastern and l{esËern Canada and in indívldual provÍnces.

Several existing modeis for the demand for farm machinery based on

CES production function T¡rere .estimated wi.th eanadían data between 1960

and L974 both at national level and at Ëhe províncial level. A part

of the results har¡e_ been discussed and compared at regional level.

Generally speaking the iroportant varíabIes are relative price of

machínery to labor, relative price of product to machinery, lagged net

íncome and aveiage farn síze. Above all average farm size takes a rol-e

as an explanatory variable of economies of scale, although the change

of Èhe variable over tíme is quite slow.

Difficulties underlying in thís kind of study is measurement of

capital equipment, farm machínery, and how to cope with technological

changes in farm machinery, labor and production of agrlcultural- products.

IÈ may be said that models presented here are based on theoretical

producËion functíon r¿here some special- type of variables such as weather

and ÍnstituËional control are omítted. Since v¡e assume that these factors

are neglígibl-e or cancel ouË, as a aaLter of facË they are not, and

exclude the variables, thus our estimates m¡y be biased. Therefore

we have to Ëake Ëhe resulËs discussed here with a grain of salt.
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In this study especially in adjustment model some special assump-

tions which are hard Ëo believe are employed. They are: (i) adjustmenË

period and observation perlod are coincident, (ií) al1- types of farm

machinery have uniform adjustment lag period and all farmers have the

same ecolomic expectations, although there are no rationale to believe

so. As discussed in Chapter 4, aggtegatíon errors are not properly

t,reated in this studY.

Further study may be suggested as follows. Models discussed in

ÈhÍs paper are aggregate model in Ëerms of farm machinery, and as

mentioned above it cannot be assumed the uniform compositíon of farm

machinety and uniform adjustment lag, thus dísaggregate model should

be analysed. th,e other possible expansion of this study may be the

developmenÈ of dÍsËríbuted 1ag model based on disaggregate model in

order to fully analyse the adjustment behavior by Èype of farm machinery

and by regions, since we found out signifícant difference in adjustmenL

behavior of differenÈ regions.
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Data sources and major variables

The daËa and the major variables

Ia : Farms gross capital expenditures on farm machínery ín L961

doll-ars. The undef lated data are f rom F.arrh ImplenenË and

Equipment Sales, (Cat. no. 63-203 Annual' StaËistics Canada).

Sa : Net stock of far¡n machinery in 1961 doll-ars. The data ate

based on 1958 Farm Survey Report No. 3 (CDB), Farm Net Income,

(CaË. no. 2L-2OZ Annual-) and Census Reports (196I, L966 and

L97L, Statistícs Canada).

(P ). : Index of price_ of farm machinery. The' m't source is Prices and

Price Indexes, (CaË. no. 62-002 Monthly, StaËistics Canada).

(Pr)a : Index of price of agricul-tural products. (Statistics Canada

Y,

CaÈ. no. 62-002).

: Real-ised farm net income ín 1961 dollars. Statistics Canada

(Cat. no. 2I-202).Farm Net IncçEne,

L Nr:mber of workers employed

ReporËs in 1961, 1966 and

Average farn síze measured

from Census Canada íssued

in Agrículture.

I97L are refered.

Canada Census

Ft by acreage per farm. The daËa are

in 1961, L966 and 1977.

In this sÈudy the sËock of farm machinery Ís measured in terms of

dollars, and thus Ëhe measurement of quality of farm machinery becomes

serious. Does the value of sËock take ínto account Ëhe qual-ity change

in farn uachinery? Rayner suggested the use of quality price índex in
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order Èo deal wiËh the problem and GrÍl1ches suggested thaË, "The deflated

series of expendítures on tracLors does take into account qual-lty changes

for which a price is paid". (6'11)

However, ít ís hard to say Ëhat changes in price reflecL al-l- the

quality changes in farn machinery. Even íf we use total horse poI¡Ier

as a measure of stock of farm machínery' I¡Ie may not reflect all possÍble

qual-ity changes in farm machinery. These omítted quality changes may

correlate with oËher independent varíables to some exËenLt thus we may

have biased esËimates in our regression. In particular the effects

r^¡il1 be appearing on esÈimates of price elasËicity.
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TABLE 8.1 Farrn Machinery Investment Equations for Canada (l-960 - L974)

Dep.
Var.

Eq. I
I t

Eq.

constant

lnI t

4L.66

Eq" 3
S t

.01

50. 59
J.

(2.64)

Eq. 4
lnS

P /P-ML

67.48

Dep.
Var.

-9. 88

13.49

Eq. 5
tn S/K

2.93

PlPym

-2.7 2

Eq. 6
ln S/L

2.08

-L9.69

4. 11

Eq.

1n

st-l

.131

¡t*

-.974

-.7L4

S
x

sr-r

-2.69

6.87

Y t-r

-5.20

.006

1). Values ín parentheses are t-statístíc.
2). * and ** indícaËe the estímaËe ís significant at 5 7. and 1

3). In Èhe equation of which dependent variable is of natural
also of natural 1og. form. ,

.024

.L39

L.L7

Pr,

.049

.260

-. 041

-.021-

.380
(t't)

3.51

-.009

R2

-5.66

P
m

- .010

.97

-.o72

-. 540
('l*)

F-ratio

"./t.-t

.93

-L.75

48.11*'t

.98

(S/L)
E-I

22.77

d.w.

L03.44

2.49

.815
(**)

L.82

.62

-.003

2.LL

F-ratio

% Level respeetívelY.
1og. form independent varíables are

.06

.99

.32

.93

.7L

(,
co



TABLE B. 2 Farm MachÍnery Investment Equations fo:: AtlanËic Provinces (1960 - 1974)

DeP.
Var.

Eq. 1

Tt

Eq. 2
1nI t

constant

Eq.
s

.7 69

(4.48)

L9.L2

Eq. 4
l-n S

**

¿¿
3.35)^^

P /P-ML

.864

(3. s4)

Dep.
Var.

-.323
(3. e1)

2.68

(2. oo)

Eq. 5
Ln S/L

PlPym

-3. s8

Eq. 6

ln S/L

P- /PLM

.026

(r-. 73)

Eq. 7S*
-LIn

sr-1

-.328
(2.7 8)

s_t-r

.055

-.L42
(r-.14)

-.380
(2.40)

.007

(. 348)

Yt-r

-.08
(t )

1). Values in parentheses are t-staËistíc.
2). * and ** indicate the esËimate is signífícant at
3). In the equatíon of whích dependent variable is of

also of natural- 1og. form.

-2.02

(PL/Pm)

-.019
(.ozz¡

.018

(..7 36)

.802
**

(4. s0)

F

-.225

Pr.

.009

-.002
(2.60)

.665
-r- -L

ß.72\

-.056

-.076
e.20)

R2

-4.28

-.036
(1. B2)

.90

-.002
(2.40)

-. 178

F-ratio

t./t.-t

.93

-.543
(2. 10)

L4.97

.80

**
2I.97

(s/L) _ ,L-I

d.w.

.77

*-*
6.5s

2.29

-.252
(**)

R2

5 7. and I % level respectively.
natural 1-og. form independent variabl-es are

5.33

2.55

-.016
(*)

.1_3

2.L3

F-ratio

.L4

2. 18

.BB

d.w.

,28

.65

L.97

(¡)
\o



TABLE B. 3

DeP.
Var.

Eq. I
Tt

Farm Machinery Investment EquatÍons .for

Eq.

consËant

l-n I
fr

Eq. 3
S t

-.074
(. oor)

-8. 35

(.72s\

Eq. 4
lnS

P*/Pr,

2.92

0.47)

DeP.
Var.

-.01_3

2.47
(. 940)

Eq. 5
Ln S/L

PlPym

-.L26
( .117)

Quebec (1960 - L974)

Eq. 6
ln S/L

P- /PLM

.250

-1.15
(1. 4s)

Eq. 7

-s.ln

st-r

S-t-r

.523
(1. 63)

-.365
ft.47)

-.244

-.08r
( .44e)

Yt-t

1) . Values in parentheses are t-statístíc.
2). * and ** indícate the estimate is signifícant

3). In the equation of which dependent variabl-e
al-so of natural log. form.

-.023

(PLlPm)

-1.70
0.62)

-.074
(r.02)

.096

.864
&

(3.03)

Pi.

.372

(1. B6)

NiA

.727
J.

(3.04)

.005

.7 25
(Èt )

-.063
(.77 5)

R2

1.81
(.780)

-.022
(.47 3)

.90

-.008
(.774)

-.902
(**)

F-ratio

LrlLr-t

-.432
( . BrB)

.89

14. 60
ù¡

.94

(s/L)r_r

1-3.30*

d.rn¡.

.94

1.80

25.40

at 57" and 1

is of natural-

.540
(**)

R2

25 .57

r. 83

-.027
(*'*)

.74

% level- respectively.

1og. form índependent varl-abl-es are

2.2L

F-ratio

N/A

2.32

.99

d.w.

.30

N/A

2.L9

F,o



TABLE B. 4

Dep.
Var.

Eq. 1
I t

Farm Machinery Investment Equatlons for

Eq. 2

lnI t

constant

-L.34

Eq.
S f

-45.08

Eq.

(L.23

lnS t

P /P-ML

23.L4

Dep.
Var.

4.30

.696

Eq. 5
Ln S/L

13.53

PlPym

2.78

L.47

Ontario (1960 - L974)

P- lPLM

.905

-2.06

Eq.

1n

S.t-r

slL

1.13

2.68

7

S t

SÈ-1

-.243

-.2L4

.706

1. 68

Y.-1

4.30

(P_ /P )'Lm

-.314

-.008

f). Val-ues in parentheses are t-sËatLstic.
2). * and *:k 1n¿i""te the estimate is significant at
3). In the equation of which dependent varíable is of

also of natural 1og. form.

.114

2.7 B

-.4s6

F t

tr.

l_. 56

.094

N/A

.023

-.4L9

.829
(*:t )

.009

L.L2

R2

8.94

.210

.002

(.0s4

.94

-. 087

-1.07
(**)

F-ratlo

3.44

t./t.-,-

-2.L9

&
26.8L

2.44

(s/L) 
r_1

2s.39

r. 78

36.7L

.604
(**)

R2

5 7" anð L 7. LeveL resPectJ-velY.
naËural 1og. form independent variabl-es are

r.7 7

24.OL

-.oLz

F-ratio

2.L7

L.47

.99

d.w.

.28

L.66

r
ts



TABLE B. 5 Farm Machinery Investment, Equations for Manitoba (1960 - L974)

Dep.
Var.

Eq. I
ï t

Eq.

constanf

2
lnI

-7 .04

Eq.
sa

-s8.92

Eq. 4
lnS t

P /P-ML

-6.24
J.

(2.7 4)

Dep.
Var.

2. B0

-10.19**

Eq. 5
r,n S/L

PlPym

6. 35

Eq. 6
l-n S/L

.809

2.57

(2.47)

Eq. 7

S
-tIn

st-r

S-t-l

2.60

--,
)

-1;¡aì I

;,: ii
i.'l
i';i ii

1..., .l.li,j ii

L.22

.330

.7 67

(2.26)

Yr-1

1. 05

r).
2).
3).

.0L2

.538

.071

1. l-6

(s.40)

F

Values fn parentheses are t-staLÍstic.
* and ** lndicate the esËimate ls signifÍvant. at
In the equation of whLch dependent varlabl-e is of
also of naËural 1og. form.

.338

Pr,

.318

.007

1. 10

.153

-. 016

(.188)

R2

9. 39

-. 004

.006

(2.Le)

F-raÈio

-.246

.82

,"/tr_t

*
4.70

L.66

.89

(s/L) - "L-I

d.w.

.94

L.32

13.05

.631
('t*)

R2

2.L2

5%and1
natural

**
23.85

.01

.009

F-ratio

T.L2

% leve1 respecËivelY.
1og. form independent variables are

.03)

t. 60

.9s

.48

.74

.94

s'
t.)



TABLE B. 6

DeP.
Var.

Eq. 1

T t

Farm Machinery Investment Equations for

Eq.

constant

lnI

-l-1. 34

Eq. 3
S t

t_. 53

-62.67

Eq. 4
1nS t

P /P"MI

-L2.68

Dep.
Var.

4.3s

-L5.79

Eq. 5

Ln S/L

r.54

PlPym

5.08

Eq. 6
ln S/L

Saskatchewan

L.22

5.49

1. 68

Eq.

l-n

st-1

2.00

7

s t

sr-r

(2. 1r)

1. 39

.055

(1e60

1. 30

.240

Yr-1

.083

1) . Values in parentheses are Ë-statlstic.
2). * and ** indicaEe the estÍmate ís sÍgnificant at
3). In the equation of which dependent variable ís of

also of natural 1og. form.

.033

- L974)

.589

.078

F t

.890

1.00

Pr,

.3rB

.660

.009

L.02

-. rB3

L.29

.038

9,44

-.001

.s9

.009

.L76

F-ratio

L.23)

trl".-,.

2.40

2.27

.95

(s/L) 
r_1

2.67

d.w.

.97

31.90

L.39

L.T2
(*rt)

R2

5 "/" and, I % leve1 resPectÍvely.
natural 1og. form,independent variables are

57.46

r. B6

.10

-.273

F-ratio

1. 55

.10

2.OB

.98

.67

1_. s4

.82

s(,



TABLE B. 7 Farm Machinery Investment Equations for Alberta

Dep.
Var.

Eq. 1
I t

Eq.

constant

2
lnï t

-.636

Eq. 3
S t

-30.27

Eq. 4
lnS t

P /P-1trL

2.66

DeP.
Var.

.4L5

-2.97
(.426)

Eq. 5
Ln S/L

PlPym

2.07

Eq. 6
ln S/L

P- lPLM

.594

-.228

Eq.

l-n

st-1

1_.45

(1960 - L974)

S t

st-r

.268

-.078

.527

Yr-1

.153

.27 2

1).
2).
3).

.37 5

.086

.7 24

F t

Val-ues in parentheses are t-statistic.
* and ** indicate Ëhe esüimate ís signifÍcant
In the equatíon of whieh dependent variable
al-so of natural 1og. form.

Pi,

.254

N/A

.0006

1.03

-.286

.006

R

4.5r

-.039

.70

.l-35

F-ratio

"./tr-,-

.62

.453

3.69

(s/L) r_r

2.6r

d.w.

.97

56.03

.69

.693
(**)

at57"and1
l-s of naËuqal

1.11

56.40

.51

.053

F-ratlo

.86

N/A

% level resPecËively.
1og. form independent variables are

r.27

.988

N/A

.98

r
5



TABLE B.

Dep.
Var.

Eq. 1
I

Farm Machinery InvestmenË Equatíons for

Eq. 2

lnI t

constant

.7 s0

11. 00

Eq. 4
l-n S t

(L.7

P IP-ML

.l_15

(4.51)

Dep.
Var.

-. t_31

Eq. 5

Ln S/L

4.39

(2.90

PlPym

-.L7 6

Eq. 6
tn S/L

P-/P'LM

Brítish Columbia (1960 - L974)

. r05

.250

-. r5B

(1. Bs)

Eq. 7
S-tIN

sr-r

S-t-r

.869

L.57

-.613

.089

.079

(r. 67)

Y.-l

-3.76

.L62

1) . Val-ues in parentheses are t-statistic '
2). t¡ and ** indicate the estimate is significant at
3). In the equatlon of which dependent variable is of

also of naËural log. form.

.256

.0,7 5

3.20

.093

(.43e)

Pr.

.688

N/A

-.001

3.31

-.026

-.506

.0r5
(.603)

-2.27
2.35

.068

.98

-.002
(4.0e)

.L52

F-ratio

trlt.-1

.96

&¿

90 .93

-.883

.99

43.3r

(s/L) _ 
"L-l-

d.w.

.99

214. 88

2.80

R2

-.326
(**')

138.04

2.26

5 7" and I 7" IeveL resPectlvely.
natural J-og. form independent variables are

.BB

rt*

F-raÈio

.027
(**)

r.7 5

N/A

L.82

.96

.65

N/A

2.O3

r
|.,n



APPENDIX C



TABLE C. 1

Dep.
Var.

Eq. 1
I t

Farm Machinery lnvestment Equations
Least Squares wíËh the ffrst order

Eq. 2
lnI t

Eq. 4
lnS

P /P-ML

Dep.
Var.

-.790
(.262)

estímated by
auto-regressive scheme for Canada (1960 - L974)

Eq. 5
Ln

P/Pym

.131

SlL

P- lPLM

2.49

(2.30)

1n S/L

Eq.

1n

-10.17

S-t-r

(L.32

L,2B

S t
s+-r

-1.04

-,032
(1.3s)

3.05

Yr-1

r).
2).
3).

(PLlPn)

.308

(r.7 L

1. Br)

-.L69

-.038

.038

(r.L2)

Values in parentheses are t-statistic.* and ** infl{s¿te the estimate is stgnifl_cant aE 5 % and l-
rn the equation of whích dependent varíabr-e is of natural
also of natural 1og. form.

(.687

F t

-.070

Pr.

.165

1'. B4

.327

.0041

(. s36)

-. 015

.806
(7.4e)

R2

.035

.391

.6s2

(1s. 37

.o076

-.964
(8. e3)

.78

.r02

F-ratio

'"/""-t

3.79

.7L

.574 **
** .96 58. B0 1.41

(68. B2)

&ú
8.18

.86

(S/L) r_1 R' F-rario d.w.

d.w.

s .47

L4.20

.820

.99

L39.37

2 .80

.96

-.00s

% level- respectfvely.
log. form lndependent variables are

1. 063

.077

27L.54

.99 L7 487 .3

1. 59

1.33

1. 334

.E-
\,1



TABLE C.2 Farm Machinery Investment Equations exEimated by
Least Squares \,ríth the first order auto-ïegressive scheme for Atlantic Provinces (1960 - L974)

Dep.
Var.

Eq. I
I t

Eq. 2
lnI t

Eq. 3
S t

Eq. 4
lnS t

P /P-mt

Dep.
Var.

-.025

Eq. 5
Ln

PlPym

.333

P- lPLM

SlL

Eq.

.022

ln S/L

-.076

(.92r)

S-t-1

Eq. 7

- S. -,044In
-sr-l (1. 31)

L.92

-.103

-.014

.057

Yr-l

.457

1). Values in parentheses are t-statisËic.
2) . * and 'k* índicate the estimate is signif icant at 5

3). In the equation of which dependenÈ variable is of
also of natural 1og. form.

-.031

.033

F t

Pi.

-.L49

-.405

.0006

.442

r,.36

(2. Bo)

.003

R2

-.L94

.68

-1. 88

(3.3r)

.006

F-ratio

'"/"t-t

.BB

-.Ozt+

**

&
4.82

.63

(s /r) r_1

16.07

d.w.

.74

3.79

1. 53

-.245
&¿

(r2.33)

6.49

2.02

% and L 7" leve1
natural 1og. form

.89

F-ratio

-.012
(2. s1)

L.L2

.36

101. 19

respectively.
independent variables are

.93

d.w.

.92

7 2.68

L.47

1. 39

s'
co



TABLE C. 3

Dep.
Var.

Eq. 1
I t

Farm Machl-nery Investment Equatlons estfmated by
Least Squares with the first order auto-regressive scheme for

Eq. 2
1n

S t

Eq. 4
lnS

t,n/tl

Dep.
Var.

-.L44

Eq. 5
i,n S/L

PlPym

-.277

Eq. 6
ln S/L

P- lPLM

. r90

.233

(. e73)

S.t-l

Eq.

1n

1.38

-.230
(2.07)

-.017

s. .0004

st_r (.028)

.362

(1. 31)

Yr-l

-. 038

(P_ /P )LM

r).
2).
3).

Quebed (1960 - I97 4)

.02l.

(. 184)

.061

-.029
(.626)

F t

Values ín parentheses are t-statistic.
* and ** indícate the estimate is signÍficant at 5 7" and
In the equation of which dependent variable is of natural
also of natural 1og. form.

Pr.

. r3B

.405

.002

-. 004

(. 148)

.739
(.34s)

1. 13

.025

(.324)

R2

.07 5

.005

(.132)

.83

.016
&&

(7 .7 3)

.015

(.048)

F-ratio

trl".-1

.80

:t*
LO.92

.2L7
**

(47 .0e)

.92

*tr
8. 79

(s/L) 
r_1

d.w.

.91

L.7 5

24.66

.540 -.025
¿J ¿¿

(ror. e6) (s. 6e)

R2

2.L6

23.27

.95

F-raËl-o

.872

L 7" LeveL respectively.
1og. form índependent variables are

.097

**
250. 88

r.t2

.99

d . r^t.

1.06

477r.44

1. 43

L.92

Þ
\.o



TABLE C. 4

DeP.
Var.

Farni tv,ach:.nery Investment Equations estimated by
Least Squares with Ëhe first order auËo-regressive scheme for

Eq. I
I t

l-n

Eq. 3
S t

I,

Eq. 4
lnS t

P /P-ML

Dep.
Var.

-.494
(L.76

Eq. 5
ln S/L

PlPym

-.096

Eq. 6
l-n S/L

P- lPLM

.365

1. l-5

Eq.

1n

S-t-I

L.46

7

s t
st--r

-,049

-.004

l. 1B

t.-1

.120

1). Values in parentheses are t-statistic.
2). t and ** indicaËe the estimate is significant at 5 7" and 1

3). In the equatíon of which dependent variable is of natural
also fo natural 1og. form.

.020

(.633)

ontario (1960 - L974)

.L79

.020

-. 016

F t

.0r3

.580

(1. se)

.005

-.006

.zBL

2.0s)

R2

.346)

.185

.0002

.BB

-. 365

.023

F-ratio

t./t.-'.

.81

,364

t6.92

.87

(s/L) t_r

9.86

d.w.

.90

**
15.13

t.57

.604 -.009
ù¿

(10e.84) (1.33)

2L.23

2.38

F-ratlo

1. 43

% level respecÈively.
log. form independent variables are

.05

43s.05

1. B3

.99

**

**
5680. B

1.08

r.20

.96

lJl
O



TABLE C.5 Farm Machinery
Least Squarés

Dep.
Var.

Eo. 1 I^t

Eo.2 Ir.T't

ïnvestment Equations estimated by
r'rith the fírst order auto-regtessíve scheme for

Eq. 3

Eq.4 ln S

P/P- PlPmJ,ym

Dep.
Var.

-.653
(1.33)

Eq. 5
Ln

-1.10
(.810)

Eq.

P- IPt-m

SlL

.352
(2.65\r,

6
1n

-L.48
Q.48)*

Eq.7 s -.856

r" " 
! (3.r0)*

o-t-I

c"t-L

L.52
(2.97)x

-1.36

-. 103

(2.23)

.506

(3 . B2) **

1). Values 1n parentheses are Ë-statistic.
2), * and ** lndlcate the estlmate ís sígniflcant at
3). In the equatlon of which dependent variabl-e is of

natural 1og. form.

Yt-l

.038

(.137)

.015

Manitoba (1960 - 1974)

.099

(r.64)

-.t76
(3.87)**

P-
L

.535

F

-.564
(1.98)

1,.27

(4. 14) *t

.002

(1.61)

.165

(2.83),k

R2

.003

(.960)

.07 6

'1 .35

(4.45)**

.77

.008

(5.24)**

t./t.-t

F-ratio

.73

.r27

7 .37x

16.94)**

.92

(s/L) - ,. L-I

5. 96Tt

.93

d.w.

.861 - .554

(13 . gg) *'k (3. tO¡ 't

26.77**

1.05

57, and L7. LeveL respectivel-y.
natural 1og. form independenË varÍables are also of

130.09**

t.52

.79

F-ratio

I .98

.3i

46.33x

r.t2

.98

d.v¡.

287 .L9**

.87

.90

.80

tJl



TABLE C. .6 Farm l,Iachínery Investment Equatíons estimated by
Least Squares with the first order auto-regresslve scheme for Saskatchewan (1960 - L974)

Dep.
Var.

Eq. 1

Eq.2 LnT

ra

Eq.3. S. -2.OO

(. es4)

Eq. 4 ln S, -1.03
(1.72)

P /P-ml,

Dep. Pr./P* (PrlPm)
Var.

-1 .05

(.818)

Eq. 5
Ln S/L

PIPy'm

.239
(.608)

Eq. 6
1n

.6L6
(i .70)

Eq. 7 S- -.2L7
ln ;---g-s. r ç795)L-l.

.815

(4.09)**

S-t-1

L.4T

(3.20¡**

-.080
(1 .83)

1). Values in parentheses are t-st,atlstlc.
2) . Jc and ** lndfcate the estfmat,e fs signlf icant
3). In the equatlon of whfch dependent variable is

natural 1og. form.

-.505
(3 . 04)'t

Yt-1

.204
(1 .48)

.057

(1.2s)

-.186
(3 . so) **

Pi,

.594

Ft

.7 4L .L77

(6 .32) rk*

-.093
Q'.02)

-.573
(1 .68)

.002

(1.18)

. 091

(i.68)

R2

.04s

( . e4s)

.57 r
(1 .66)

.010

(2.83)*

.70

trlt.-t

F-ratio

,27 5

( 16 . 45) *'t

.77

5. 20*

.95

(s/L) r_i

7.67*

.96

d.w.

at 5% and L% level respectivel-y.
of natural 1og. form independent variables are also of

1.14 .508

(29.79)** (2.23)*

47 .6lxx

Rz

.96

56.43**

2.52

.48

F-ratio

I .58

. l_3

11.27**

L.25

.99

d.w.

482 .06*?*

I .03

I .63

I .63

Ln
N)
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