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The usefulness of a knowledge of agricultural- supply

relationships cannot be overestimated. This is a study in

agricultural supply relationships. It is also an empirical

study in aggregation.

A,ggregation has been defined as a process whereby a

part of the information available for the solution of a

problem is sacrificed for the purpose of making the problem

more easily managieable. Thus an aggregate quantity may be

defined to represent a set of simple quantities, or a set

of relationships among many simple quantities may be

replaced by a single equation involving aggregate quantities.

Attention has been drawn by Theit to the nature of

the parameters of the resulting aggregate equaÈions. This

study investigates the nature of the estimated macropara-

meters of aggregate wheat acreage response equations with a

view to obtaining some knowledge of the effects of aggrega-

tion on macroparameters in general, and on the macropararneters

of the wheat acreage response equations estirnated in this

study in particular. The explanatory and predictive perform-

ances af aggregate and disaggregate models are also compared

in analysis involving wheat and barley acreage response"

The analysis relates to the canadian Prairies (the

macrounit) " The microunits used in this study are the crop

ii
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districts in the Canadian Prairics. Acreage responsc

relationships are estimated for original values of variables

only" The time series data used in the wheat study cover

the period 1953-54 through 1968-69, while the period 1950-51

through 1968-69 is used in the barley study.

The components of the estimated macroparameters of

two wheat acreage response m.odels are calculated, using

d.ata for the period specified above" The temporal composi-

tion of the macroparameters of one.of these models is also

investigated. The results indicate that the magnitude of

aggregation bias and. implied sampling error components of

the estimated macroparameters differ for the different macro-

parameters, and for the same macroparameters at different

time periods. Whilst these components of some of the esti-

mated. macroparameters are small- (under 10 per cent of the

magnitude of the estimated macroparameters), these same

components assume relatively larger magnitudes in some other

cases (about 200 per cent of the estimated macroparam.eters).

The results also indicate that it is possi-ble for

the sign and the magnitude of a macroparameter to be com-

pletety distorted by the sign and the magnitudes of these

components (of an estimated macroparameter). Thus the

results indicate that in practice we can sometimes expect

aggregation to lead to misleading results.

Comparisons of the statistical significance of the

estimated macroparameters in the wheat acreage equations

with the statistical significance of the corresponding

l_l_L



tv

estimated microparameters in Èhe crop district equations

give another indication, namely, that aggregation can some-

times also lead, to a distortion in our vision with respect

to the relationships between dependenÈ and independent

vari-ables at the level of the constituent microuniÈs. In

particular, we may be led to conclude that significant

relationships exist between certain microvariables when in

fact this may not be the case.

It is shown formally that we cannot decide a priori

which will have a higher explanatory power, whether an aggre-

gate or a disaggregate model. It is also shown formally

that sometimes a semi-aggregate model can have a higher

explanatory po\^¿er than either an aggregate or a disaggregate

model. If the empirical results in this study are any

guide to what can always be expected, then they indicate

that as far as wheat and barley in the Canadian Prairies are

concerned, no significant gain in the explanation of aggre-

gate acreag:es (in terms of R2) can be obt,ained by disaggte-

gation.

There have not been any empirical studi-es in aggrega-

tion using the functional approach, which compare the pre-

dictive performances of aggregate and. disaggregate models.

All previous comparisons between aggregate and disaggregate

mod.els have been confined. to explanatory powers only

Similarly, there have been no comparisons made of the results

of, using the coefficients of an aggregate equation for polícy

purposes with those obtained by using the corresponding
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coefficienLs of microequations. Tiiese comparisons are also

made in this study.

If the results of these comparisons are any guide to

what can always be expected, then the indication here also

is that as far as wheat acreagie response in the Canadian

Prairies is concerned, no significant gains can be had by

disaggregation. The importance of this conclusion stems

from the fact that disaggregation involves extra costs in

terms of d.ata collection and estimation for several crop

districts or regions.

In the case of barley, the comparison of the per-

formances of the aggregate and the disaggregate mod.els is

limited to their predictive abilities only. Here, Lf the

results are any guide to what we can always expeit, then

they show that barley acreage response analysis at the IéveI

of the Provinces (semi-aggregate 1eve1) gives better results

than analysis at either the level of the crop d.istricts

(disaggregate level), or at the aggregate (Canadian Prairies)

leveI.

One cannot make any generalisations with respect to

the relative performances of aggregate and disaggregaÈe

approaches. The results of this study do not allow us to

make any such generalisation' If anything at aII, the

results confirm the statement by Grunfeld and Griliches that

aggregation is not necessarily bad"
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A decade ago Nerlove and. Bach*.rrl stated the objec-

tives of supply analysis as follows;

. o.to improve (1) our understanding of the mechanism of
supply response, (2) our ability to forecast supply
chängès anä (3) our competence to prescribe solutions
to problems related to agricultural supply.

These objectives still hold.

Agricultural supply or production response analyses

are essential to providing effective "outlook" information

and to the development of sound agricultural policies both

in the developing and, developed countries. In developing

economies which are largely based on agriculture, there is

an increasing need. for development. More detailed knowledge

of agricultural supply relations is required in order to

coax out the much needed agricultural output which is

essential to the overall development of the countries. In

the developed nationsr or the other hand, improved informa-

tion relating to supply resPonses is necessary because of the

continuing problems faced in adjusting supplies to market

AGRICULTURAL SUPPLY ANALYSIS :

OBJECTIVES, PROBLEMS, IMPORTANCE

CHAPTER I

INTRODUCTION

1¡¡. Nerlove and K. L- Bachman, "The Analysis of
Changes ín Agricultural Supply: Problems and Approachesrrr
Jouri"r of rárm Economics,-VoI. xLIr, No. 3 (August, 1960),
PP. 53r;554 .



d.emand.

Examples of specific situations in which knowledge

of quantitative supply relations in agriculture is useful

are many. One example will be given. Suppose a government

is considering the possibitity of guaranteeing some fixed

price for wheat. The government may, therefore, wish to

know in advance how many bushels of wheat will have to be

purchased for storage at public expense at any guaranteed

price¿ so that a firm decision could be made. This is only

possible if the demand and supply functions which are likeIy

to determine the price of wheat in a free market are known.

Recognizíng that the major problems of agriculture

revolve around supply functions and supply relationships,
f

Heady' has articulated the importance of research in this

area as follows:

If we know more about supply functions v¡hich will pre-
vail over the future or the relative changes which will
take place among regions, wê could do much better in
economic policy formulation and in counselling farmers
on investment and occupational choices.

A better knowledge of farm supply patterns would also help

in improving the mutual understand.ing of agricultural

problems among nations reaching similar stages of economic

developm.ent.

But supply analysis is beset with many gaps. Neflove

and Bachman har¡e listed some important ones. On the

2_"Earl O. Heady, "Uses and Concepts in Supply
Analysis, " in Heady, €t af . , AgrlcuLtural luqpfy-Iungtions
(ameè, Iowa: Iowa State univ



theoretical side these .t.,3
(1) Iack of an adequate theory of aggregation of firm

supply functions;

(2) lack of an adequate theory of behaviour under

uncertainty;

(3) lack of an adequate operational theory of

investment for the firm; that is, an empirically useful

theory of how so-caIled fixed factors are varied over time

in response to economj-c stimuli; and

(4) lack of a theory of, or at least techniques for

measuring, the diffusion of technological changes and their

specific effects on the prod.uction possibilities open to the

f irm.

(2) poorly estimated and unrealistic production

functions;

on the empirical side the gaps include:

(I) lack of reliable data;

(3) insufficient producer surveys providing a

testing ground for more comprehensive stud.ies of behaviour

under uncertainty and. variation of fixed factors over time;

(4) lack of sufficíent knowledge of the markets for

inputs in agriculturei and

(5) difficulty in capturing the dynamic aspects %f

supply in meaningful relationships.

These gaps still exist tod.ay although increasing

3Nerlove and Bachman, op. cit., p. 532.



attempts are being made to bridge them and many iri¡;ortant

contrj-butions have been mad.e. Recognizing that approaches

in all areas of supply analysis are complementary, not

competitive, Nerlove and Bachman have drawn attention to the

need for capitalizlng on this complementarity by attempting

to bring together all relevant findings to form a picture

of the total supply or production t.=pon"".4 This is a

study in aggregation which makes empirical contributions to

Canadian Prairíe wheat and barley acreage responses and to

the aggregation problem in general

AGGREGATION

Even though at the heart of supply analysis lies the

individual firm, aggregation of individual firm supply

responses is necessary before many results useful for policy

and forecasting purposes can be derived. Aggregation is,

therefore, as ímportant in supply analysis as it is in many

other areas of economics. Sj-nce this study focuses on

aggregation (ivithin the framework of supply analysis) it is

reasonabl-e that we take a general look at the "agigregation

problern " in economics "

Generally the name aggregation is given either to the

operation of defining a gtobal quantity to represent a sét

of simple quantities, or to t-hat of representing a set of

reLationships among inany simple quantíties by one or more

4tbid.", p. 534.
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equations involving global quantities. The "aggregation

problem" as d.iscussed. in economic methodology and in econo-

metrics is concerned with the relationships between such

elements as "microvariables" (the variables which impinge

directly on the individual decision maker), "microrelations"
(the results of individualst actions), "macrovariablesfi

(eg., totals, averagies, indexes of the microvariables) r and

t'macrorelations" (relationships between macrovariables) .

On the one hand macrovariables are "constructs"

rather than "natural" variables although some constructs by

virtue of usage and a standard processing of data may almost

come to be accepted as natural variables (e9., Gross National

Product).' on the other hand, in descriptions of macrounits

(such as an area or a nat.ion) we generally are free to postu-

late relationships between macrovariables (usua11y but not

always on the analogy of microtheory). Given, therefore,

the freed.om of construction of macrovariables and freedom in

postulation of macrorelations, aggregation theory has been

concerned with "consistency" between variables and relation-

ships. Suppose, for example, that a microtheory tells us

that each agricultural firm's output of a certaín commodity

is an increasing function of the firmts land fallowed in the

previous year. Suppose also that the fallowed acreage "f'
alt fírms moves up and down simultaneously. Then total

5x.
in S" Krupp
(Englewood

Lancasterr "Economic Aggregation
(ed. ) , The Structure of Economic

Cliffs: 20I-2I3.

and Àdditivity, "
Science
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output must increase whenever total acreage fallowed does,

so thaÈ a macrotheory in terms of these aggregates which

tells us that total output is a decreasing function of total

acreage fallowed is cert,ainly not consistent with the micro-

theory.

Four approaches t.o aggregation theory have been

suggested as follows:
(1) given the microrelation and microvarj-ablesr wê

may post,ulate a macrorelation by analogy to the microrelation

and then search for relati-onships between the macrovariables

and microvariables which make the macrorelation consisÈent

with the microrelation. This approach has been championed

by x1ein.6

(2) given the microrelation and the microvariables,

define the macrovariables and. Èhen search for a consistent'

macrorelation. This approach has been recommended by ¡t.y.7

(3) given the macroÈheory and macrovariables defined

from some microvariables' one can try to find. what, kind of

microtheory is consistent with the macrotheory.E

These three approaches to Èhe aggregation problem

have been collectively called the "consistency approach".

6r,. R. Klein,
Rational Behaviour, "
L946) , pp. 93-108 "

Model, "
298 "

8---tienri Theil, Linear Aggregation of Economic Rela-
tions (Amsterdam: Nor ,

Fffi

7x. May, "The
Econometrica,

"Macroeconomics and the Theory of
Econometrica, VoI. 14, No. 2 (APriI,

Aggregation Problem for a One-industry
VoI. L4, No. 2 (Aprit , !946) , Pp. 285-



Another approach--the "analogy approacht' has been pioneered
o

by Theil"- This approach recognizes that for one reason or

another we usually have our macrovariables and our macro-

relations postulated on the analogy of the microrelations--

this is what we almost always do in empirical descriptions

of macrounits. lo

This proced.ure, however, raises some important

questions which the "analogy approach" examines. For

example, what is the significance of the macroparameters?

How much information do they give concerning the relation-

ships between the dependent and the independ.ent variables?11

The procedures for studying agricultural supply

relations may be put into two braod categories; those using

functional analysis and those using mathematical progralTuning.

Theilts "analogy approach"--which may be ca1led. "statistical

aggregation"--relates to the functional method. In the

programming approach to supply analysis, considerable

10_--Douþtless, this procedure is often followecl out of
mere expediency. For example, how could one possibly handle
the relatj-ons involving thousands and indeed. millions of
mícrounits that may constitute the macrounit? Also, ín many
cases, information is available only for the macrounits
rather than for the microunits. Green has defined aggrega-
tion as "a process whereby a part of the information avaf-l-
able for the solution of a problem is sacrificed for the

9rbid., p. 6.

L964) , p. I.
lt_-*See Chapter II for a detailed theoretical d'iscus-

sion of this approach.
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interest has been displayed in recent years in the srrnthetic

estimation of aggregate commodity supply response by the

operating unit method

defining a universe of

a number of benchmark farms to represent the universe, anC

developing optimum plans for tTre benchmark farms by pro-

gramming at variable prices for the commodity. The pro-

grammed results are then expanded (by some factor) to derive

the aggregate supply response for the universe. One problem

in this procedure is in the selection of a manageable number

of benchmark farms for programming so that the expanded

results give a supply function similar to that obtained if

aII farms in the universe were programmed. This is an aspect

of the "consistency approach" to aggregation" The deviation

of estimation. This consists of

farms (comprising an area), selecting

of the estimate based on

al-l farms in the universe

t'"onn."gation Bias" in a statistical sense is d.efined
in Chapter II, p. 19. The problem of selection of benchmark
farms to minimize the aggregation bias is discussed in a
number of articl-es, see for example: S. J. Sheely and R. H.
McAlexand.err "Selection of Representative Benchmark Farms
for Suppl-y Estimatiorl," Journal of Farm Ecolomics, VoI . 47,
No. 3 (August, 1965) , pp. 68I-695; G. E. Frick and R. A.
Andrews, "Aggregation Bias and Four Methods of Summing Farm
Supply Functions," Journal of Farm Economics' V91. 47, No"
3 (August, 1965), p@ also, R. Barker and' B. F"
Stantón, "Estimation and Aggregation of Firm Supply. Functions, "
Journal of Farm Economics, Vol" 47, No. 3 (August, 1965),

This stud.y is based on Theilrs approach. It is

benchmark farms from programming

OBJECTIVES OF THE STUDY

is defined as "aggregation bias".12

pp.70I-7L2"
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concerned with supply analysis using the functional approach

(time series) " Its purpose is to empirically evaluate the

performances of disaggregate and aggregate models in

explaining and forecasting aggregate outpuÈ of two Prairie

crops, namely, wheat and barley, and also to find the effect

of aggregation on the parameters of aggregate wheat acreage

response models.13 The specific objectives of the study may

be stated as follows;

(1) to obtain estimates of the parameters with

respect to the micro and macrorelations; and

(2) to use these estimates to find (a) the relation-

ship between the micro and the macroParameters of the acreage

response functions; (b) how the disaggregate and the aggre-

gate models compare in explanatory power; and (c) the fore-

casting performances of the disaggregate and. the aggregate

models.

GENERAL PROCEDURE

Three alternative single equation linear regressj.on

models are consid,ered in the analysis of acreage response

functions for wheat and barley using data for the Canadian

Prairies. Data at three levels of aggregation are utilised.

13ffri= stud.y ís not concerned with how individual
supply functions should. be aggregated to obtain the aggre-
gairä ãuppry function. For a theoret.ical approach to this
froblem-óf-aggregation in the context of supply functions
see ¡n. Nerlove, "Time Series Analysis of the Supply of
Agricultural Prod.uctsr" in E" o. Head.y et âI., Agricultural
Súpply Functions (Ames, Iowa: Iowa State UniveiEîdÞress 'ffi.



These titree models are

Model I--a set

specified and estimated

district) .

Model Il--corresponding' macrovariables are defined

by aggregating the microvariables and these are then used

in the estimation.

Model III--acreage response functiOns are derived

from semi-aggregate variables obtained by dividing the set

of all microvariables into non-overlapping groups and adding

over all the microunits in each group. Unlike the previous

models, this model is used only in the investigation of

explanatory powers and forecasting performances; that is,

it is not used in the study of the relationships between

microparameters and macroparameters.

ORGANIZATION OF THE STUDY

specified as follows:

of acreage response functions are

one for each microunit (the crop

10

The rest of the study is organized as follows. In

Chapter II we discuss some theoretical aspects of Theilrs

approach to the aggregation problem which are of relevance

to this study. The conceptual and the statistical aspects

relating to a study of output response models for Canadian

Prairie wheat and barley are considered in Chapter III. The

statistical results which are subsequently obtained are

presented and discussed in Chapter IV. The relationship

between the microparameters and the macroparameters are

taken up next in Chapter V. This same chapter presents and



discusses

formances

concluded

the explanatory powers

of the three models.

in Chapter VI"

and the

The study

11

forecasti-ng per-

is summarised and



Linear aggregation of economic relations of relevance

to time series analysis has been discussed from a theoretical

standpoint by fheitl and examined. both theoretically and

empirically by Grunfeld and Grilichesr2 Boot and DeWit,3

Greenr4 and Gupta.5 This chapter surveys some of these

AGGREGATION: SOME

CHAPTER IÏ

researcherst theoretical approaches to the aggregation

TNTRODUCTTON

THBORETICAL ASPECTS

problem. It is hoped that this survey witl place the empiri-

cal section of this thesis in clear perspective. The

relationship between macroparameters

be established either d.irectly or by

2v.
Necessarily
Vol. XLII,

lth"it, op. cit.

')
'J" C. G. Boot and G. M. DeWit, "fnvestment Demand:

An Empirical Contribution to the Aggregation Problemr "
International Economic Review, Vol. I, No. I (January,
1960), pp. 3-30.

Grunfeld and Zvi
Bad?" The Review

No. 1 (February, I960), pp. 1-13.

5x. L. Gupta, "Aggregation: A Theoretical and
Empirical SLudy. " Unpublished Ph.D. Dissertation, Univer-
sity of Toronto, Department of Economics, L967. Partial
summaries of Theil's book plus some additional applications,
are also availabte in R. G. D" A1len, It{athematical Economics
(London: MacMillan Book Company' 1956

L2

 ct."n r op. cit.

and microparameters can

means of what Theil has

Griliches, "Is Aggregation
of Economics and Statistics,
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called the "auxiliary equations" " The latter approach has

always been used. in the literature without sufficient

explanation of why they are introduced. This is made clear

in this chapter.

microvariables A=, so that we have;
IË

I i = 1r.."..

RILATIONSHIP BETWEEN MACROPARA}IETERS
AND MICROPARAMETERS

Consider some variable Aar which is a summation of

(2.2"1) Ar = I ot.

Let each microvariable Ara depend linearly on a micro-

independent variable Xit, so that we have,

(2.2"21 Ait = coi * oliXit * tit

where o,o, and a* are microparameters' and eta is a micro-

disturbance in the i-th microequation. Relations (Z'.2"T)

and (2.2.2) imply 'that

(2 "2.3)
that is,
(2 "2.4) At

where,

(2"2"5) (a)oo

! = l,

Ar= 
I 

(ooi*olixir+tit)

,Í-
,T

=oo*lorixit*et
-a

1^.tltt, Ol_
I.

It is seen from (2"2.4) that the macrodependent

variable depends upon all Èhe microind'epend'ent variables

(b)et = I ti¿



and not on the macroindependent. variable Xt,

(2 "2 "6)

Yet, in much empirical- work, the macrodependent variable is

stated in terms of the macroindependent variable, that is,

we postutate the following relation:

x. = I x...t i l_t.I

(2.2.7) At

where o¿* ando

bance.

This procedure of postulating a relationship between

the macrovariables, however, raises a number of questions"

One obvious question relates to the nature of these macro-

parameters and their relationship with the microparameters.

Two Variable Case

=o¿*+o

o1 are

otXr *rË

.6wnere,

macroparameters and ei is a macrodistur-

To examine the relationship between the macropara-

meters and the microparameters r wê will consider a simple

case as follows:

L4

(2.2.8)

(2.2.e)(a) Ar = I oi.
t_

(b) Xr=lxit

(2.2.10) Ar = a$ + olXr

Ait = ooi + olixit * tit' e(e ta) = o

6_-"rf, however, the microparameters are the same for
each L, then a direct summation of all the macrorelations
ovelr i truly expresses the aggregate At in terms of the macro-
ind.ependent variable X¡. In general, ñowever, these micro-
parameters will be different for each i.

+e[



where all the terms

squares estimate of

(2 "2 "LL) âr =

Using (2 "2 "B) and

are as previously defined. The least

cÌ " can be written âs rI
(At - Ã) (xr - Í)

(2.2 "I2) ô1 =

It
I (xt
t

(2.2.9) we

I ("oi +
a

It

By interchanging

(2 "2.L3) ô1 =

2x)-

I (*. Ltz
t

I "ri (xit-ii) (xr-l)
t-

can express (2.2.11) âs r

Tt)t

oriXit * eit doi otiXi

r
L (xt

the order of

I ori I ("i.
l-f

oTt

(2 "2 "L4)

where,

l5

-x) -

(2 "2. r5 ) (a)

01

summation,

-ir) tx.-i)

It

¿ I, ". 
_ ;i) (*.-1)

1(xa-x)'

)I (x--x)'
Ër-

we get,

otiBi + E

B.
t_

It can be shown that the

least squares estimate of

(xit-x. ¡ 1x.-x)

(b) 6=

It

I rlt'l_

å II eir- [ãrttx.-xl
-__-:-;-[ (x*-x¡ "

t"

(xt-x) -

eit- I 
ttl (xr-X)

)I tx*-x¡'
t

sum

^,**o

of the B, over all
]"

is,

i is 1. The



(2.2.t6) ûå=Ã-ô1 i

Using (2.2.8) and (2 "2.9) we can write,

(2"2.L7) ôå =

and using (2 "2.L3)

(2.2 "LB)

I (cr + o.,-X*+OIII
a

we can write (2

.)

| (x.-x¡"

By rea.rranging (2.2 "LB) we obtain,

I "oi*l oriii
IJ.

(2 "2.Le)

e)

lrl eit- I ;"

where B- is as defined in equation (2 "2.15a) "a

terms we can write (2.2 "L9) âs ¡

"2"l-7) as,

I o* I (xit-Îi) (xt-x) i

16

ôå = iooi + I"riÎ, I"riiuiIrL

I (x--r) 2

t.

tx, -IlÏ'

(2 "2 "20)

ott

(2 "2.2r)

where,

^ú \"0å = 40oi
a

(2 "2 "22) (a)

*lori 1xr-ler)
t_

ôå=Iooi+Iorir:_ n
f.

Itl'r. I;i1 1x.-i¡i
tr. r-

[ {x*-Í) 2

t
Collecting

III'i. - Iãir (xr-i¡1
t. l_ l-Ft

I.
L

(b)

l_

It
(xit-xi ) (xr-x)
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It can be shown that the sum of the ii over a1l i is zero.

Thus, it can be seen from (2"2.L4) that the estimated macro-

parameter, ôf is a weighted averagie of the microparameters

plus a random term. Since the microd.isturbances have zero

means,

(2.2.23)

It can also be seen that the weights attached to the

microparameters are the regression coefficients in regres-

sions of the microindepend.ent variables on the macroinde-

pendent variable, while the random term, f, is the coefficient

term in a regression of the sum of the microdisturbances on

u(ôr) = CI,l = I ori"i
a

the macroindependent variable

Similar1y, it follows

macroconstant t.erm ôj is the

I ooi, plus a weighted sum of
l-
random term ¡. Since E(n) =

(2.2.24)

From (2 "2.22a) it can be seen that the weights attached to the

microefficients are equal to the constant terms in the least

squares regressions of the microindependent variables on the

macroclependent variable, while the error term in (2.2.2I)

may also Ìre seen f rorn (2 .2.22b) as the constant term in a

regression of the sum of tire microdisturbances on the macro-

independent variable Xt.

It will prove convenient in expressing the macro-

' xt'

E(ôå) = I doi + i oriri

from (2.2.2].) that the estimated

sum of the microconstant terms,

the microparameters ' minus a

0,



parameters in terms of Èhe microparameters to make direct

use of the regressions of the microvariables on the macro-

variables" These reglressions have been called "auxiliary
-l

regressions" by Theil.'

Three Variable Case

In ord.er to show the relationship between the macro-

parameters and the microparameters where there are more

than one independ,ent variables r \dê will consider the

following relations:
(2.2.25\

12.2.26 ) (a) Ar I or.

(b) xt =lxit

(c) sr =ìsit

A'., = cr.= + crtiXit * oZiSit, : _= +r?,....¡Il-t or J¿ Lt ¿L' L - Lrêr....rT

(2 "2 "27 )

18

!{e assume that the microvariabl" Ait and

A. are d.etermined. without error. lVe nowt
auxiliary regressions as follows:8

A. = cr + cr,.X. + cr^S. .f o It ¿E

Trrr"it r op. cit. , p. 13.
8fh" relationships involved in equations (2.2.28) ,

i.e., the auxiliary equations have no economic meaning.
They are merely introduced because their coefficients help
to explain the way in which the macroparameters are related
to the microparameters. These relationships between the
macroparameters and microparameters can also be established'
d,irectly as was done in the two variable case. However,
the less laborious approach is used, here instead.

the macrovariable

introd.uce the
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(2"2.28) (a) Xir = tti * BliXt * Ctist

(b) Sit = tZí + BZiXt * CZiSt

We assume that the auxi-liary regressions also hold exactly,

that is, they have no error terms.

Using (2.2"25) and (2.2.28) in (2"2"26) (a) , \,ve can

write, 9

Gathering terms from the

(2"2"27), we have,

(2.2"29) (a) oo = 
ìoo, 

*

oIt

At = I looi + or-i ('rt * Bli Xt + crist)

+ o2í G Zi + BZí Xt + C2iSr) l

above equati-on and by reference to

(2"2"30)

oE¡

(b) oo =

(a) o1 =

(b) g1 =

(2.2.3l.) (a)

Iooi + I[cov(o1i, tfi) + cov(o2i, rrr)J
l_

ìori"ri+L"ztBzi
l_ l-

ãr, + r [cov(dri, Bri) + cov( o2í, arl) ,

I or-r- rri + I "ri I zil- l-

oEt
(b) o2 = ãr, + r [cov(oti, cfi)

v¿here I is the nutnber of microrelations,

cov(oti, uri) = å I (ori- ål.rr)
l_ l_

the other covaríance terms are si-milarly

q^=I
¿?

t_

a-.C-1r- 1r-

9ln deriving the covariance expressions us
be made of the fact that

I tri_ L I tri = I "ri- = I "r_t 
= o; IB.,r= Ir- r- l- r- rr i

These relationships can easily be established.

+l
i

ozíCzí

+ cov ( oZí, Crr) )

and

("ri I l"rrlt
defined.

e should

czí = 1



(in the case of the coefficients o'i and ori) .10 For the

constant term the bias is a deviation from the sum of the

microconstants. Aggregation bias is defined in this way

because the terms from which the bias is defined are what

one would "naturally" expect for the parameters of one

aggregate relationship which is introduced. to represent a

number of microrelation=.11

The aggregation bias in (2.2 "29b) , (2.

(2.2.31b) can be seen to vanish under any one

following two conditions;

(2 "2 "32)

and

(2"2"33) fti = ffjr fZi = f Zj, Bti = 
"fjt 

BZi = tZ),

Cti = Ctjr Czi'=,rj

for all irj = Ir2r.... rI

In general, however, we may not expect conditions (2.2.32)

or (2"2"33) to hold, which means that we can in general

expect aggregation bias to be present in the macroparameters

We can generalise the conclusions represented by

oli = olj t

20

ct^. = cx^,¿L ¿)

2.

of

for all irj = 1r2r".."rT

30b) and

the

11o11"r,, op. cit., p. 700. rt must be pointed out,
irorvever, that the aggregation bias depends on the way in
which we form the macrovariables. For example , Lf these
are weighted sums of the corresponding microvariables then
the aggregation bias would be defined as a discrepancy from
the weighted averages of the correspond.ing microparameters "

lorrr.it, op. cit. , p. L22 .
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(2 "2.29b) , (2.2.30b) , and (2.2.31b) by statir:E that in

general a macroparameter depends upon all microparameters.

Thus, for example, if A, represents wheat acreage, and Xi

represents príce of wheat, and. Si represents on-farm wheat

stocks at planting time, then the macro price parameter

depend.s not only upon the microprice parameters which

correspond to it in economic meaning (corresponding para-

meters"), but also upon the micro on-farm wheat stocks which

d.o not correspond to it in economic meaning ( "non-corres-

ponding parameters"). Thus if we wish to describe wheat

production in a macro formulation, a low coefficient for the

price variable does not necessarily imply that the micro-

parameters are low (or that the price coefficient of some of

the microrelations are positive v¡hile others are negative)

for it may be that the individuat reactions to price are all

positive and considerable, but that the macro-price para-

meter has been "disturbed" by the behaviour pattern of the

macro entities with respect to the farm stock=. 12

But there is. another aspect, namely, the question of

the stability of the macroparameter" With regard to this

Theil has written:

Another interesting point is that the macroparameters
may change in the course of time ' even if the underlying
microparameters remain constant. This is due to the
fact that tl-re weights which connect macro and micro-
parameters depend on the behaviour over time of the

r2rh.il, op. cit., p. 23.
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explanatory microvariables . . if this behaviour
chánged, one must generally expect that the macropara-
meteis will changè too.13

The question of parameter stability is important in the con-

text of their use in policy formulation" This is because

one would expect that poticy would be based only on a para-

meter that is stable.

The conclusion that macroparameters depend on

corresponding and. non-corresponding microparameters is an

important one. This dependence makes one wonder how much

information concerning the relationship between Èhe dependent

variable and the appropriate independent variable is con-

veyed, by the macroParameter.

But, does the existence of a bias in the macropara-

meter affect the efficiency of macromodels in predicting the

values of the macro dependent variable? This aspect of

aggregation theory is discussed in the next section"

AGGREGATION AND PREDICTION14

In this section we shall compare the explanatory

power of an all microequations model (Model I), a macroequation

I3rfr"itr oP. cit., P. 135. Another aspect of the
instability of maclop.rametãrs is that d.ifferent st'atistical
method.s yiefa dj-f ferent estimates of same macroparameters '
trbid", p. 135.

14,'prediction" as used in this section refers to the
predicted values of the sample values of the endogenous vari-
äUfe. Its strict use is in connection with future values.
The word. "explanation" is sometimes used' interchangeably
with prediction in this sense in this section"
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model (Model II) and a semi-macroequations model (Model III).

The first. comparison, that is, Mode1 I versus Model II has

been mad,e by Grunfeld. and Grilich"sls who postulated "true"

microequations of the form,

(2 
" 3.1)

where X^.¿E

and Ura is a microd,isturbance.

' However, instead of estimating these microequations

we estimat,e the following relationship:
(2.3 "2) Yir = bytixtit * Wit

where byli is a microparameter and Wra is a microdisturbance.

At the same time we also estimate the foLlowing aggregate

'equation:

"iË = byti.zxtit * by2'1iX2t, + uit' i = 1' o " "k

=T
L

X,.-i b--,, ^ and b--. 1.: are microparametersl-rË' yra " ¿ y¿. LL

(2 .3.3 )

where b^ is a macroparameter and U- is a macrodisturbance.--2 f
As Grunfeld and Griliches PuÈ it

what we are contrasting are the results of leaving one
macrovariable out of K microequations with the results
of leaving out K microvariables from the macroequation.16

The objective of this contrast was to find out how the models

.will perform in prediction when the microequations and the

macroequations are mispecified.

I
a

Yit = bZXZt * Ut

l5cr.rrr,f"ld. and

16rbia., p. 7.

Griliches, op. cit.r PP" 1-13.
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GuptalT has compared Mode1 IfI with Mode1s I and II

using basically the Grunfeld and Griliches equations that is

when both the microequations and the macroeguations have

different mispecification errors. Our approach in comparing

the relative predictive powers of Model I, If and III will

be to consider microequations (whether t,hey have a specifi-

cation error or not)18 and equations which are exactly like

these mJ-croequations except that the variables in these

latter equations are either aggregates (Mode1 fI) or semi-

aggregates (Model III). This is the approach taken by Theil.

Generally, however, the discussion here follows the lines

taken by Grunfeld and Griliches and by Gupta.

All Microequations Model Versus a
Macroequation Mod.e1

In order to compare the "explanatory power" of an

all microequations model (Model I) with a macroequation model

(Model II) , we shall consider the following types of relations:
(2"3"4)

(2.3.5)

(2"3.6) (a)

(b)

Ait = ooi- + olixit * tit' E("it) = o

At =oo*oIXÈ*rt

(2"3"7)

At = Iot.

x.t'

x..r-t

Chapter fII, p" 49. See also

I

.) x..+Lt't

r. +8.x. +v..L r- t, r-È

and Policy (Amsterdam: North

lTeuptar op. cit., p"

l8ror a discussion of

1958I, p;-327 
"

13"

specification errors see
H. Theil, Economic Forecast

Holland Publishing Company,
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where e.. and. Ê. are microdisturbances and. macrodist,urbances,-LËt

respectively, and coi, oli, oo, and a, are micro- and macro-

parameters. Equatíon (2.3.7) is the i-th auxiliary equation

which expresses a relationship between Xta and' the macro-

ind.epend.ent variable Xt; fi and Bt are Parameters and Vta

is a resid,ual in the auxiliary equation.

t,ions we

(2.3"8)

Aft,er some manipulations involving the above equa-
.19can oÞcaLn,

From (2. 3 .8 )

(2"3.e)

'.=l
we can

n (e.) 2

tit + I oriui.
l-

wríte,

Iggquations (2.3.6) and (2. 3 .4 )

(2.19.1') Ar = I 
(ooi * olixit + er.)

Using (2.3.7) in the above equationr w€

(2.L9.2') Ar = I 
qoi * oti(Ii + B.xr +

= ",1 
.i.)t + B(l orrvr.)2

If as

+

is often assumed in

2E(l er.) (l
I.

regression

By reference

(2"19"3r) .t,

=l
L

to

otivir)

analysis,

qoi r I orifr * I oriBixt * [ "r:-vit
(2.3.5) we see that

tit + [ oritit"
a

imply that

f
Li

9et I

vit) + tit

+[tiù
L



the X. rs
].

(2" 3" 10)

are nonstochastic;20 then (2.3.9) reduces to,

IÈ can be

E ([ .i.) 2

L
(2. 3. 10 )

)r(e.)-

seen from

unless the

vanishes . 2 I

However, the economeÈrician is often faced. with data

in which the Xi'= (i.e., the independent variables) are

generated by some random process, which means that the Xi'=
are stochastic. In this case, if the Xi'= are correlat,ed

with the e.'s, the Iast, t,erm on the right hand side of
t-

(2.3.g) does not vanish.22 tn fact, there is the possibility
of a negative correlation between I .ra and I ofiVia which

Ll-

could make n(r*)2 smaller t,han e(l ,ia)2.Ë' 
r-

Grunfeld and Griliches have used "comparable p2'="

as measures of the predictive powers of Model I and Model II.

= E([ ,r.)t + E([ orrvr.)2
tL

(2. 3. 10 ) t,hat n (.a) 2 is greater than

second term on the right hand side of

26

20the term non-stochastic as used here means that
the X,'s are fixed. If this is sor then the f .,'s and B.'s
as well as t,he V.a's in (2.3.7) are also ,ro.r-=to.hastic]

2lFor example this will be so when V.a is zero.
22If the X.'s are stochastic, then so are the V.,,'s,

but if the e,'s .trå th. V.,'s are independent,ly distributå¿,
l- l-

then the last t,erm in (2"3"91 will still vanish"



This is a

t'aggregate

follows:
(2.3.11)

)t
"composite Ro" value (R;) for Mode1 I, and

.) ')Ro" (R;) for Mode1 fI. These are defined

)
where So is the variance of the sum of the resid.uals in

v

Model 1, and s? is the variance of the residuals in Model
a

)II and Si is the variance of the macrodependent, variable At.

Since the denominators are the same in (2.3.11) and (2.3.I2),

all we need do ín order to compare the predictive powers of

ivlodel I and Model II is to compare the variances of their

residuals. rf following Grunfeld and Griliches, and Gupta,

$¡e regard the disturbances in (2.3.g) as calculated residuals,

$re can interpret the terms in (2.3.9) as variances and co-

variances, In this caser wê note that unless the sum of the

last two terms in (2.3.9) vanishes, Model I will predict

better than Model II. However, if the last t,erm is negative

there is the possibility that.. boÈh models will predict with

equal accuracy, ot Model II will outperform Model I.

Relative Predictive Power of a Semi-

R2=1c
)S: and, (2 " 3. 12 )

3
"A

an

as

R2=1a

27

^2
a

^¿Þ_A

Consider microrelations of the forms of (2"3"4),

where i = 1r..".rLr âûd t = 1r....rT. Let us partition the

I individuals ínto m groups of sizes I(1) r.o.. rI(m), respec-

tively" Now consider for each group a relation of the form

of (2.3"4), but involving the sum of the variables in that



group so that we

(2. 3.4 ) (a) Ai=r

(2.3 " 13 ) (a) Arr

have,

=ÆoL

r (r)
F
Li

r (r)r
Li=I

m=[x

(b)

f o-. X.r lrr Lrt'

xrË

x(c)

A.r-rË

(2.3. 14 )

(2"3"Is)

(d)

+ tirt '

X.r-rË

Ir
f (r) = I

where W are semi-macrod.isturbances and, all other variablesrE
are as previously defined.. It can be shown thatr23

rt

A.=a,+q,.X+Wrt or rr rË rt

28

L12ro.oo¡In ,

L12r."..rI(r)

X. . = f . + B, X + V.rrt l-r r-r rË rrE

' (2.23 .1'! )

23rro* (2.3.13) and

Using (2.3.Is )

(2 "23 "2t ) Art

Arr=lAirt=
we can write

r-= ) lo +
i-olr

(2

Ito
i
,

By reference to

(2,23 "3'',) Wrt

.3.4a) we

IA¡¡or-r J.rr

= I soir

have:

xirt * tirtl

clir(fir * Birxrt * virt) + tirtl

+f
+
a

+I
+
I

(2 "3 "I4 ) we

= I (oriru
I

orirfit

ori.virr + I eirr

see that,

+ I a-. B. x' ç -Iir-ir--rt
.r.

irt + tirt)



(2"3.16)

which means that

m
(2"3"17)

Hence $¡e can

vürt'
rlr)= t (orit

the sum of

(2"3.19) R

Iw!rt.r
define

m I(r)
= I I (orirvirt * tirr)'

rL

the predictive power of Mod.el ltt a=,24

^2orw
rËrT

"A

of the last term on the right, hand. side

variance of the sum of the d,isturbances

where the numerator

of (2.3.18 ) is the

vi*t * ti.t)

the disturbances of Model III is,

of Mod.el III" We wish to compare R

2
p

1

this r r¡rê will assume that there are only four individuals
(i"e. , i=1, .. . . r 4) . We will also assume that each group

contains two ind.ividuals (i.e. , L(r)=2, m=2 and r=1r2), and

that variables are measured. by their d.eviation from their
25mean.-- Consider now the following equations;

29

(2.3.19 ) (a) Al = A1I * A2I

(b) Xt = XII * XzL

(c) xrl = Btxl * vtl

(d) X21 = BZX' * VZL

(e) AI = CtXt * WI

2

P
with R2 and. R2. To doca

p"
24Û,i= definition

19"

25r'or eonvenience, Èhe subscript t has been d,ropped.

(f) Az =

(g) xz =

(h) x¡z =

Azz +

xge +

Bgx2

B axz(i) xaz =

has been given by Gupta, op. cit.,

Aqz

x4z

* v32

* YLz

(j) AZ = CZKZ*W2



Using (2"3"4a) and (2"3"19)

(2"3"20)

From (2"3"20) we can writ.e,

2^
(2.3"21) E( I w-)'= E(-Àr=I

+

4( I a., .V.") +
-:-r L J )-
J-J

+

2
(w1+w' ) = I!& r=l

we can

4
Vü=f

fL
l-=I

show Èhatr26
2

E. + Ï cr..V..
l_ ..- IL LJf.=I

4
+ .i^ o.,*vi2

j=3 rJ

ff as beforer \¡rê assume that
(2"3"2L) reduces to,

4^2^
. I-'r)' + E (. I:ritir)'
f-=l l-=I

4n2

" 
(.I" otiv i)' + ,u (. 

I., 
orivir )

J-¡ r-r

24
2E (. J- orivil) (. [. er)

l-=l .L=I

44
'" trlro' iv )z' trlr'i)'

the X, 's are fixed, then
a

(2.3"22)

30

)
e( I w-l¿ = E(

-!r=l-

+

Ile note from (2.3.22) that Model I will predict

better than Model III unless the sum of the last three terms

on the right hand sid.e of (2"3"22) vanishes" It is possible

ëhat the last term in (2"3"22) i.s negative, in which case

¿)
. I-.r_)' + E(. I-oritrr_)'
1=I l-=I

4^
"(_,l"orivi)" 

+
J-J

26see footnote 23, p. 28.

2
2E(.I-orivir)

L-r

4(ilr"tlui')
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there is the possibility that Mod,el III may outperform

Model I" These conclusions hold if the Xi'= are fixed.

If they are sÈochast.ic, however, and they are correlated

with the €,'s, then the outcome will depend on the signs and
J-

the magnitudes of the terms in (2"3.2I).

Once again, following Grunfeld and Griliches, if we

interpret the disturbances in (2.3.2I) as calculated resi-

dualsr w€ can regard the terms in (2.3.2L) as variances and

covariances. on the basis of the simplifying assumption

that the last two covariance terms in (2.3"2I) vanishr !v€

can write that equation âsr

(2.3 "23) s3

EWrr

+2t I o-.o-.Sþ þ Il- I-l v.-V,^i., --j -* " i1' j2LfJ-

T8 compare Model rrI v/ith Model I in terms of
.r,7

explanatory power, we can write (2.3.23) as follows:o

^2="4
Xe.II

4+I
j=3

)
+ 

I "litlr, + 2or1o12sr11r21 +

o? .t2 + 2.'-.rl ujz r3o14svr zv4z

27tt should. be noted f rom (2.3 "19c) and (2 
" 3. 19d)

that' (2.27.L') v1l = xtt 
"lxt

ändo Q"27 "2') Y2L = XZt B'XL

Adding the above two equations, we get,
(2"27.3') V1l * V21 = X1l * xZt (81 * BZ)xt

Hence 
= xL xl = o, (since BL * Bz = 1)

(2.27 .40 ) vl' = -vzt, and t]r, = ,1r, = trrrtrr.



(2 
" 3 "24]-

.)s;=
x!{rr

If we follow Grunfeld and Griliches and make new definitions

for c- and. cr.- Ir I j , $¡e can express (2 '3 '23) also as 
' 
28

(2.3.2s) ,i = "i + ,i, ,ír, *îr, (r-r*rr*r)I-*= .1. "tr=l 't=l

sf, + (o1r-or2¡tt]r, * (o13-o14¡2'?r3z

Xe..J-
I

.tlnì orioljs'ir'je

+ too* oor, [t*rr*rr- Y*rr*rY* 2L*L'torrto,,

32

4+l
j=3

We can now draw the following conclusions '
(i) If all the expressions on Èhe right hand side

of (2"3.23) are positive, then Mode} I will predict better

than Mode1 TIr. As can be seen from (2"3.241 , however, if

the partitioning of the microunits with respect to Model III

o toorro onrl' *rr* 42 Y xrr*rr x 42xzt 
torrton,

+2IIj.li oliorisv.-v.^
" l-I J¿

28see the mathematical notes to this chapter, Appen-
dix A" These relationships have been shown to hold by Grun-
feld and Griliches and by Gupta. See Grunfeld and Griliches 'op" cit. r pp. L2-L3 and Gupta, op. cit., PP. 101-108. The
reason for repeating these proofs in this study is to provide
a quick reference for this chapter.
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is such that the coefficients belonging Èo the microunits in

each group are close to one another, then the difference in

pred.ictive performance between Model I and Model III will not

be great.

(ii) In (2"3"25), the second and fourth terms on the

right hand side indicate that, if the correlation between the

X= ts of the same group is very high (close to 1), then the
L

predictive performance of Model III may come closer to that,

of Model I. In (2.3.25), t,he signs of the third and. fifth

terms on the right hand side can be shown to be negative.

Alsor the last term on the right hand side of (2.3.25) may

be negative" Consequently, there is the possibility that

Mod.el III may turn out to outperform Model I in pred.ict,ion.

These conclusions hold if the last two Èerms on the

right hand side of (2"3.2L) vanish. If , ho\^rever, these two

terms do not vanish, then the result will depend on the signs

and. the order of magnitudes of the terms involved.

In order to compare Model III with Mode1 II while

stíIl assuming that we have calculat,ed residuals, and on the

basis of the simplifying assumption that the last term in
(2.3.9) vanishes, v¡e can write that equation asr29

(2 "3.26)

29rni= can be seen from following the proced,ure
out,lined in Appendix A"

)S- =Sc"t
2
4

Ii

Á

+ I rí (r
l-=I l_e.

t_

.2
^tlct'x. x' A.t_L



In comparing (2.3"25) to

conclude that if the *i'=

correlated, then,

trlrtírr"ir,- (r 'irr*,.'

+ I'I sa.se.[t*.*. Y**.Yxx.Joo.oo.
¿.f) r" I r-l r I r. )

While the third and fifth terms of (2.3.251 and the third

term of (2.3.26) are each negati-v"r30 it is difficult to say

what are their relative magnitudes. The last term in
(2.3.25) has no counterpart in (2"3.26) " If this term is

negative and its mägnitude rela'bively large, then Model III

may predict better than Model fI but the result may well be

reversed if i-ts sign is positi-ve.

To surtmarise, we have shown formally that aggrega-

tion bias exists in macroparameters. Whether this bias is

large or smal1 in any part,icular situation is an empirical

guestion. ïn this study, aggregation bias is calculated for

the parameters of the aggregate Canadian Prairie wheat

acreage supply response function. The t,emporal compositions

of the macroparameters are also investigated.

The "predictive" performances of aggregate and dis-

aggregate models are also corrpared empiri-cally" It was seen

(2.3.26) it seems reasonable to

wiÈhin each group are highly

34

30thi" h-" been shown by Guptar op. cit., p. 22.
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from the t.heoretical d,iscussion that a partitioned approach

may someÈimes have a higher explanat.ory povüer than eit'her

an aIl-microequations model or a macroequation model. Con-

sequently, a semi-macroequations model (Model III) is

included in the comparison of explanatory powers. The

measure of explanatory power used is the multiple correla-

tion coefficient, R2.

It is recognized. that a high multiple correlation

coefficient does not necessarily imply low forecast e=tors.31

Consequently a comparison that is also made among the three

models is their performances in forecasting the aggregate

Canadian Prairie wheat and barley acreagies.

The smallest units on which data are readily

available are crop districts. These are used as the micro-

units in this studY"

3lrfreit, Economic Forecast and Policy, oP. cit.,
pp" 2LL-2L5"



CHAPTER TII

CONCEPTUAL A}ÍD STATISTTCAT MODELS A}TD

PROBLEMS ASSOCIATED WITH ESTIMATION

INTRODUCTÏOT.T

This chapter is devoted. to a discussion of the con-

ceptual and statistical mat,ters relating to the esÈimatj-on

of output response functj-ons for wheat, and barley in the

Canadian Prairies. It also contains a discussion of the

methodology for the calculation of aggregation bias where

the macrovariables are weighted averages of the corresponding

microvariables. There are three sections. Section one is

concerned with developing conceptual mod.els for these crops.

Econometric topics including the choice of vari-ables. and

equations, and estimation techniques are discussed in section

two. In section three we discuss the methodology for the

calculation of aggregation bias in the macroparameters and

the macrodisturbances" ivlicroeconomic t,heory assumes that

entrepreneurs act rationally, implying that, entrepreneurs'

adjustments to economic changes are guided by the criterion

of profit maximisation. This assumption is taken as the point

of departure in the estimations in this study. Also, whether

or not producti-on and input markets are perfectly or imper-

fectly competitive is not germane to this study" This is

because, the objective of this study is not Èo explain the

36



determination of product, and input prices, but rather to

study farmers' reactions' given these product and input

prices "

CONCEPTUAL MODELS FOR WHEAT AND BARLEY PRODUCTION

For expositional tidiness the discussion will be in

terms of a single commodity--"grains". However, when the

specific models arepresented, distinction will be made bet-

ween the two different categories of grains considered in

this study.

Grain production in the canadian Prairies can be se-

parated into two components--acreage and yield. Though

farmers can influence yields to some extent' year to year

changes in yields are considered to be mainly due to techno-

logical and weather factors which are outside the control of

farmers. Therefore, in considering grain production decj--

sions it, Seems reasonable to assume that in any year the

acreage that the farmer plans to plant is a measure of his

intended supply.l Acreage rather than production is, there-

fore, taken as the variable to be explained in this study.

The variables which influence the desired acreage of grains

at time t are the expected price ]eve] of grains, the price

of other factors used i-n conjunction with land, and the

opportunity cost of t,he land used in grain production" Thus

37

lrhi= assumption has been made in many studies' see
B, Oury, "A Tentative Production Model for Wheat and Feed-
grains in France." Unpublished Ph.D. Dissertation, Univer-
sity of Wisconsin, Department of Agricultural Economics,
1963, p" I42¡ Timothy E. Josling, The United-Kingdogr Grains
Agreçment (1904) t A" E""""*i" 4""1É, Institute of Inter-

iversitY, 1967, P. 32-
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for any given stat,e of technology, desired acreage may be

written âsr

(3"1"1) oö = F(Pö, Po,P.)

where:
' A* = desired acreage of grains,g

P- = the price of inputs other than 1and,o

P* = the expected^ price 1evel of grains, andI
P" = the opportunity cost of land devoted to grains.

But there are ot,her technical constraints which

farmers take into consideration in formulating acreage p1ans.

Problems of disease control and soil fertility impose limita-
tions on the rotational pattern that farmers may adopt and

conseguently affect the desired acreage. Various institu-

tional factors also exert, an important influence on the

acreage devoted to grains. these institutional factors show

up in various forms, a significant one as far as grains in
the Prairies are concerned is stocks of grains held on farms.

As stocks of wheat owned by farmers on farms accumulate due

to the imposition of quotas and other restraints by the

Canadian Wheat Board, farmers may plan to divert product.ion

from wheat to other commodities such as flax, rapeseed,

barley or some non-grain commodity. Other influences on

desired. grain acreage are the improvements in technology

such as better varieties and improved chemicals" Therefore,

we may express desired acreagie âs ¡

(3"1.2)

where:

Al=F(Pt D D " IrTrC)

S-- = stocks of grains on farms,
td
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I = institutional factors,
. T = technological changes, and

C = cultural factors, and

all other variables are as previously described.

Even though farmers may formulate specific plans as

to the acreage they intend to sow to grains, the acreage

that is actually seeded is influenced to a large extent by

the condition of the land. prior to and during the planting

season" Bad conditions may prevent preparation of the land

for grains and this land may subsequently be used for some

other non-grain enterprise. Therefore, actual seeded

acreage can be expressed âsr

(3.1.3)

where:
w-
[=g

Og = F(Pðl Po, P c, Sw, I' T, C, Vü)

weather,
actual seeded acreage, and

all other variables are as previously described.

In the previous sectionr wê derived a functional

expression relating seeded acreage to certain other varía-

bles (bot,h economic and non-economic) " The relationship was

stated. in a d.eterministic form. Doubtlessly, some other

relevant variables may have been ignored^ in the above formu-

lation partly as a result of ignorance of the theoretical

basis for their inclusion. If these omitted variables are

assumed to be random, that is, if they can be represented by

a disturbance term with a random distribution, then we can

ldrite,

STATISTTCA], MODELS AND APPROACHES USED TO

ESTIT4ATE ACREAGE RESPONSE FUNCTIONS



(3.1" 4 )

where I

U = the disturbance term, and
all other variables are as previously described.

Price Expectation Models

Og = F(På, Po, P., T, l{, Sw, C, I, U)

The prices entering the acreage response function,
it may be noted, are those expected by grain producers. But

farmersf expectations are not directly observable. It is
required, therefore, to replace these expectatj-onal variables

by observable variables. Toward this end, Nerlove has pro-

posed a general price expectation model which states that
the "normaI" price expected by farmers in the current period

Ís the expected "normal" price in the immediate past period

plus some factor which "is proportional to the dj-fference

between the actual and the expected. "normal" price. "2

(3.1.5)

where:

40

In symbols, this hypothesis can be expressed âsr

në = nË_r + Ê [Pt_t - på_1], o < s ? L,

PË = the expected "normal" price in period t,

Pi , = the expected "normal" price in period t-1,t,-L
Pt_t = the actual price received in period t-1, and

p = the coefficient of expectations.

be seen from equation (3.1.5) that íf ß = !, we canft can

write,
(3" 1" 6)

53.

D*=Þ- r -r-1

2Ner1ove, E Dynamics of Supply, op. cit., pp. 52-



prrce

(3.1.6

(3.1.7

where:

If, therefore, farmers' supply response involves a

expectation model such as is represented by equation

), we can rewrite equation (3.f.4) âsr

all- other variabl-es are as previously described.

This function is the first model examined in this study and

is equivalent to testing the hypothesis that farmers plan

production upon the basis that this yearrs price will be the

same as the price realized last year. This specification of

the response model has been variously referred to as a

"simple cobweb mode1", "the model of extrapolative expecta-

Èions" and. as the "static model. "3 This statj-c model may be

regarded as a limiting case of the more general Nerlove

model of price expectation formation--the "model of adaptive

expectations. "

The general price expectation model expressed in

equation (3.1.5) implies that the expected "normal" price

to which producers respond is a weighted average of past

prices with the weights declining from recent t.o less recent

AG = P(Pørt-l' Po ¡ P"r Tr tr{' Sw' Ct r-' U)

P , a = the acLual price receiveo for grains in
9rt-I

t-I, and

4I

3_-For example, see J. H. Duloy and A. S. Watson,
"Supply Relationships in the Australian Wheat Industry: New
South Wales, " Australian Journal- of Agricultural- Economics,
Vol. Br No. I
F. G. Jarrett, "Supply Responses in the South Australian
Potato Ind.ustryr " Australian Journal of Agricultural
Economics, Vol. I0
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periods. The rate of decline of the weights depends upon

the value of g, the coefficient of expectation. If ß is

close to one, then the weights decline sharply and only a

few past prices are important. If ß is close to zero ' a

great many past prices are given consideration" C1early an

estimate of ß would shed a great deal of light on the price

response pattern.

To obtain an estimate of 9, however, it is first

necessary to assume that there is no lag in the adjustment

of current acreagie to "desired" or "long-run equilibrium
ll

acreage."= This is a reasonable assumption in the case of

g'rains in the Prairies. Within the confines of a given

planting period, agronomic limitations such as rotation

requirements, and technological rigidities such as limiting

machinery capacity are not likely to seriously restrict the

farmer making a complete and "instantaneous" adjustment to

changes in expected "normal" príce.

Making this assumption and assuming a simple supply

response equation such âs,

(3.1.8) At = oo +

where all symJrols are

simple manipulations,

4S.. Nerlove, The Dynamics of Supply, op. cit.,
pp. 6I-62. This assum nable ß to be
unambiguously interpreted as the coefficient of expectation.

ofPl * U¡r
t

as previously describecl, we can by

transform equations (3 .1.5 ) and



(3.1.8) into the

(3"I.9) At =

where,

(3.1.10) Vr =

Therefore, if the

we can combine it

r
following equation:'

ooß + otßPt_t + (f ß)aa_, * vt

(3.1.11) A =g

This model is also

ur (r ß) ut_r

Choice of Estimation Technique

general price expectation model is

with (3.1.4) to obtain,

P(Psrt-I' Po' P"' Tr W' Sw' Ct r'

examined in this study.

It seems appropri-ate to indicate approaches to

statistical estimation whi-ch have been used in connection

with farm supply models. Many research workers have used

single equation regression models. These include studies

43

È

'The derivation of equation (3.1.9) can be achieved
by lagging equation (3.1.8) by one period to obtain,

(3.5.1') At_l = oo + otlP* Ut_I
t-1

From (3.5.1r) \'ve

(3. s.2') ni_r

Substituting (3.5

used,

(3.5 " 3 | )

Using (3 " S

(3.5"4')
io

(3.5.5,)

Agrt-r' v)

can write,

= (o.-t oo Ut-t )'4r"

.2') in (3.I.5) abover w€

(I ß)(At_t oo ut_r)

(3.1.8) above we get,

oo + (1-ß) (At-t-oo-ut-t)

D* =c

.3') j-n

À=t

Ar = ooß + otßPt_t + (f ß)At_f * Vt

get,

t4, + ßPt-l

r ^, OT) J- l'r' *rPtt-r ¡ vt



by Bowlenr6
IT

J OSltng,

cussed the implications of simultaneous equation estimation

and applied the technique with eirschickl4 in determining

the structural parameters of a sysÈem including a demand and

supply equat,ion for food. in aggregate, some studies have also

used this approach in connection with supply estimation" For

example, Footels and cromartyl6 have used. the simultaneous

candrerrT ouryrB Duloy and watsorr9 PrutarI0

and schmitz.12 However, since Haavermol3 dis-

6g. J. Bowlen, "The
of Farm Economics, Vol" 37

TWiIfre¿ Candler, rrA.n Aggregate Supp1y Function f or
New Zealand Wheatr" Journal of Farm Economics, Vol. 39
(December, 1958), pp. L732-174L.

8g, ouryr op. cit.
9Puloy and watson, op. cit.

10r,. o. Pluta, "A Study of Acreage Allocation Deci-
sions in Alberta and Saskatchewan, L921-I962." Unpublished
Ph"D. Dissertation, Queen's Uni-versiÈy, Department of
Economics, L967.

11_JOSAI-n9, OP. Cl-E .

12g. schmitz, t'An EconomÍc Analysis of the world Wheat
Economy in 19BO." Unpublished Ph.D. Dissertationo The Univer-
sity of Wisconsin, Department of Economics, 1968.

13t. Haavelmo, "The Statistical Implications of a
System of Simultaneous Equationsr" Econometrica, VoI. II,
No" 1 (January , 1943) , PP" L-12.

I4¡4. A. Girschick and. T. Ilaavelmo, "statistical
.Analysis of the Demand f or Food.: Examples of Simultaneous
Estimation of Structural Relations, " Studies in Econometric
Þlethod, !f . C. Hood and T. C. Koopmans
F'Ï@ r9s3) , pp. 92-111.

15R. J. Foote, "A Four Equation l"lodel of the Feed' and
I¡ivestockEconomyanditsEnd'ogenousMechanism,''{9@
Farm Economics, Vol. XXXV, No" I (February, 1953), pp"44-61"

16w" A. Cromarty, "An Econometric Model for U. S.

44

Wheat Supp1y Functionrü Journal
(Decembe r-,- L955 ) , pp. 117Æãl
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equation approach involving supply and. d,emand of agricultural
product,s in the United. States.

The simultaneous equation approach was not considered

for adopÈion in Èhis study. If, equaÈion (3.1.11) which

contains a lagged value of the endogenous variable is

estimated by least squares, biased and inconsistent estimates

will result.17 rt is possible, however, to obtain asympto-

tically unbiased and consistent estimates of the parameters

of (3.1.11) by using an estimator such as Liviatan'=.18

Despite the bias, however, least squares can be used to obtain
ùhe p.ru.*eters of the model of adaptive expecÈations. For as

DuJ-oy and Watson have pointed out, "the bias of classical

least squares estimates of distributed lag mod,els compared

with asymptotically unbiased estimators, can be considered

in the sarne way as have similar problems arising with small

sample estimates of simultaneous equations. "19

Choice of Functional Form

Given the hypothesised existence of an acreagie

response function, the next step is to determine the

Agriculturer" Journal of American Statistical Association,
võl" 54 (septe

17rhi" is so because A+-r câr bê shown to be corre-
lated with the d.isturbance, Vt"iä equation (3.1.11) ,

18¡1. Liviatanr "consistent Estimation of Dist,ributed.
LagsrÍ International Economic Review, YoL. 4, No" I,
(lanuar r, " Klein r "The Estima-
tion of Distributed Lagsr" Econometricar Vol" 26 (October,
1,958), p" 5.

lgouloy and watson, op. cit. , p. 37 "
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appropriate functional form. One rule that aPpears to be

relevant in choosing among alternatiVe forms is to refer to

the logic or the basic mechanics of the decision process

involved. In this Sense, a "truet' funcÈional representation

und.erlies a given acreage response function" HoWeVer, we

know very litÈle about the mechanics of entrepreneurial

decision processes to be able to establish both Èheoretically

and empirically that a particular functional form adequately

describes the logic and mechanics of an acreage response

decision process. Yet, research of nearly four decades in

the field of supply analysis using time series has estab-

Iished a strong presumption that two functions are realistic

initial approximaÈions of the "true" form. These are the

Cobb-Doug1as type functions which give a linear relaÈionship

between the logarithms of the variables, and functions which

are linear in the original variables. These two functions

are utilized in this studY.

SO¡48 MORE COMMON ECONOMETRIC PROBLEMS
ASSOCTATED WITH ESTIMATION

Although the variables to be included in the esti-

mated acreage functions are based on the theoretical models

which we have d.eveloped, not all the variables are included

in any equat,ion for three reasons, namely, (I) when the

nr¡mber of regressors are large relative t,o the length of the

time series available, the variance of the estimated coeffi-

cients increases and, hence, reliable estimates of the

coefficients of the included variables cannot be obtained"



This has an important bearing on hypothesis testing i Q)

variables may be omitted either because they cannoL be

measured or d.ata for them are unavailable or difficult to

quantify (e.9., disease and insect attack). The omission of

variables gives rise to the problem of specification bias.

It may also produce autocorrelated errors; (3) some vari-

ables may be omitted from an estimated equation because of

the presence of multicollinearity.

collinearity are econometric problems which very often show

up in statistical estimation of parameters. Below is a

Specification bias, autocorrelation and multi-

brief account of these more

Multicollinearity

together over time as

of economic phenomena.
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There is a tendency for many economic

ance of approximate l-inear relationships in time series of

regressors. This phenom.enon is known as multicollinearity

or intercorrelation.

common problem=.20

20rÌru discussion here of econometric problems associ-
ated with the estimation of quantitative reLationships
between variables is not meant to be exhaustive. The pur-
pose is to provide a quick reference for the more conunon
problems associated with econometric estimation. I{ore
exhaustive and detailed reference to the material- discussed
here can be obtaíned from a large number of textbooks such
as J" Johnston, Econometric MeLhods (l,ondon: NlcGraw-Hill
Book Company, 19 erger, Econometric
Theory (Ner,v York: John Wiley & Sons, Inc., 1964). Other
sources some of which are cited in this chapter also exist.

a result of the general

This usually results in the appear-

series to move

interdependence
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The problem presented by multicollinearity is that
the variance of the regression coefficients become blown up

and thereby reduce our confid.ence in these coefficients.
. Multicollinearity also introduces the problem of

"identification" of regression coefficients. rn general,

the coefficient of the i-th regressor measures the change we

can expect to occur in the regressand if the i-th regressor

changes by one unit, while atl other regressors remain

unchanged. However, in murticolrinear data, there can be no

independ.ent movement of regressors and, hence r w€ do n9t

know how much information concerning the relationship
between regressand and a regressor is contained in its
coefficient. suggestions for dealing with multicollinearity
include omitting some of the explanatory variables from the

equation, and the use of extraneous information, if any.21

There is no concensus on how great the intercorrela-
tion among regressors should be before the problems of

multicollinearity mentioned above become serious. In this
study, a correlatj-on among reg:ressors with a modu1us in
excess of 0. B is taken as prima facie evidence of serious

multicollinearity between the two variables. Where two or

more variables are multicollinear in this sense one or more

of them is suppressed.

21r." Goldberger, op. cit,, pp. 255-262.



Specification Bias

Excluding relevant variables biases the estimated

parameters, unless the regiressors are orthogonal (i.e.,

completely independ.ent of each other). To illustrate this

consider a true model:

(3.2.1)

where, A is

kxl vector,

variable is

relation:
(3.2.2)

A_Xß+U

an nxl vector,

and U is an nxl

omitted, and we

where X is identical to

represented in X, (i.e.,

priate order). In this

[=Xß+U

X is an nxk, matrix, $ is an

vector. Suppose that the kth

instead estimate the following

(3.2.3)

..22where II,-ß,- is the bias due to the error in specification.--K'K

However, if alt the variables in X are uncorrelated then ît
K

is a nul-l vector and the specification bias vanishes. The

X- 's are unlikely to be orthogonal so that we can in gene::al
a

expect specification bias when one or more relevant regressors

have been excluded.

Autocorrelation
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E(ß)=ß+finßo

X except that the k-th column is not

I is nxk-l; B and Ú are of appro-

case we can show that,

22_Itk l-s a
Theil has called
Economic Forecast

One of the most important assumptions of the

vector of regression coefficients in what
the "auxilliary regression.I' See Thie1,
and Policyr op. cit., p. 327 

"
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classical linear regression model is that the disturbances

are randomly and independently distributed. However, there

are several reasons why this assumption may be invalid. One

common cause of autocorrelated errors is the omission of

variables from the analysis. These omitted variables sub-

sequently find their place in a "composite" disturbance

term so that , Lf these omitted variables are serially

correlated, the "composite" disturbance rnay also be serially

correlated, even though the disturbance term in the "true
relation may be non=autocorrelated. Horvever, serial correla-

tion in individual omitted variables need not result in auto-

correlated disturbances since individual components may well

cancel one rrroti"r out. Autocorrelated errors are likely to

result if the serial correlation in the omitted variables is
pervasive and if the omitted.vàriables tend. to move together

in the same direction. A second cause of serially correlated

errors is mispecification of the functional form. If for

instance, a linear form of equation is specífied when the

true form is quadratic, then the quadratic term will find

its way into the disturbance term. A third possible cause

of autocorrelation is errors in the variables.

If we use least squares when there are autocorre-

lated errors, the estimates of the parameters obtained are

unbiased. However, the variances of these estinates are

biased--in particular they are biased downwards if errors

are positively autocorrelated, which is usually the case in

economic time series. Estimation of reqression relationships



in the presence of autocorrelated. errors are discussed in

the textbooks footnot"d.23

unwittingly applying least squares to relationships contain-

ing autocorrelated errors, it is important that we test for

Because of the possible serious consequences of

the presence of autocorrelation, and if necessary adopt

alternative estimating procedures to circumvent it.

A widely used statistic to test for autocorrelation

is the Durbin-Watson24 statistic.

âSr

(3.2.4)

Durbin and Vlatson

different numbers

When conducting a

d-

tionr wê will reject the hypothesis of random

51

in favour of that of positive autocorrelated disturbances,

tï=r- ui

if the calculated d is less than d". If d t du, Èhe nul1

have tabulated upper and lower bounds for

This statistic is defined

of explanatory variables and

one-tailed test for positive

23^-'See also W. J. Craddock, Autocorrelated Errors in
Single Equation Least Squares Reqression, Dept. of Agricul-
túral Economics, University of Manitoba, Technical Bulletin
No. 9 (January, 196 B ) ; and P. S. Dhruvara j an, t'Problem.s of
Serial- Correlation and Irfissing Values in Econometric Models, t'

Dept" of Economics (¡timeographed) , University of Ì.tanitoba.
More advanced material is contained in P. S. Dhruvarajan,
"lulaximum Likelihood Estimation of Simultaneous Equation
Systems rvith Temporally Dependent Disturbances. " Unpublished.
Ph.D. Dissertation, NorthWestern University, L967 .

24¡. Durbin ancl c. S. watson,
lation in Least Squares Regression, "
(June , L95l) , pp" 159-178.

observations

autocorrela-

di sturÌ¡ances

"Test for SeriaI Corre-
Biometrica II, 3B



þvpothesis wi

clusive if dL

The Durbin-Vüatson test has two notable shortcomings.

First, the inconclusive range tends to be relatively large

when the number of observations is about 25 or less and

there are only a few explanatory variables. This means that

\'/e may tend not to reject many false, null hypotheses.

Second1y, the test is strictly applicable only when the

regressors in the model are truly fixed. Consequently, when

lagged values of the regressand are incl-uded as pred.etermined

variables, the test only becomes an approximate one.

t1 not

d

be rejected, while the test is incon-

du.

. Other tests which are also used to detect autocorre-

lation in the disturbances have been developed by Von-

N"r.,*u.rrr25 Theil and l{aget,26 and TheiL.27

METHODOLOGY FOR THE CALCULATION
OF AGGREGATION BIAS

In Chapter II, we introducecl the relationship

between the macro and micro parameters. In the specific

example used in the three variable case r we represented.

52

251. Von-Neuman, "Distribution of the Ratio
Mean Square Successive Difference to the Variancer"
of lrlather¡atical Statistics , Vo1. L2 (December, 1941)
pp. 367 - 395 "

26,_H.
of Regression
Association,

27 n.
sion Analysis
Vol. 60, No. 3L2 (December, 1965) , pp. l-067-LO'/9.

Theil and A. L. Nager, "Testingi the Independ.ence
Disturbances, " Journal of American Statistical

Vol. 56, Ìi1o. 296

Theil, "The Analysis of Disturbances in F.egres-
," Journal of American Statistical Association,

of the
Annals



these relationships by

(2.2.zelr')

(2.2.30b)

(2.2.3Ib)

o

0r=

where the terms in square brackets constilute the aggregation

bias in each case, I is the total number of microrelations

and all other symbols are as previously d.escribed.

In this sectionr wê develop formulae for the calcula-

tion of aggregation bias for the four-variable case where

all macroindependent variables are weighted averages of

corresponding microindependent variables.

Consider the following micromodel,

ïcrI Ol_
T

;.. +
-Lt-

the following equations:

+ II cov (o11, f f i) + cov (o 2í,1 2l ) ,

IIcov(o11,"fi) + cov(crr1,B21) l,

o2 = ãr, + I[cov (cx11rcf i) + cov (a.i, cr1) I ,

(3.3.1)
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Let the corresponding macromodel be,

(3.3.2)

where,

(3.3.3) (a)

(b)

Ait = ooi + oriPit * o2iXit + o3iTt * eit '

i = Lr2r....rI

At = oo * olPt * o2Xt + o3Pt + et

(c) xt =

(d) Tt =

Ait' Pit' Xit and

\--
Ì^it'
l_

D
t

f.

f.

't)

i'it '

ï¡xL-
1I

F/(¡
].

T,.J.t

it'

ñ.r.r r-t

are microvariables, while Aar Pt' Xt



and T. are macrovariables. À., ô. and, (¡): are weights used.-t r' I --A

in constructing the macrovariables. All other terms carry

the same meaning as before.

To facilitate the calculation of the aggregation

bias, let us also set up auxiliary equations as follows:

(3"3.4)

(3"3.5)

(3"3.6)

Ysins (3.3 
"

getr

(3.3 
" 7)

Pit, = fti * BriPt * ctixt * DliTt * vrit '

xit = fzi + B2iPt * c2ixt * D2iTt * vzit '

Tit = r¡i * B3iPt * c3ixt * D3iTt * v¡it o

I), (3.3.4), (3.3.5) and (3.3.6) in (3.3.3a) \^/e

F o3i (r gi*BgiPt+CaiXt+D:iTt+Vgit)+titl

Gathering terms from (3.3.7) and by reference to (3.3.2) we

At = I 
ot. = 

Ì.t"ot 
* oli (rti*BtiPt*clixt*Dtirt*vlit)
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have,

(3.3. e ) (a) 0o =

*o2 i ( r r r+4, iPt+c2 ixt+D2 iTr+Vz it )

(b)

I
L

i
L

lI

I
L

i
I.

or=

oz=

g3=

"t

(c)

coi + I ori.rri +
L

oriBri +

oricri *

otiDli +

orivrit n

(cl)

(e)

I ozrBzí + 
I

I oztczi + 
I

I o2iD2i + 
I

I ozivzit *
1

I"rirzi*losir:i
ogiBa i

o¡ic3i

o¡iD¡i

II
o¡ivgit +[

I
eit



55

Thus in (3.3.8), we have expressed the macroparameters

and macrodisturbances as functions of the microparameters and

microdisturbances with certain weights--the coefficients of

the auxiliary equations. These weight.s obey the following

rules, ,r-*"Iy;28

(3.3.9 ) (a) IÀ . B- . =+ l- t-t-
L

(b) Iôi"ri =
l_

(c) I'iD¡i =

i
With a slight change

express relations (3.

cal-culate aggregation

macrodisturbances.

Thus, (3.3.1) may be

'l - Ir r-. = Ir,c-. = IlL t 4"í', 1i +"i-li +"
l- l- l-

t. Io.r^. = Iô,e^, = Io.o- rc
' + r ¿L ? l- ¿L ? r- 2i 4uil-raa

r, Iti 3i = Iti-B¡i = I'iD:i = ItiLl-Lr

in the formulation of (3.3.1) ' we

3.8) in a form which will allow us

bia-s for all the rnacropararneters

(3 " 3.la)

or

(3 " 3.lb)

,D-. =r ll-

4.. = g
l_t 01

I

written

Tr \z4"i"rir
I

where

(3.3.10)

0,-. Ir- ,.* -T-l(ni"it)
.t

+ e ..t-t

=0

v^..- 0¿Lt

v^,.- 0
J ].8

can

to

and

4.. = cr +r_t oL

+

cx^.
+ 1' (ô.x, )ô. ' I l-'

CI'..rl-

-=
T.,.1

"ii(Àinit)
e.ac

28_..'I'ne proor Ls gaven

0ri
*ri ' ô. *2L

I

0,^.
+ fl('iti.)

t_

+ crl.¿L
(6ixir)

0r:JI'%oài

+ "åi 
('irit)

in Appendix B.
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Therefore, \.ve can use (3.3.10) to write (3.3.8) as follows:

(3.3.11) (a) oo = I"o, + I"iiÀ¡.tri + Ioåiôirzi + Ioåirif :i-L]-l-L

(b) or

(c) o2

= Isl.À.e-. + I"åiðiuzi + Ioåi'iB¡iiJ-ral.a 1 r_

= IoiiÀicri + Itåi6icri * I"åi'ic3i
al-J-

(d) o3 = I*iiÀiori + I"åiôiDzi * I"åi-riD:i
l-Ll-

Now,

1-'l -(3.3.12) cov(oi::Àirri) = i ) (crir-crii) (Àirri-i iÀirri_)
l_f

(e) 
"È = ì.itÀivrit 

* 
ì"åtðivzit 

* 
loåi'ivait 

* 
Ittt

Therefore,

(3.3.13) I "r.À.1- = r cov(oii,Àiffi)
i l-f aIr

Similarly,

(3.3.ra)(a) Iclå
l-

(b) I "åI

Thus in (3.3.lla)

't-
= i I(oir-oi.)(rrrrr),

l-

since IÀ.f-. = 0.]. II

l-
) d' À I

I?IfA]I
l_

6if2i = I cov(oåi,ðifZi)

,if 3i = I cov (o. jl r tif ¡i)

cr^ can be expressed âsr
o



(3"3.ls)

Now,

(3.3.16)

o, = Ioo ior-
+ I[ cov (o ii, À i-f ti )

+ cov(aj, rif ¡i)l

cov (q,ii, À iBf i )

Therefore,

(3"3.17)

Similarly it

(3.3.18) (a)

1r
I+

l_

+ cov(aåi,ôiffi)

{oit-oit) (rre, '

(oi1-oii) (ÀiBri

ce Itr.9., = 1+ l_ Il_
l-

I\.
T+

l-

sin
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IoiiÀiBri = ãi, + r cov (crii, ÀiBri)
L

can be shown that

(b) IoåiriB:i = IIcov (a ji,riB3i) ].

Thus in (3.3.11b), 01 can be expressed âsr

1r
It,

l_

I-I

Icr)r6iBZi = IIcov (ari, ôiBZi) ],

I À i"t¡- )
r-

(oitÀ iBri) -

(3"3.19) 0l_ =

-|r r

We can express the macroparameters a2, 03 and the

macrodisturbance .t similarly using the above procedure.

Thus we obtain,

't-

ï oii

Ir*ri + rI cov (crii, ÀiBti cov (oii, 6iB2i)

+ cov (oåi, riB:i) l



(3"3.20) (a) oo = l"ot 
+ I[cov(oij,^ittj) * cov(oåi,6irzi)

+ cov (aåi,rif ¡i) l

(b) o1 = di, + llcov(oii,rterr) + cov(aii,6iBzi)

+ cov (oåi,urrBrr) I

(c) dz = ãå, + tIcov (oii, Àicri) * cov (oåi, ôicZi)

(d) d3 =

+ cov (of i,riC¡i) l

õå, + rIcov(oii,ÀiDri) * cov(oåi,ôivzit,)

+ cov(oåi,oiD3i) J

Irit * rIcov(oii,Àivfit) + cov(oåi,ôiveit)
I

+ cov(oåirriv:it) l

square brackets constitute the aggregationo

The. terms in the

bias.

(e) Et =

!,Ie must point out that in practice we do not have the

macroparameters (and macrodisturbances) --we have only their

estimates. In general, therefore, to obtaj-n the estimat,es of

these macroparameters (and macrodisturbances), we have to

add, the implied sampling error to each expression in equa-

tion (3"3.20) " The implied sampling errors are obtained' by

regressing the sum of the nicroresid.uals on the macrovari-
,o

ables.o' Of course we d.o not have the microparameters also.
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29r"" Chapter II, P. 15 equation (2,2.L4) and also
p" L7 second. paragraph fot the simple case considered in that
ãhapter. fn the case of more than one variable, see Boot and
pe iVitr op. cit., p. L2¡ T. Kloek, "Note on Convenient Matrix
Notations in Multivariate Statistical Analysis and' in the
Theory of Linear Aggregationr" International Economic Reviewt
vol. 2o No. 3 (sepÉãmber , Lg6r)



These are assumeo to coincide with their least squares

estimates.

To conclude this chapterr wê have considered the

conceptual and statistical models and problems associated

with the estimatíon of wheat and barley acreage response

models. The discussion was in terms of a single conmrodity

called "grains". We also briefly reviewed the more conìmon

econometric problems associated with the estimation of

quantitative rel-ationships among variables. We have also

considered the methodology fo,r the calculation of aggrega-

tion bias in the estj-mated macroparameters where the macro-

varÍabIes are weighted averages of the corresponding micro-

variables. The results of the estimation of the relation-

ships form the subject of Chapter IV. In Chapter V, aggre-

gation bias and the implied sampling errors of the esÈimated

macroparameters are calculated. along the Iines considered in

this chapter. Also considered in Chapter V are the explana-

tory powers, and the forecasting abilities of the aggregate

and the disaggregat.e models mentioned in Chapter I.
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THE ESTT¡,IATED ACREAGE RESPONSE FUNCTIONS

FOR WHEAT ANÐ BARLEY

TNTRODUCTION

Several wheat and barley equations were esti-

mated for the macrounit (Canadian Prairies) ¡ and because

each of these equations was not used for the stated objec-

tives of Èhis study, it was necessary to select among them.

Thus one of the purposes of this chapter is to present and.

discuss the several macroequations which were estimated in

this study for wheat and barley. This is done to show how

the equations which were selected for further study stand

in relation to other estimated macroequations. To the best

knowledge of this author, there have been no functions fitted

for barley in the Canadian Prairies. This provid,es the

second justification for this chapter. The chapter also

consid,ers the variables which were used in the statistical

estimations in this st,udY

In Chapter V we calculate the components of the

macroparameters (and macrodisturbances) of the selected

v¡heat equations. This is done in order to provide informa-

tion about the nature of these macroparameters (and' disturb-

ances) , The qu,estions of the explanatory powers and the

forecasting abilíties of the aggregate and the disaggregate
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wheat and barley models are also taken

chapter "

DESCRIPTION OF THE VARIABLES
IN Tt{E ESTII"TATION OF THE

RESPONSE EQUATIONS

Iniheat and Barley Price Variables

announces the initial- prices to be paid for the different

grades of wheat to be delivered to the licensed elevators.

Before a prod.ucer can delíver his wheat to any licensed

elevator, he must obtain a d.elivery permit book from the

Board. However, when and how much wheat may be delivered by

the individual producer is determined by a system of delivery

quotas. Wheat farmers deliver most of their grain to the

Board through these quotas. The remaind.er of their crop is

either carried over on the farmr or used as feed on the farm,

or sold to other farmers. The Wheat Board pays farmers in

two installments; an initial payment at the time the grain

is delivered to the elevator and subsequently a final pay-

ment.l The latter payment is usually not available to

pr:oducers until about eighteen months from the harvest

period.

The problem posed to supply response analysis by

tiris charac.;teristic of wheat marketing is t.hat when

Each year the Canadian Wheat Board (C.ü1.8. )

up in the next

CONSIDERED
ACREAGE
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Ir'
made by the

certain years
C.W.B. prior

interim payments have also been
to the final payment being made.



a¿

intentions for the season in year t are formulated, farmers

are not aware of the wheat price obtained for year t-1.

Since price lagged one year is unknown it is, there-

fore, not a relevant variable in naking decisions on how

much acreage to seed in the current year. It follows from

this that expected "normal" price for the year in which

wheat is planted, is not the relevant variable on the basis

of which acreage decisions for that year are made " This is

because farmers have no additional inforn.ation on the basis

of which to revise their previous expectations at the time

when they make their acreage decisions. Tt has been

suggested that in a situation such as this, the expected

"normal" price lagged one year rather than the current

expected "normal" price is the relevant varial:le.2 This

hypothesis provides the basis for introducing wheat price

with a two year lag ínto the wheat equatio.r".3

When faced. with the same situation, Schmitz4

suggested that while the total payments for the previous

year's crop may not be available to the farmers at seeding,

farmers are able to calculate final prices on the basis of

the initial- payments. This hypothesis is also incorporated

i.n this study for comparison. Another price series which

has also been suggested is the March average of the Wheat

2Nerlove, The Dynamics of Supplyr op. cit., p. 2L2

3s". p. 79.

4r"h*itrr op. cit., p. TT2.



Board International tr7heat Agreement price for Number 2

Northern Wheat at Thunder Bay. It has been suggested that

this price is correlated with the Wheat Boardrs price

expected by f-rmers.5 This suggestion is also incorporated.

in this study for comparison with the other hypotheses.

The above remarks on wheat marketing also apply to

barley. Accordingly, time lags of one and two periods were

experimented with in connection with barley prices. The

price series used for ba.rley, however, is the estimated

average farm price for barley. This series is used instead

of the C.W.B. final payment for barley. The reason for this
'is that the bulk of the barley produced on the Prairies is

not delivered to the C.W.B., but it is disposed of in

various other tu.y=.6 A considerable quantity of barley is

sold by one farrner to another and to feed.l-ot operators within

the same province on a non-quota basis. Al-so since 1960,

individ.ual grain producers have been permitted to deliver

non-quota barley to feedmills which have been designated as

non-guota mills by the Canadian Wheat Board. Prices received.

for these non-quota barley sales are generally lower than

those set by the C.i.i.B,, and this is especially so during
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5*. E. Cape1, "Pred.icting Wheat Acreage in the
Prairie i--rovinces, " Canadian Journal of Agricul-tura1
Economics, Vol" XVI¡

6_."This statemcnl :-s made strictly on the basis of
inform.at.icn prior to tire L969-70 crop year.
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years of surpIus.7 The aggregate Prairie price of barley

was obtained as a weighted averag'e of the barley prices for

each of the three Provinces, the weighLs being the propor-

tion of the total Prairie barley production accounted for by

each Province.

Prices of Competing Commodities

In the theoretical model discussed in Chapter III, a

variable was specified. to represent the prices of competing

commodities. In the Canadian Prairies, the major crop and

livestock enterprj-ses in addition to wheat are: oats,

barley, rapeseed, flax and beef. The prices of these

commodities were used in the wheat equations. fn taking

account of them in the wheat regression equations, the

prices of these competing commodities were either introduced

as ratios with wheat prices or they were introduced

separately. The prices of the competing commodities used in

the barley equatj-ons are those of wheat, oats, flax, rape-

seed and beef. These prices were introduced in the regres-

sion equations in the same way as for wheat.

Input Prices

AIso specified in the theoretical discussion was a

variable representing input prices. An index of prices of

inputs used by farmers was considered for inclusion in the

wheat and barley equations. As a result of the very high

TCanadian Agriculture in the Seventies, Report of the
Federal t mber, 1969) ,
p. 70"



correlation between this index and the trend variable

(mentioned later) , this index was om.itted from the analysis.

The remark by Schmitz on input prices in connection with

wheat acreagie response should, however, be noted:

inp,,i.' År:å:'ii:,:3:";"T$ii":åI.:"Tå:;:î *iî::'o?= 
an

machinery) coupled v¿ith relatively stable r,.¡heat prices
have expedited the increase in farm consolj-Cation in
order to take advantage of economies of size; this
reduction in farm numbers appears to have had little
effect on aggregate wheat acreage. The switch from
wheat to other crops sucir as barley and oats has not
been made since tþey require the same inputs as does
wheat production.9

Other Variables

In general, the greater the rainfall, the larger the

acreage seeded to wheat and barley. Hewever, rainfall may

also cause water-logging conditions in soils and this may

hind^er land preparation and seed.ing operations, and conse-

quently may restrict seeded acreages. !^íater-logging condi-

tions depend on the soil type and the amount of the rainfall-

beyond a certain critical Ievel. Ideally, therefore, to

take into account its water-logginE effect on seeded
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acreages, rainfall shoul-d be included in an acreage response

function in both its absolute amount and the amount of the

rainfall beyond a certain critical level. Because of the

difficulty of obtaining data on these critical- leve1s either

for each crop district or for the Prairies as a who1e, only

B_"For the period 1953-54 to 1968-69,
coefficient betv¡een these two variables vras

o'schmitzr op. cit., p. L20,

the correlation
0.9s.
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the absolute amount of rainfall was included in the regres-

sion equations in this study.

Stocks of wheat and barley were included at their
levels as on it'larch 31, of every year. A dummy variabl-e was

also specified for wheat stocks on the basis of the belief
that farmers respond differently to changes in wheat stocks

beyond a specified le,rel.10 The specified level used in
this study is the average level of wheat stocks in the five
year period preceding any particular year being considered.

Thus if the period ! is being considered, the dummy variable

takes the value l, if the level of stocks in t is greater

than the average level of wheat stocks in the five year

period preceding L, and 0 otherwise.

To account for the effect of improvements in tech-

nolog.y, a trend variable was includ.ed.. The trend variable

may also account for secular infLuences on seeded acreages

that are not explicitly taken account of by other variables,

such âsr the cumulative effect of decreased livestock,

forage, oats, and barley production on seeded wheat acreages,

and institutional factors operating in the Canadian Prairies.

units

A.t'
B.t

The variables included in the estimation and the

of measurement are:

10a ¿.i=.ussion of dumm.y variables is contained in
several textbooks on econornetrics. See for example Johnston,
op. cit", pp. 22L-228.

wheat acreage seeded at time t (1r000 acres),

barley acreage seeded at time t (1,000 acres),



At_l = wheat acreage seeded at time t-] (1,000 acres),

Bt_I = barley acreage seeded at time t-l (11000 acres),

P-- , = Canadian Wheat Board payrnents to farmers forw-I
Number 2 Northern VJheat in t-1 (dollars per

bushel),

P-, ^ = Canadian Wheat Board payments to farmers forw-¿

Number 2 Northern tr^fheat in L'2 (dollars per

bushel),

P¿ = Canadian Vüheat Board International lVheat Agreernent

average price for February, March, and. April for

Number 2 Northern Wheat at f,hunder Bay (dollqrs

per bushel),

PU_t = the estimated farm price for barley in t-I (dollars

per bushel),

PA_Z = the estimated farm price for barley in t-2 (d.ollars

per bushel),

Pt_t = the estimated farm price for flax in t-I (dollars

per bushel),

Pr-I = the estimated farm price for rapeseed in t-l
(doIlars per bushel),

P- - = the average beef price for April (dollars perô +

Pound) ,

Po_l = the estimated farm price for oats in t-1 (dollars

per bushel),

Smfa_, = summerfal-Iow acreage at time t-l (1,000 acres) ,

Mt = rainfall prior to seeding (six month average in

inches),
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time--a gross variable accounting for technologi-

cal, insÈitutional and unspecified secular influ-

ences on seeded acreagies,

the Prairie total stocks of wheat on farms on

March 31 (1r000 bushels),

the Prairie total stocks of barley on farms on

March 3l (1r000 bushels),

c
htrrË

sb, t

DS.
È = dummy variable for stocks. DSt t,akes the value 1

at time t if the level of stocks in t is greater

than the average level of stocks in the five year

period preceedi-ng t, and 0 otherwise.

In the following statistical presentation of Èhe

acreage response equations, both the multiple correlation

coef f icient, R2 , and the Durbin-watson (D. w. ) statistj-cs are

given. The former measures the power of all the regressors

ín explaining the values taken by the regressand. The latter

measures the degree of autocorrelation in the disturbances.

For each coefficient the standard error is bracketed. The

bracketed figure below the constant term is the standard

error of estimate, The leve1 of statistical significance is

also indicated for each coefficient. Thus a two-asterisk

superscript indicates that the regression coefficient is

sÈatistically significant at the one per cent' level of

confidence, a one-asterisk superscript indicates statistical

significance at the five per cent level and. "o"ind.ícates

significance at the ten per cent leve1 of confidence. No

other levels of sÈatistical significance are indicated. The
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presence of positive serial correlation is indicated by a

two-asterisk suPerscripÈ. One-asÈerisk ind'icaÈes an incon-

clusive test, and no superscript ind,icates the absence of

serial correlation among the calculated residuals. The test

for serial correlation is at the one per cent leve1 of con-

fidence.

RESULTS OF THE ESTIMATION OF THE
ACREAGE EQUATIONS FOR WHEAT

The wheat acreage response equations are presented

in Tables 4.1 and 4.2. Equations (4.1.I) to (4.1.11) in

Table 4.1 are based. on the traditional mod.eI, and equations

(4.1. ]^2) , to (4 . 1. 17 ) are based on Nerlovds g'eneral price

expecÈation mod.el, hereafter referred to as the distributed

lag model.Il These were discussed in Chapt'er III. The

dif ference between Tables 4.I and. 4.2 lies in t'he fact that

the wheat price variable in Table 4.1 has a lag of t'wo

periods while the corresponding variable in Tab1e 4.2 has a

lag of one period.

In Table 4.I, the coefficient of the price of wheat

is estimated, with the theoretically correct positive sign

throughout. The coefficient of stocks of wheat is estimated,

with the theoretically correct sign in all equations except

(4"1.10)" The coefficient of rainfall has a positive sign

in all equations in which ít is Present except equation

11_--sometimes "dynamic model" is used interchangeably
$/ith "distributed lag model" in this study. The results from
the Cobb Douglas funct,ions are not presented, because they
were not better than those from the functions linear in the
original variables.
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(4.1.1.7). Trend, summerfallow, and the ratio of wheat price

to flax price have positive coefficients in all equations in

which they are featured. Similarly, the dummy wheat stock

variable (DS) has the theoretically correct negative sign in
the only equation (4.1.4) in v¡hicir it is used. However, the

price of flax and the price of beef have the theoretically
\^/rong signs on their coef f icients, while the price of barley,

and price of oats have the theoretically ri-ght signs.

Generally the coeffj-cient of the lagged dependent variable

is positive; however, it has a negative sign in equation

(4"1.14). As can be seen from that equation, however, the

magnitude of the coefficient is very close to zero.

It can be seen that in general the price of wheat

shows significance at the 10 per cent leve1 or better in
every equation. This is also true of trend except in
equation (4.I"16) " The coefficient of stocks of wheat is
generally larger than its standard d.eviation, but it shows

statistical significance at the t0 per cent level or better
in only five equations. Similarly, the coefficient of

lagged wheat acreage is larger than its stand.ard deviation

in every equation, but it is significant at the I0 per cent

level or better in equations (4 "L.I2), (4.1.15) and (4.1.17)

on1y.

In general, tire magnitudes of the coefficients are

larger in the static models than in the distributed 1ag

models " Serj-a1 correlation in the residuals generally does

not seem to be a problem in these estimations, and. the



Durbin Watson

equations (4.1

inconclusive.

Alternative Ways of Incorporating

test shows

"2) and (4

Of the three different ways previously discussed of

taking the price of wheat into account in the rvheat acreage

response functions, Pw_2 seems to be the most adequate from

the statistical point of view. Equations in which pw_1 are

used are shown in Table 4.2. Several difficulties arise
when P_- , is used. One difficulty is the frequency of thew--L

theoretically wrong sign on some coefficients. Thus in one

or more equations theoretically wrong signs are obtained for
the coefficients of the foll-owing variables: wheat stocks

on farms, flax price in t-f, summerfallow acreage, the ratio
of wheat price in t-l to f lax price in t-1, the dur'ray vari-
able, rainfaIl, and the lagged wheat acreage. Equations in
which the C.W.B. International Agreement prices (averages

for February, March and April) were used, generally turned

no serial correlation e>:cept in
.1.11) for which the tests are

75

out poorer than those with Pw_I.

been tabulated in this study.

The Distributed Lag Hypothesis

The distributed lag hypothesis is that the value of

the coefficient of expectation, ß, is constrained as

follows: l- > ß > 0. As can be seen from equation (3.I.9)

the coefficient of the lagged dependent variable (oe ) is

1 ß. If the value of aZ is 0, then the value of ß is 1 
"

These equations have not
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A value of 1 for ß implies that the expected "normaI" price
for t is the price obLained last year. Ifr on the other

hand, the value of o2 is I, then the value of ß is 0 implying

that only one "normal" price is expected every time. Being

constant, therefore, the expected "normalt' price does not

affect acreag'e decisions. Thus to provide support for the

distributed lag hypothesis, the value of ß must be signifi-
cantly different from both 0 and t.

In all the equations containing pw_2 (fable 4.1),
the coefficients of the lagged dependent variable Iexcept in
(4.I.14) ] are larger than their standard deviations, but in
onry three of the six equations in which the lagged dependent

variable is present are these coefficients significantly
different from 0 at the I0 per cent 1evel of confidence or

better. These three coefficients are also significantly
different from I at least at the 10 per cent 1evel of confi-
dence "

In the equations with Pw_l, however, most of the

coefficients of the lagged dependent varial¡Ie are signifi-
cantly different from both 0 and 1 at the one per cent level
of confidence.

The tendency

dependent variable to

usedo is proh:ably due

between Pw_2 and the

12rh"
Pw-2 is 0.78.
and Aa_, is 0 "

of the coefficient. of the lagged

fail to show significance when Pw_2 is

to the relatively high intercorrelation

Iagged dependent variable, A*-..12 Ast-L

correl-ation coef f icient, T ,
The correlation coefficient

70.

between At-I and
t ît between Pw_l



was mentioned in chapter rrr, very high intercorrelation
among variables increases the size of the standard deviations
relative to the coefficients. The conseguence of this is that
the coefficients may fail- to reach significance.

The R2's tend to be rarger for the distributed rag
models than for the static m.odels. Thus it can be concluded.

that the distributed lag models have a higher explanatory
value than the static model-s. However, cauti-on must be

exercised when interpreting this statistic. For as pointed
out by Brandowl3 

^rq Griliche =,L4 if economic variables have

a high degree of inertia, lagging the dependent variable and

usiirg it as a regressor will automatically give high R2.

The Durbin h'atson test shows that autocorrelation in
the residual-s in the distrj-buted. lag mod.els is weaker than
in the static model-s. This is particularly so with the
equations in which Pw_l is used. rt should be pointed out,
however, that the Durbin watson test becomes a weak one when

we have the lagged endogenous variable as a regressor. For

as pointed out by Gril-iche=,15 the lagged dependent variable
may be removing the serial correlatj-on in the residuals for

77

l-3_--ceorge E.
of Supply Elasticity
1958 ) , pp. 7L9-722 "

'ta' 'Zví Griliches , "The Demand f or Fertil-i zer : An
Economic rnterpretation of a Technical- change, " Journal of
Farm Economics, XL (August, l95B), pp. 59I-OOO.

15zrri Griliches, ,,A Note on Serial Correlation Biasin Estimates of Distributecl Lag," Econometrica, XXIX(January, l-9 61) , pp . 65-7 3 .

Brandow, "A Note on
, " Journal of Farm

the Nerlove
Economics, XL

Estim.ate
(August,



the wrong reasons. If this is the

autocorrelation among the residuals

for the adequacy of the distributed
might otherv¿ise be led to conclude.

Economic Interpretation

The interpretation of the estimated acreage equations

is made with reference to equations (4.1.3) and (4.1.12) in
Table 4.I; the former is the traditional model while the

latter ís the distributed 1ag model. These two equations

are chosen because the signs on all their coefficients are

consistent with a priori expectations about them, also their

coefficients are statistically significant, and they have

relatively high explanatory power.

With regard to equation (4.1.3), a 10 cent change in
farm price in L-2 results in a 1.315 million acres change in

the same direction in the seedecl acreagie at time t. Simi-

larly, seeded wheat acreage will change by 0.590 million
acres in the opposite direction as a result of a 100 million
bushels change in stocks; the time variable (Tt) indicates

that seeoed wheat acreage increases by 0.336 million acres

each year, while for each one inch change in the six month

average rainfall (Mt) the seeded wheat acreage changes by

5.441 million acres in the same direction. These changes

assume that alL other variables remain constant.

The model underlying equation (4.1.f2) in Table

(4.1) is:

78

case then, the lack of

does not provide support

lag hypothesis as we



and

P$_r = P*-z + ß(P*-e P,Í_z)

It can be shown that these above two equations lead. to

A. =q, +e-P*- +q^S +q^T. +U.t o r w-I ¿ wrE J f È

(4.2"0)

(1-g)o3Tt-1 * o2s*rÈ * o3Tt * vt

!,Ihere Va is as defíned. in (3.1.10 ).16 By reference to

equation (4.2.0) it can be seen that in equation (4.1.12) in

Table 4.L, the constant term is aoß, the coefficient of nt_Z

is otÊ and. the coefficient of At-l is I-ß. The value obtained

for Èhe coefficient of nt-Z is 9.356 million. The value

obtained for the coefficient of the lagged, dependent variable

is 0.3018. This implies that ß - 0.6982. Therefore, ol is

13.400 million which indicates that a 10 cent change in the

expected farm price for wheat will change the aggregate seeded

wheat acreage by 1.350 million acres in the same direction.

The coefficient for stocks of wheat., aZ, is 4,460 which

ind,icates that a 100 million bushels change in wheat stocks

will change the aggregate seeded. wheat acreage by 0.446

million acres, in the opposite d.irection. The coefficient of

the trend variable, c3, i-ndicates that seeded. acreage

79

16Þ̂ , r and T+-1 were excluded in (4.I.f2) because
of the veryt¿IõÉ interðoirelation between these variables and,
some of the variables included in (4.1.L2) " Generally these
eorrelations were greater than 0.8 and their inclusion
resulted in the coefficients of P-- ^ and' S-- - having the
theoretically wrong signs. w-¿ v/rË



increases by 0.250 million acres yearly.

In the model of adaptive expectations, the expected.

"normal" price is a weighted average of past prices with the

weights o.eclining from recent to less recent periods. The

sum of the weights over the first t observed past prices is,
!st = r - (1 ß)"

which can be made as close to one as we may please by making

t large ..rorlgh.17 S- depends on the size of the coefficientt
of expectati-on (ß); for a value of ß cl-ose to one only

relatively few past prices j-nfluence the acreage seeded

through their effect on the expected "rrormal" price. The

number of years which need to be taken into account so that

the sum of the weights differs from I by 0.05 is two to

three years. Thus the effects of a particular price change

can be expected. to last for a period of two to three years

due to its (declining) influence on the expected "normal"

price.

80

The barley acreage response equations are presented

in Tab1es 4.3 and 4.4. Equations (4.2.L) to (4.2.6) in

Table 4"3 are based on the traditional (static) mode1, while

equations (4.2.7) to (4.2.11) in the same table are based on

the distributed 1ag model. The difference between Tables

4"3 and 4.4 lies in the length of the lag of the barley

RESULTS OF THE ESTIMATTON OF THE
ACREAGE EQUATIONS FOR BARLEY

17N"rlorr*, op. cit. , p. 187.
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price variable used.

coefficient for barley price has the theoretically \^/rong

sign in all the equations. Stocks of wheat have a positive

coefficient in every equation in which they are used, indi-
cating that as wheat stocks on the farm increase, farmers

increase their barley acreages. The ratio of the stocks of
wheat to the stocks of barley was introd.uced as a regressor

in two of the equations but it has the theoretically wrongi

sign on its coefficient in one of these equations. oats and

flax prices are also introduced in some of the equations

(sometimes as ratio with barley prices). The signs of the

coefficients obtained are often not consistent with the

theoretically expected ones. On the other hand the trend

variable has a consistentty negative sign in every equation

in which it is used.. This indicates that changes in tech-

nology, institutional factors and other secular factors are

having a consistently decreasing influence on seeded barley
1Bacreage"*" Similarly, the coefficient of the lagged

dependent variabre is consistently positive in every equati-on

in which it is used.

In the static model in Table 4.3, the estimated
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lBth" operations of the Canadian Wheat Boarcl encour-
age wheat production, ât the expense of feed grains such as
barley. Whil-e this statement may not be true for a1I periods
of time , for example, it does not appfy to the period after
the L969 crop year, it is certainly true for the period
considered in this study. See the Report of the Federal
Task Force on Agriculture, Canadian Agriculture in the
Seventies, op. cit., Chapte
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The coefficient of stocks of v,¡heat on farms is signi-
ficant at the five per cent level of confidence or better in
every equation except in (4.2.8). This is al_so true of the

coefficients of trend and the lagged dependent variable,
B- 1. The latter, however, is not significant at the 10 pert-l_

cent level in (4"2"10). The other variables which are used

in addition to these basic variabl-es (and sometimes as sub-

stitutes for them) generally fail t^o reach significance at
the 10 per cent leve1 of confidence. In a number of

instances, the coefficients of barley price are significant
at the 10 per cent level of confidence or better even though

generally they have the theoretically wrongi si-gns.

The Durbin Watson test is generally inconclusive for
the static models. In one case (equation (4.2.5), there is
definite evidence of positi-ve serial correlation in the

residuals.

The Distributed Lag Hypothesis

When considering the distributed lag as a rnaintained

hypothesis, reference will be made to equation (4.2.7) only.

This equation is chosen because on the basis of explanatory

power and significance of its coefficients, it is better
than all the other equations. The signs of all the coeffi-
cients of that equation are as theoretically expected. The

static equivalent of equation (4.2.7) is equation (4.2.1).

The coefficient of the lagged dependent variable,
Bt_t, is significantty different from zero and one, each at



the one per cent leve1 of significance. This lends strong

support for the use of a distributed lag hypothesis in the

barley stucly.

The distributed 1ag model has a higher R2 than the

static model, incticating that it has a higher explanatory

power than the static model. Flovrever, it has been mentioned.

that the high R2's obtained for Lhe distributed lag nrodels

may be due to some other 
"rr.r=". 

19

The coefficient of PO_, has the theoretically correct

sign in the distributed lag model. This contrasts with the

negative sign in the static model. It was mentioned in
Chapter III that omitted relevant variables may introduce

bias in the coefficients of variables which are retained in
an equation. This bias may sometimes lead to theoretically
wrong signs in the retained coefficients. This fact may

partly account for the negative sign on the coefficients of

Pb=I (and Pø_Z) in the static model (which does not includ,e

Bt-t) 
"

Economic fnterpretation

86

The economic interpretation of the estimated barley

equations is made with reference to equation (4.2.7) in
ilabie (4"3) again. As explained fof equation (4.1.12) for
wheat¡ we mây, similarly, represent the coefficient of

barley price laggecl one period by o1ß, and the coefficient

I9r". footnotes l-3 and 14 on p, i7.



of the lagged dependent variable by 1-ß. The value obtained

for 1-ß is 0.5019, hence ß = 0"4981. The value obtained for

o.,ß is 0.076 million implying that G1 = 0.I53 million. ThisI-L

indicates that a dorlar change in barley price wirl result in
a change of 0.I53 million acres in barley acreage in the

same direction. The coefficient of wheat stocks indicates
that a 100 mill-ion bushels change in wheat stocks will change

seeded barley acreage by 0.728 mil-Iion acres in the same

direction. The coefficient of treno indicates that seedeo

barley acreage decreases yearly by 0.139 m_iIlion acres. AI1

these chanEes assume that there are no changes in other

variables in the equation.

To summarize, economic theory stresses the role of

prices in deterr.rining supply response. The results from

this stud.y suggest that for barley, prices as specified in

this analysis, are almost irrelevant in the explanation of

the aggregate Canadian Prairie barley acreagie. Perha.ps one

reason why statistically poor results are generally assocj--

ated with the price variables in the barley equatj-ons, is

the fact that the relevant prices may not have been
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correctly identified. However, while the appropriateness of

the prj-ce variables used in the analysis may be open to

20Sirr." I-ß = .5019, the coefficient of expectation,
ß - .4981. As explained in connection with wheat, this means
that the number of years which need to be taken into account
so that the sum of the weights differed from I by 0.05 is
four to five years. That is, the effects of a particular
price change can be expected to last for a period of four to
five years.
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question, the result that barley producers are unresponsive

to barley prices may not be altogether surprising, if in
fact canadian Prairie grain farmers regard barley (and other
feed grains) as a residualr âs has sometimes been suggested.

That is, grain farmers may make t.heir decisions on how much

wheat to produce before they allocate the rest of the l-and

to other grains on the basis of their on-the-farm feed

requirements and their expectatj-ons regarding opportunities
for marketi.,g.21

while farm prices received for barley appear to be

irrerevant in determi-ni-ng barley acreage, stocks of wheat

appear to be quite relevant in explaining the aggregate

barley acreag'e. As already mentioned in this chapter, the

coefficient of stocks of wheat is generarly significant at
the five per cent level of confidence or better in every

equation in Table 4.3. During the perioo investigated in
this study, year to year fluctuations of the order of r0o

million bushels were conmon in stocks of rvheat, and, these

fluctuations alone could account for about 75 per cenL of
the yearly changes in the aggregate barrey acreage in the

Canadian Prairies"

In contrast to barley, the results of this study

suggest that grain producers are responsive to wheat price
changes. As previously inci:tioned also in this chapter, the

coefficient of wheat price is estinated in this study with

2r-scnmatz r oP cit. , p. 119 .
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the theoretically correct sign and is generally significant
at the five per cent level of confidence or better. But the

prices of oats and barrey appear to be irrelevant in explain-
ing the aggregate canadian Prairie wheat acreage. A possible

reason for this situation \¡/as given above. Similarly, the

farm prices received. for flax do not appear to be important

in explaining the aggregate wheat acreage seeded in Lhe

canadian Prairies. This statement is made on the basis of
the frequency of the theoretically wrong signs on the

coefficient of the flax price variable when it. is incruded

in an equation, and its inability to show statisticar signi-
ficance.

On the other hand, rai-nfalI as a proxy for soil
moisture, and trend as a gross variabl-e accounting for the

influences of technology, and institutional and secul-ar

factorsr ârê quite rel-evant in explaining the aggregate

Prairie wheat acreage.



This chapter is divided into three parts " part I
investigates the nature of th; estirnated macroparameters

(and d.isturbances) of the Canadian wheat acreage response

functions. Part Il compares the explanatory and. predictive
powers of aggregate anct disaggregate wheat and barley

acreagie response models, to see if there is any gain in
disaggregation. lvlacroparameters may be used as ingredients

in policy formulation. These parameters are decomposed to

gain some knowledge about their nature. Tn Part III the

results obtained are compared with the results of other

similar studies in aggregati-on.

THE NATURT] OF ESTIIV1ATED MACROPARÄIVIETERS
AND THE EXPLAN¡'TORY AI'ID PREDICTIVE

POWERS OF AGGREGATE AND D]SAGGREGATE
ACREAGE SUPPLY RESPONSE I.IODELS

CHAPTER V

The microunits used in the wheat study are 42 crop

districts comprising the L4 crop districts in Manitoba, the

20 in Saskatchewan and the eight in Alberta. In an attempt

to l-imit the' size of the study, it was decided to use a

smal-Ier number of divisions in the case of barley. A result

of this was the arbitrary decision to consid.er all Saskat-

chewan as one region only. Thus for barley, the Prairies

were assumed to be divioed into only 23 regions including

the 14 crop districts in Manitoba, and the eight crop

districts in Alberta.

90



The composition of the estimated macroparameters

and disturbances is discussed in this part of Chapter V.

The discussion is, however, confined. to the static and the

distributed Iag wheat acreage response moders. There are

three sections. In the first section r we consider the

equations on which the cal-curat.ion of the components of the

extimated macroparameters is based. The second section

THE NATURE OF THE ESTTMATED I'¡,ACROPARAIUETERS

PART I

presents the numerical results. rn the third sectionr \dê

examine the temporar structure of tire estimated macropara-

meters.

Equations lrleeded for
the Components of the Estimated
Macroparameters

The nature of the estimated macropararneters are

investigated for two of the estimated macroequations. One

static and one distributed. lag wheat acreage response model

are used for this purpose. The equations utilised are

(4.1.3) and (4"I.L2) in Tab1e 4.1. Taking the static model

first, equaLion (4.1.3) may be considered in the context of

the following set of relations;1
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the Calcul-atíon of

(s.1. r)

1*The purpose of considering this set of relationships
is to be able to calculate the values of the components of
the macroparameters of the aggregate equation (5.1.3).

* o4iTt * tit



\.ihere: i = L,2...., I (I = 42 and represents the total
number of microunits (crop districts) used in
the wheat study).

Defining

(s. 1.2 ) (a) Ar = l or.
1

(b) s*.r= I sw,it
YYr9 

i

we can write the macroequation âs r

(5.1.3) At = oo + olPw_2 + o2Srrt * o3Mt + onT, * rt

The variables appearing in equation (5.1.3) were

defined in the previous chapter as follows:

At = wheat acreage seeded at tim.e t,
Pw_2 = the Canadian Wheat Board payments to farmers

for Number 2 Norther Vlheat in l-2,
S- , ã the Prairie total stocks of wheat on farms onW¡tr

Itlarch 31, of year t,

Mt = rainfall príor to seeding (six month average),

and.

Tt = time--a gross variable accounting for tech-

nological, institutional and unspecified

secular influences on seeded wheat and barley

acreages.

(c) Mr=lÀi*i.
I
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The variable= At, S*rt and Ma are formed by the aggregation

process defined. in equation (5.1"2), while the variable= Tt



and P-_ . are the same for the microequations\ìI- ¿

equations. The subscript i has been used to

variah¡l-es which refer to the crop districts.

Of the other symbols in the above set

Goi, oli, oZí, o3i and d4i are microparameters. The corres-

ponding rTlacroparameters are oo, ol, o2, d3, and o4 while Ài

is the weight used in constructing the aggregate rainfall
^variable l'1a." rn constructing the aggregate rainfa.'l-1 vari-

able, the weight attached to each microunit's rainfall, is

the ratio of that microunitrs average wheat acreage for the

period considered in this study, to the Prairie average

wheat acreage for the sane period, while rit and ea are

microdisturbance and macrod.isturbance, respectively.
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and thc macro-

indicate

The stock and the price of wheat variables call for

further corp¡nent. Data are not available for stocks of wheat

on farms at the crop district level. Data on stocks of

wheat on farms, however, are available for each of the three

Provinces. Since the total stock of wheat on farms for each

Province is, on the average, proportional to the seeded

acreage in each Province, in the al¡sence of any better

information, it was necessary to assume that this proportion-

ality also apply to each microunit.3 This assumption was

of equations,

2th" weight used for each crop district is as shown
in Table A. B (b' ) .

3prairie average wheat acreage for the period used. in
this study is 25.097 million. The corresponding figures for
Iu1anítoba, Saskatchewan and Alberta are 2.798 million, 16,47l-
million, and 5"828 million, respectively. Expressed as a
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used to obtain the time series on stocl-.: of wheat for each

crop d.ístrict. Prices, however, were assumed to be the

same for all the microunits. In practice, tirere are

differences in the farm price received for wheat in the

different crop districts. These differences, which arise

from differences in transportation charges have not been

taken into consid,eration in this study. Iiowever, since

g::ain transportation costs did not change during the period

of analysis, the use of one price for all regions would have

no effect on the results.

Equation (4.1.3) is now represented as equation

(5.1.3) in the above set of equations. It is a macromodel

in the sense that it involves variables which have been

aggregated over microunits. Equation (5.1.f) is the micro-

relation of the i-th unit.

ponents

Iet us

(5.1.4 )

In order to facilitate the calculation of

of the macroparameters in the static wheat

consider the following auxiliary equations.

proportion of the Prairie figure, these are .1115 ' .6564,
and. .232L, respectively.

The Prairie average stocks of wheat for the same
period is 383.468 million bushel-s. The corresponding
figures for l4anitoba, Saskatchewan and Alberta are 35.593
mil-tion, 260 "250 mill-ion, and 87.625 million, respectively.
Expressed as a proportion of the Prairies figure for stocks
these are "0928, .6787 and .2285, respectively.

 Au*iliary equations were discussed in Chapter II,
p. 18.

s = r-, + B-.P ^ + C-,S + D-.1U.w, l_ts Ir IL \ñ- ¿ Ia w, t IL t,

+ EliTt * vrit

the com-

mode1,
4



(5.1"s)

\,rhere fli, l2i,"li, B2í,Cli, C2í, O1i, D2í,"ti and Er.

are parameters in the auxiliary regressions, -rd Vlit and

VZit are residuals. All the variables appearing in equations

(5.I.4) anC (5.f"5) are as previously defined.

From the above set of equations (i.e., (5.1.1)

through (5.f.5)) we can express the macroparameters of

equation (4 . f. 3 ) as follows :

Ilit = lzi + BzrP*-2 + c2isr,L t D2ilft

+ EziTt * vzit

(5 .I.6 ) (a)

(b)

(c)

(d)

'(e)

(f)

Where:

(5.1.6a) (i)

oo=

Gr=

u2

Iooi
l-

I ori
L

02i
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+ II cov (ori, frl) + cov (o,'3i, ÀifZl) ]

+ IIcov (ari, Bf i) + cov (oåi, f iBZi) ]

+ IIcov(cr21,Cr1) + cov(oåi,ÀlCZl) ]

cx^
J

-. to3i

CL, =
+

"t

+ rI cov (a2i, Df i) + cov (oåi, ÀiDZi)

F)rY,,+"'4L
I

I'it
l-

+ IIcov(cxr1,Efi) + cov(oåi,ÀiEZi) ]

+ IIcov (o21,Vtit) * cov (cråi, ÀiVZit) ]

-'¿L

(ii) oåi =

1I
T/-

l-

03i
I.,.I

tr
iL

a
(iii)

u2L

t_03i ^, I*3i



The derivation of the rel-ationships in equation (5.I.6)

follow the lines considered in Chapter IfI, pp. 53-58. hIe

have refrained from repeating the derivation here.

As was mentioned in Chapter IIf, howeverr we do not

have Lhe macroparameters in the set of equations (5.1.6).

fn considering the estimates of these macroparameLers, there-

fore r wê have to add the implied sampling error to the right

hand side of each of the expressions in the set of equations

(5.1.6). Of course we do not have the microparameters also.

These are assumed. to coincide with their estimates.5

For the distributed lag model (i.e., equation

(4.1. 1-2) ) , the microequations are,

(5'r'7) Ait = ooi + or-iPr-2 * oziswrit + o3iTt

+ o4i'\it-r * tit

where, i = I,2,....,I (I=42 and represents the total number

of crop districts used in the wheat study),
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Defining

(5.1.8) (a) At

(b) ,*, a

(c) Ar_r

f
Li

t
Li

the macroequation a

are,

4..r-t

e
w, l-t

(s"r.e)

)ALi

nd

p. 58.

ir-I

the corresponding auxiliary equations

5_-Implied sampling error was defined in Chapter III,

A,=crt'o + crPw-2 + a2s*,L + o3Tt + o4At-r- * tt



(5.1.r0)

(s.r.11)

sw,it = fri + BliP*-2 + crisw,t + DtiTt

Equation (4.1.12) is now represented as equation (5.f.9).

All symbols are as previously indicated. Equations (5.1.7)

through (5.1.11) Iead to a representation of the macro-

parameters of the dynamic model (equation 4.1.12) as follows;

Ait-t = lzi + BziPw-z + c2isw,t * D2iTt

ËtiAt-t * vtit

(5"f "12) (a) oo = Iooi + I[cov(or1,f 11) + cov(crni,f 2i)]
l-

* E2iAt-t * v2it

(b) crr
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(c) o"z =

(d) 03 =

r
À 

0t:_
l_

+ IIcov(cr21,ufi) + cov(a4i,BZi)]

d2í + IIcov(orl,Cfi)

(e) cl,
Lt

(f) er

where,

(5"r.13)

I"ri +
I

= ãn, + rIcov (a2i,"ti)

IIcov (u2i,Cfi)

Once again, in considering the

meters in the set of equations

imptied sampling error to each

right hand side of that set of

îI i-t
a

+ cov(o4!,C2i)l

+ cov (on1,oZi) l

+ cov (o4i,tZi) l

04i

+ rIcov(a2i',utit) * cov(o4r,Y2it) ]

I=-I
I
\"

L aqi
I

estimates of the macropara-

(5.I.L2) , we should add the

of the expressions on the

equations.



Numerical- Results

resulLs for the static wheat model (i.e., equation (4.1.3) )

and the dynamic wheat model (i.e., equation (4.1"12) ). The

correspond.ing microequations and the auxiliary equations are

presented in the appendix to this study, the forr¡.er as Tables

A,.1 and A..2 and the latter as Tables A.B and 4.9. The

equations (4 . 1. 3 ) and (4 .1. 12 ) f or v¡hose macroparameters

aggregat.ion bias are calculated were presented in Tables

4 .I and 4.2.

Tables 5. I and 5 "2

Before presenting the results, however, some terms

which are used in connection with aggregation theory and

which are also used in this chapter should be explained.

Each expression in the sqr.lare brackets in the set of' equa-

tions (5.1.6) is the aggregation bias. This was mentioned

in chapter II " The aggregation bias has two components.

Where one of these components is a function of micropara-

meters which have the same economic meaning as the macropara-

meter being considerecr, this component of the aggregation

bias is called the bias due to "correspond.ing parameters"

otherwise, the bias is due to "non-corresponding parametersr"

Thus with respect to the macroconstant, oo, in (5.1.6) the

total aggregation bias is d.ue to non-corresponding parameters

only, while in the case of o2 in the same equation, part of

'Llre total bias, namely, I cov(o2í,Cr1), is due to corres-

ponding parameters. This d.istinction between the components

of the total aggregation bias is made in this study, in

respectively, specify the

9B
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d.escribing the components of the estimated macrc¡rarameters,

so as to give an idea of the influence of non-corresponding

parameters on the magnitudes of the estimated macroparameters.

As was mentioned in Chapter II, the aggregation bias is

defined as the discrepancy between the macroparanteter and

the Sum (or average) of the corresponoing microparameters.

This sum or average is referred to as the "true value" of

the macroparameter.

From Table 5. I

1. The aggregation bias due the correspond.ing para-

meters is larger in magnitude than the bias due to the non-

corresponding parameters in each of the cases where these

components of the aggregation bias exist Logether.

2, The magnitude of the total aggregation bias is

smal-I by comparison with the estimated macroparameters for

each of the following variables: wheat price, stocks of

wheat, rainfall, and trend. Expressed as percentages of the

estimateo macroparameters, these are 3.2,1.0, 0.I, and 8.3

per cent, respectively" On the other hand, the magnitude of

the aggregation bias in the constant is quite considerable.

The corresponding percentage is 26.0,

3. The magnitude of the imptied sampling error is

small by comparison with the estimated macroparameters of

the price of wheat ancl the trend variables, but is quite

consid.erable for t.he constant term, stocks of wheat and

the fol-lowing poinLs n,ay be noLed:

rainfall

4" The true value of the macroparameter is a large



Aggregation Bias and Implied Sampling Errors of the
Least Squares Macroparameters of the Static Wheat

Acreage Response trquation, (Equation (4. I.3) ,
1953-s4--1968-69r

Constant Term

TABLE 5.1

I ooi-
l-

Aggregation Bias (total) 2

42 cov(cxZi,f ti)

42 cov(eåi,ÀifZi)

Implied Sampling Error

Estimated Ì{acroparameter

Coefficient of Price of

100

Wheat Laqged Two Periods

I "ril_

Aggregation Bias (total) 2

42 cov ( dZi, 
"f i 

)

42 cov (oåi, ÀiBZi)

Implied Sampling Error

Estimated l4acroparameter

-111. 9 B

-555.48

7 5r.24

-667 .46

Coefficient of Stocks of Wheat

ãr,
Aggregation Bias (total) 2

42 cov ( aZí, Cfi)

-259r .67

-2566 ,45

-23.58

451. B4

12,57 4.68

428.26

-5 "99

13,152 .11

-0 " 000370

-0.003168

-0 " 000056



Table 5.1

42 cov (såi, ÀiCZi)

Implied SamPling Error

Estimated MacroParameter

(Continued)

Coefficient of Rainfall

oåi

Aggregation Bias (tottt) 2

42 cov (cx, Zi , Dti )

42 cov(qåi,ÀiDZi)

Implied SamPling Error

Estimated l,{acroparameter

Coefficient of Trend

0.000314

Aggregation Bias (tot.t) 2

42 cov (or1, uf i)
42 cov(oå¡_,ÀiEZi)

Implied SamPling Error

Estimated MacroPararneter
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Ii
o4i

-0 . 0 02629

-0.00s90r

0. 86

-4.34

lrh"r" are some díscrepancies (due to rounding of
figures) betrr,een the d.irectly estimated. macropararneters on

the one hanci, and the sun (oi average) of the correspond'ing
microparameters, plus the aggregatión bias, plus the. implied
sampling error. ht're followíÁg ãre tire order of magnitud'e of
the- disórepancies for the various macroparameters:

1262 .40

-3.48

4077.9

5440.8

Constant
Coefficient of
Coefficient of
Coefficient of
Coefficient of

-6. rr4

"2r.968

320.086

-28 ^082

price of wheat
stocks of wheat
rainfall
trend

4L.L26

335.641

2 "2 per cent
I. I per cent
0. B per cent
1.9 per cent
0.7 per cenL



Table 5.1

2_.-The figure 42 represents the
districts used. The components of the
(tota1) are as specified in the set of

(continued)

total- nurnber of crop
aggregation bias
equations (5 .1.6 ) .
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Aggregation Bias and Implied Sarnpling
Least Squares l4acropararneters of the

Acreage Response Equation, (Equation
19 5 3-5 4 -- I 968-69 L

Constant Term
r^,4*oi
a

Aggregation Bias (total)

42 cov(cx,Zi,f ti)
42 cov(cr4irfZi)

Implied Sampling Error

Estimated Macroparameter

TABLE 5.2

Coefficient of Price of

Errors of the
Dynamic hiheat
(4"r.L2)),

frñeat Laqqèd iwo Feriods

i "ti1

Aggregation B j-as (total )

42 cov (cx,ri , BIi )

42 cov(dAi,"Zi)

Implied Sampling Error

Estimated l4acroparameter
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-39.33

-1458.96

Coefficien't of Wheat Stocks

257 2 .02

-L498.29

Aggregar.t-ion Bias (tota1)

42 cov (o.2i,Cf i)
42 cov ( o.t¡i,CZi)

Implied Sampling Error

E s timatecl lrlacroparame te r

ãr,,

-139.36

910.36

22,03

-564.16

L00r2.27

-542.13

-285 .7 L

93s6.19

-0.000752

0.000638

-0.003523

-0 " 000114

-0 " 000878

-0.004460



Table 5.2

Coefficient of Trend

(continued)

4 * 3í
a

Aggregation Bias (total)
' 42 cov (o2i , Dti )

42 cov (cr qí,DZi)
Tmplied Sampling Error

Estimated Macroparameter

Coefficient of Lagged Acreage

o4i

Aggregation Bias (totu.t ) 
2

42 cov(o2i,"fi)

42 cov (cxni,EZi)

fmplied Sampling Error

E s timated lvlacropar ameter
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5.315

-L24. BBs

lrh"r. are some discrepancies (due to rounding of
figures) between the estimated macroparameters on Lhe one
hand, and. the sum of the corresponding microparameters, plus
the aggregation bias, plus the implied sarnpling error. The
follov,zing are the orders of magnitude of the discrepancies
for the various macropararneters:

constant 2 '6 Per cent
Coeffícient of price of wheat 1.8 per cent
Coefficient of stocks of wheat I.2 per cent
Coefficient of trend 0.5 Per cent
Coefficient of lagged acreage 2.2 per cent
2rh" figure 42 represents the total number of crop

districts used. The components of the aggregation bias
(total) are as specified in the set of equations (5.1.11).

369.975

-r'ì-s. s7o

-t.198

250.451

-0.0283

0.0503

0.1535

0.0220

0.1195

0.3018
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part of the estimated. macroparameter for the price of wheat,

the stocks of wheat, and. the trend variables. In percentage

ter:ms, these are 95.6, 54.0, and 95.3 per centr r€spectively.

From Tal:le 5.2, the following may also be noted;

t. The bias due to the corresponding parameters is

larger in magnitude than the bias due to the non-corres-

ponding paraneters in each of the cases where both cor.ponen'Ls

of the aggregation bias exist"

2. The magnitude of the total aggregation bias is

small by comparison with the estimated macroparameters for

each of the following variables: wheat price, stocks of

wheat, and the lagged dependent variable. The corresponding

percentages are 5.7, 2.5, and 7.2 per cent, respectively.

on the other hand, the magnitudes of the aggregation bias

in the constant term and in the coefficient of the trend

variable are quite considerable. The corresponding percent-

agies are 164.6, and 47.9 per cenL, respectively'

3. The magnitude of the irnplied sampling error is

generally a very small part of the estimated macroparameter

in all cases except for the lagged dependent variable.

4. The true value of the macroparameter is a size-

able part of the estimated macroparameter for the stocks of

wheat and. the lagged dependent variable. The percentages

are 79.o ancl 52.0 per cent, respectively. The true value of

the macroparameter, however, exceeds the estimated macropara-

meter in the case of the price of wheat, the constant term

and the trend variable. Expressed as a percentage of the



estimated value

282.0 and L47.7

Temporal Composition of the

10 5a

of the macroparameter, the figures are 107.0,

, respectiveiy.6

Estimatect I'iacroparameters

In order to examine the ternporal composition of the

macroparameters, the total data interval was divided into

two periods of equal length, the first running fron 1953-54

through f960-61, and the second from I96L-62 through

1968-69" This study of the temporal structure of the macro-

parameters is limited to the static wheat equation only.

The results are presented in Tables 5.3 and 5.4.

The most interesting findings from the study of the

temporal behaviour of the macroparameters are the changes in

the structure that take place j n the macroparameters over

time. In both the first half and second haif estimates of

the price of wheat macropararneter, the true values sti11

form the dominant part of the estimated macroparameters. As

percentag€sr the true values are 80.0 and 93.7 of the macro-

parameter in the first half and. secono half, respectively.

This may be compared with a value of 95.6 per cent obtained

for the total data interval- (see Table 5.1).

similar shifts in the magnitud.e of the true value

relative to the estimated macroparameter occur in the other

macropararneters. For stocks of wheat, the proportions are

6_.'1'ne
partitioned
incl-ud.ed in

estim.ates of
into similar
the append.ix

the macrodisturbances were also
components. The results are
as Tables 4.10 and A..11.



Aggregation Eias and Implied Sampling Errors of the
Least Squares Macroparameters of the Static l¡lheat

Acreage Response Equation" (4.1-. 3),
1953-54--1960-6t-r

Constant Term

TABLE 5.3

Io oi
a

Aggregation Bias (total)

42 cov(aZi,f Ii)
42 cov (cråi,Àif Zi)

Imp1ied. Sampling Error

Estimated Macroparameter

Coefficíent of Price of \{heat
Laqged Two Periods
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Ia- .? ll_I

Aggregation Bias (total)

42 cov ( aZi, Bf 
i_ 

)

42 cov(oåi, iBZi)
Implied Sampling Error

E s timated l'4acroparame ter

-3326 .67

-L6634.73

-787 5. BB

-19961.40

Coefficient of Stocks of Wheat

ãr,
Aggregation Bias ltotu.t)2

42 cov ( o2i, 
"f i 

)

42 cov (crJi 
' ÀiC2i)

897 6 .27

-19384 "39

-50.65

3554.60

l5B7B.0B

3503.95

-28.93

t9847 .6L

0.000390

-0.000146

0.000272

0 . 00 0244



ÎABLE 5.3

fmplied San.pling Error

E s t irnated lt{ac roparam-e ter

(continued,)

Coefficient of Rainfall

Aggregation Bias (total) 2

42 cov (o, i , Dti )

42 cov (oåi, ÀioZi)

Implied Sampling Error

Estimated }lacroparameter

¡
JL

Coefficient of Trend

Aggregation Bias (total) 2

42 cov ( o2i,"f i)
42 cov (oåi, ÀiEZi)

Implied Sampling Error

Estimated Macroparamel-er

I"nt
l-

r07

-5.92

r784"40

-0.000140

0.000381

r_.rnere are some discrepancies (due to rounding of
figures) between the estimated macroparameters on the one
nañA and the true value of the macroparameter, plus the total
aggregation bias, plus the implied sampling error. The
fõifowing are the order of maqnitude of the discrepancies for
the various macroparameters :

2499.64

T77B"48

3495.75

7973.20

-12.68

-29.39

Constant term
Coefficient of price of wheat
Coefficient of stocks of wheat
Coefficient of trend
Coefficient of rainfall

The results of the microregressions and the
equations from which the figures in Tab1e 5

calculated are not presented.
2see footnote 2 for Tab1e 5"1.

600.98

-42 .07

74.38

718. BB

2.7 per cent
2,I per cent
L"4 per cent
0 "2 per cent
2.5 per cent

auxiliary
.3 have been



Aggregation Bias and Implied Sampling Errors of the
Least Squares Macroparameters of the Static Wheat

Acreage Response Equation. (4 . 1. 3 ) '1961-62--1968-691

Constant Term

Ic¿+oL
l_

Aggregation Bias (total) 2

42 cov (oryfli)

42 cov (oåi, ÀifZi)

Implied Sampling Error

Estimated- Macroparanleter

TA]3LE 5 .4

Coefficient of Price of trriÌreat
Lagged Two Periods

I "ti-a

Aggregation Bias (total) 2

42 cov ( o2í, Bf i )

42 cov (cr ji,IiBZi)
Implied Sampling Error

Estimated. l4acroparameter

108

-357 .7 s

-1430.99

-6711.59

-1788.74

Coefficient of Stocks of Wheat

o¿^.¿L

Aggregation Bias (total) 2

42 cov (o2i rCli
42 cov (oji, ÀiCZi)

Implied Sampling Error

1400.63

-7 3LI.7 4

33.21

632.29

14053.29

665.50

-60.36

15003. s1

-0 " 010050

0.029113

-0.0 04656

0.019083

-0.004513



TABLE 5.4

Estim.rted l'lacroparameter

(continued )

Coefficient of Rainfall

Aggregation Bias (total) 2

^, lLI^.JA

42 cov (oåi, ÀiCZi)

Implied Sampling Error

Estimated I'facroparameter

42 cov (uri,Cti)

Coefficient of Trend

Ioni
Aggregation Bias (total) 2

42 cov ( o2.-,uti )

42 cov (crf i, ÀiEZi )

Implied Sampling Error

Estimaied Macroparameter

109

4.9r

r32 .60

0.010024

lTh"t" are some discrepancies (due to rounding of
figures) between the estimated macroparameters on the one
hand, and the true value of the macroparameter, plus the
total aggregation bias, plus the implied. sampling error.
The foflówiñg are the order of rnagnitude of the discrepancies
for the various macroparameters:

4311.96

137.51

27 49 .26

7130.50

-7 .47

-28.87

Constant Term
Coefficient of price of wheat
Coefficient of stocks of wheat
Coefficient of trend
Coefficient of rainfall

The results of the microregressions and the
tions from which the figures in Table 5,4
Iated are not presented.

2_see footnote 2, for Table 5"1.

43I .62

-36.34

69.93

4 66 .62

2 "9 per cent
2.3 per cent
1. I per cent
0.3 per cent
1.9 per cent.

auxiliary equa-
have been calcu-
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71.3 and per cent of the macroparameter in the first half

and second. half, respectively. These may be compared with

53.0 per cent for tþe total ínterval. The true Value is

40.I per cent of the rnacroparameter for rainfall in the first

half and 53.5 per cent in the second l-raIf. These may be

compared \n/ith 23 .2 per cent in the total interval. The

corresl"ronding figures for trend are 83.6 per cent and 92.5

per cent in the first half and second hal-f, respectively.

These may be compared with 95.3 per cent in the total inter-

val estimate"

changes are also evident in the other components of

the estimated macroparameters. The total aggregation bias

changes in magnitude relative to the estimated macropara-

meters for each of the following variables in hoth the first

and second half estimates: wheat price, stocks of wheat,

rainfall, and. trend. Expressed as percentages of the esti-

mated r¡alues of the corresponding macroparameters these aref

18.0, 64.0, 22.0, 6.0 per cent, respectively, for the first

half d.ata. The corre.;.oonding figures for the second half

d.ata atre, 4.0, 19.0, 2.0, 8.0 per centr f€spectively. These

nray be compared with 3.2,1.0, 0.1 and 8.3 per cent, respec-

tively obtained for the total interval. The change in this

component for stocks of wheat in the second half is particu-

Iarly noteworthy. As can be seen from Table 5"4 the

estimated. macroparameter of wheat stocks is positive despite

the fact that the average of the correspond'ing micropara-

meters is negative. This is due to the presence of a
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relatively large positive aggregation ]:ias. Some changes

are also evident in the implied. sampling error component of

the estimated macroparameters. For example, in the para-

meters of wheat price, stocks of wheat, rainfall, and trend,

the magnitude of the implied sampling error expressed as

percentages of the first half value of the estimated macro-

parameters are, 0. I, 44.0 , 75 "0 , 12,0 per cent respectively.

The corresponding figures for the second half are, 0.2,37.0'

44.0, 10.0, per cent, respectively. These may be compared

with 0.4, 45.0 , 39.0, 15.0 per cent, respectively, obtained

for the total interval.

These figures provide information on the composition

of the same macroparameters as these nacroparameters take on

various values over time. The results indicate that the

relationship between the macroparameters and the micropara-

meters changes over time. When the results are applied in

particular to the true value, they indicate that it is not

always that the same macroparameter may a.d.equately reflect

(or fail to reflect) the average relationship exisLing at the

microunit level. A sufiìrnary of the true Value as a percentage

of the estirnated macroparameter is given in TabLe 5.5.

PART II

EXPLfu\ATORY AND PREDICTIVE POWERS OF

AGGREGATE AND DISAGGREGATE ACREAGE
SUPPLY RESPONSE MODELS

In order to compare the relative performance of



True Value of Estimated Macroparameter Expressed
as Percentage of the Estim'ated ltiacropararneteru

!'v-heat Acreage F.esponse l'lodeIs

Constant

Price of l{heat

Stocks of V,lheat

Trend.

Rainfa]-l

Lagged. Acreage

TABLE 5.5

Static
Model

I12

29 .3

95.6

s4.0

95.3

¿J. ¿

Distributed
Lao' I'Iode1

282 .0

107.0

79.0

L47 .7

1953-s4 L96L-62
to

1960-61

Temporal

40 .6

80"0

7L.3

83 .6

40.1

to
196 B-6 9

52.0

91.8

93.7

53.0

92 "5

53.5
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aggregate and disaggregate mod.els in explaining the aggre-

gate acr.eages of wheat and barley seeded in the Canadian

Prairies, three models were defined in this stucly as follows:

Mod.el I--separate .acreag'e 
response functions were fit to the

data of each r.ricrounit (crop d.istrict) ; I"lodel II--an acreage

response function was fit to the variables aggregated over

all the microunits; Ivlodel IIf --acreagie response m.odels were

fit to the variables obtained by ad'ding over the microunits

for eacþ of non-overlapping groups, formed. from all the

microunits. In this study, the groups were arbitrarily

def ined. Three groì.1ps vlere def ined such that the microunits

in each group shared the cofllmon characteristic of belonging

to the same Province.

we should, however, explain the sense in which the

grouping of the microunits in this study is arbitrary. In

the theoretical d.iscussion on thè explanatory power of

Model III in Chapter II, we indicated the conditions which,

all other things being equal, will lead to an increase in

the t"' In particular it was founcl that this will be sor
p

if partitioning is done in a way such that the coefficients

of the members in each group are close to one another, and

also, if the correlation between the inclepend'ent variables

of the members in the same group is high. (see equations

(2.3.25) ancl (2.3.26) in Chapter II. ) unfortunately, this

conclusion is the result of analysis based' on one explanatory

7S"" Chapter rI, p. 33.
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variable in each microrelation ancl where each group is rnace

up of two members only. To the best knorvledge of this

authorr ûo generalization of this approach has yet been

developed. This studyr ofl the other hand, included four

explanatory variables in each microrelation. A1so, in order

to limit the number of groups defined from the 42 microunits

considered in this study, each group contained rnore than two

members. consequently no attempt was mad.e to follow the

partitioning suggested by the theoretical discussion in

Chapter II. In this sense the partitioning followed' in this

stud.y is arbitrary--it was done in such a way that we could

compare analysis at the level of the Prairie Provinces with

Models I and II.

Explanatory Power of Mode1s I and- II

explaining the aggregate acreage response are cornpared.

This is then followed by a comparison of the performances

of Models I and II with that of the semi-aggregate model,

that is, Model III.

In the case of wheat, the ma.croequations used in

these comparisons are equations (4 .1. 3) and' (4 " f. LZ) . The

corresponding microequati.ons are presented in the appendix

as Tables A" I and. 4.2. The microequations which correspond

to the macroequations (4.r.3) and (4.r.12) are not neces-

sarily the "best" for each m-icrounit ("best" in terms of

explanatory power and. theoretically correct signs and.

First the performances of }lodels I and II in
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statistical significance of the estj-mated coefficients).

Thus several other output response equations were also fit

to the data of each microunit and the "best" equation (as

defined above) for each microunit was also used in the com-

parison of the explanatory po\^/er of the aggregate and the

disaggregate models. The "best" equation (as defined above)

for each microunit is presented in the appendix as Table .A.3

This set of equations is hereafter referred to as equation

(4"0"0).

The barley macroequation used in the comparison of

the relative explanatory powers is equation (4.2"7) " The

corresponding microequations are presented. in the appendix

as Table 4.4.8

In order to compare the rel-ative performances of

Model I and I'lodel II in explaining the aggregate acreage

response, a "composite R2", (R3), value of the 42 micro

acreage response models \^/as computed in the manner of

Grunfeld and Griliches.g To obtain the R3, residual= (V-î)

for each of the 42 micro functions were obtained for each

year separately. These were sururred over microunits for each

year and the sum of the microresiduals squared. Then these

squared residuals were summed over the entire sample period

1953-5 4--1968-69 , and this sum was divided by the sum of

o'It turned out that each micromodel-
also the "best" (as defined above) equation
barley acreage for each microunit.

o'Grunfeld and Griliches, oP. cit.

in Table 4.4 is
obtained. for
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sqr'l:rreci deviations of the aggregate depcndent variable about

their mean. The result was subtracted from one to give the

"composite R2" tnll. The R3 of l'lodel r is comparable to the

R2 value from the aggregate acreage response model (l'1odel II)

which is designated here as *1. r0a

The results of these computations are presented in

Tabl-e 5.6.

"Aggregate" and. "Composite" R2 for l{heat and
Barley Acreage Response Equations, when the

I{acrounit is the Canadian Prairies

Equation

(4.1.3)

(4.0.0)

(4.L.j.2)

(4.2.7)

TABLE 5.6

I{heat

!'iheat

Wheat

Barley

As is clear from Table 5.6 t the multiple correla-

tion coefficient for llodel- I is larger than that for Model

II in all cases. Thj-s result irnplies that the micro acreage

response functions (Model I) explain the aggregate acreage

response of the microunits in the sample better than one

aggregate acreage response equation (Model II) "

R-c
(tulodel r )

o) 
^9

.94r1

.904r

"7 922

losu" Chapter rr, p. 27

.9227

.9227

.8969

.7 837



relative performance of the models " The question that

aríses, however, is whether the differences between the

The R2 values in Table 5.6

R2,s are statistically significant. This is equivalent to

enquiring whether the d.ifferences between the sum of squared'

resid.uals from the two models are statistically siEnificant.

Hence, to test whether the differences between the R2ts are

significantly different, squared residuals were obtained for

each model for each year. The differences between the

squared residuals of the two models were calcuLated for each

year separately. These differences were then valued (ranked)

II7

are suggestive of the

according to their absolute values and the

difference was attached. to the ranks. The

positive ranks was computed and used as a test statisti".ll

The results of these computations are given in Table

5.7 The significance level used is 0.05. It can be seen

from Table 5,7 that for equation (4.I.3) the sum of the

l1_.'r'nrs is the Wilcoxon lvlatched Pair Signed Rank Test
for testing whether there is a significant difference
between twó ¿istributions. The test may be briefly described
aS follows. Given a set of n pairs of observations r we com-
pute the differences Xi-Yi and rank them according to their
absolute values. The Ëigñ of the difference is then attached
to the ranks and the sum of the positive ranks T¡ corn.puted.
The Pr(Tn I x) has been tabulated by I'lilcoxon. In using the
testr-thä hypothesis tested is that there is no difference
between the distributions of X and Y, agai-nst the alterna-
tive that P(X > Y) = b, where 0 < b < I' rf x is the value
of Tp calculated. from the sample, the hypothesis is_rejected
if ei {r' s x)
the tesÈ. Reference to this material may be obtained from
D. Owen, Handbook of statistical Tables (tondon: Addison-
Wes1ey eu ZS.

sign of the

sum of the
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positive ranks is 72, and the tabulated probability is .590.

This means that the probability of obtaining a sum of posi-

tive ranks T of 72 or less is .590, if the nu]l hypothesis
n

is true " That is, the probability of observing a val-ue of

T sreater than 72 is "410 if the null hypothesis is true.
n

Consequently we accept the conclusion that there is no

significant difference between the squared residuals of

Models f and. II as far as the static wheat model (equation

(4.I.3)) is concerned. ThaL is, there is no significant

difference between the explanatory powers of Models I and II"

This is also the case for the dynamic wheat model (equation

(4.f"12)) and the dynamic barley model (equation (4-2.7)).

The difference is, however, significant for equation (4.0.0))

for wheat. We rnay concluder therefore' that whilst

differences exist in the R2's of Irfodels I and II, these

differences are generally not significant at the five per

cent level of confidence

Explanatory Power of lfod.el III_-

In order to examine the predictive power of the semi-

aggregate model (l,iodel III), semi-macrovariables were

obtainecl by add.ing the corresponding variables for the crop

districts in each of the three Canadian Prairie Provinces,

separately. The resulting regression equations which were

obtained by using these variables are presented in Tab1e 4.6"

For each semi-aggregate model the multiple correlation
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coefficient, R], which corresponds to the R: (of l4ori.et ï)--p' --r ---- c
)

and the R¿ (of l'lodel II) was calculated. In order to obtain
a

)the R: for the semi-aggregate moclel, residuals (Y-Y) for
p

each of the three semi-macroequations representing Manitoba,

Saskat.chewan, and Alberta were obtained for each year,

separately. These residuals were summed over the Provinces

(semi-macrounits) for each year and this sum of residuals

squared,. Then these squared sums of the residuals were

again summed. over the entire sample period. 1953-1968, the

resulting figure being divided by the sum of the squared

deviations of the aggregate depend.ent variable about their

mean. This final result was then subtracted from one to give

the R2.
P1

These Ré'= are shown in Table 5.8 together with

the corresponding n1'= and the n1'=. As can be seen from
aC

that table, the explanatory power of ModeL III is higher

than those of Models I and II in the static wheat equation.

Model III is not so successful in the other equations.

Generarly the R: is inferior to the nl uut superior to the-p - c

R2. The Wilcoxon test, however, shows that these differences
a

are not statistically signif icu'rrt.12

Pred.ictive Powers of Models I, f ¡ -glq-Jll
The picture that emerges out

the multiple correlation coefficients

12th" only exceptions are the R: R: ana 1] R3

comparisons for .ination (4.0"0) " fhes$ areosignifÏcantvat
the five per cent leve1 of confidence.

of the comparisons of

of Mode1s I, II and



)))R:, Rl, R: for Wheat and Barley Acreage Responseq v YEquations, when the }tacrounit
is the Canadian Prairies

Equation

(4.1.3)

(4 " 0.0 )

(4.L.12)

(4"2"7)

TABLE 5. B

Wheat

Wheat

Wheat

Barley

c
(Model

L2T

"9249

.9ALI

.904r

.7 922

a
(iriodel rr) R; (Model rrr)

.9227

.9227

.89 69

.7 837

.9301

.9297

.89 49

.7 893
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If I is not clear cut. trlìrile the results indicatc that I'{oclel

I has a retatively higher explanatory po\,ver in all cases

than the ful1y aggregate model (¡lodel II), it is not

superior to the serni-aggregate model- (Model III) in all

cases. SimilarIy, the semi-aggregate model is better than

the fulty aggregate model in all cases. However, except for

the dif f erences between R2 and R2 and between R2- and R?,-'c --a c p'
with respect to (equation (4.0.0)) for wheat, whatever

differences that are observed between the comparable multiple

correlations are not statistically significant"

evaluated by attempting to predict the aggregate wheat and

barley acreages for L967-68, 1968-69| and L969-70. Since

the first two prediction periods had been used in obtaining

all the equations already referred to, Models It II, and III

were refit using data up to L966-67 only. The resulting

equations were Lhen used to predict the aggregate wheat and

barley acreages for 1967-68, L96B-69 and L969-70- fn the

study of predictive performances of the three models, only

equations (4.I.3)' (4.0.0) and (4"2.7) were used, that is,

the dynamic wheat equation (equation (4.1"12)) was omitted.

The results are presented in Table 5.9.13

For the static wheat mod.el, that is, equation (4.1.3),

it can be seen that Model I has the "best" performance, (that

The performances of the three models v/ere also

13rrr" re-estimated. microequations
using data for the period 1953-54--L966-67
for the period 1950-51--1966-67 fot barley
recorded in this studY"

and m-acroequations
for wheat, and
have not been
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is, Mod.el I has the smallest percentage forecast errors in

each of the three years for which forecasts were made).

Model II also gives better predictions for L96B-69 and

L969-70 than Mode} III and, therefore, the fu11y aggregate

mod.el (Uodel II) has a better overall performance than the

semi-aggregate mod.eI .

As was explained above, equation (4"0.0) differs

from equation (4.1"3) by not having necessarily the same set

of explanatory variables for the acreagie response function

for each crop distríct. According to this latter equation,

that is, equation (4.0.0) , lfodel I has the "best" preclictions

(as explained above) for each year for which forecasts were

obtained. However, Mode} III has better predictions for

1967-68 and Lg6g-70 than l4odel II and, therefore, the semi-

aggregate model (Model III) has better overall performance

than the fully aggregate model (Mod.el II) " This contrasts

with the results obtained for equation (4.1.3) for these two

models.

Generally, the predictions for barley are poorer

than those for wheat. The equation used for the predictions

is equation (4.2.7). According to this equation, Model III

has better overall performance by having the smallest fore-

cast errors in two of the three years for which forecasts

were obtained. Once again the disaggregate mod'el (¡tod'eI I)

has better pred,j-ctions than the fulty aggregate model

(Mod.el II) for each of the three years.



There have not been many attempts to empirically

study the relative performances of alternative m.odels of the

type considered in this study in explaining variation in an

aggregate dependent variable. The few studies thaÈ have

been done include those by Grunfeld and Griliche=,14 Ali

rsmail Medani,15 Guptar16 Houck and subotniklT and' Head'y

I8and Rao.

Grunfeld and Griliches compared the performance of

disaggregate and aggregate models (i.e., Model I and Model

II) in explaining the variation in macrodependent variables

by drawing on the results of their previous studies. 19

COIVIPARISON VÍITH THE RESULTS OF OTHER STUDIES

PART IIÏ

J-25

l5ati rsmail Medani, "Constant versus Non-constant
Production Elasticities Among Firms." Unpublished Ph.D.
Dissertation, UniversiLy of California, Berkeley, 1965.

16^*-Guptar oP. cit.
L7_rames P. Houck and Abraham Subotnik, t'The U' S"

Supply of Soybeans: Regional Acreage Functions, " Agricul-
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chicago, 1959; zvL Griliches, "Distributed Lags, Disaggrega-
tion ánd negional Demand Functions for Fertilizgfl l. Journal
of Farm Economics, Vol. XLI' No. l, (February, 1959), pp"

14Grunfeld and Griliches, oP. cit.
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t26

In the comparison based on the study by Grunfeld, tire
_2 -t2R: and R: were 0.906 and 0.926, respectively. That is theca
explanatory power of the aggregate model was better than

that of the disaggregate modeI. Grunfeld and Griliches

computed two R1 and Rl each from their stud.y based on the
AU

work by Grili.h"=.20 Using the first aggregation procedure,

the R2- and the R? turned out to be 0.982 and.0.983, respec-ca
tively, while the corresponding values obtained for the

second aggregation procedure were 0"987 and 0.986, respec-

tively.

Ali Ismail Medani's sLudy was concerned among other

things with investigating the gain, if anY, to be had by

pred.icting output for each firm with a separate funcÈion for

each firm and then aggregating the result as compared with a

direct prediction of output from a single function fitted to

the aggregate data from all the firms. His analysis showed

1)that the R1 was 0.93 as opposed to an R: value of 0.9f. The--c a

difference between the R1 and the Rl Èhough small in anca
absolute sense was found to be significant at the one per

cent level of confidence.

Similar1y, Gupta posed the question,

20I¡ this latter stud.y, Grunfeld' and Griliches used'
two aggregation procedures. The first procedure was to
aggregáte the microvariables linearly and then to take the
tõlaritfrms of the sums. The second. procedure was to add the
logarithms of aII the variables and use their sums as the
macrovariables. Since there were tryo different aggregates,
two different kinds of aggregate (13) and composite (RÉ)

multiple correlations were computedi
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if our aim is the prediction of the rate of change of
money wages in the manufacturing sector--narrowly
defined--would we gain anything by studying the rate of
change of moley wages in the industries constituting
this sector?2r

Gupta estimated five

specification biases

the Ri in every case.a

ranged between 0.9247

0.8143 "

Gupta also compared the performance of a semi-aggre-

gate model- (i.e., Model III in our terminology) with the

performances of disaggregate and aggregate models (i.e.,

Models I and II, respectively, in our terminology). To do

this, he def ined semi-macrovariables (t'partitioned t' macró-

variables in his terminology) from the microvariables by

combining two industries at a time, thus obtaining three

differen partitions fron", the four industries. Once again,

each of ttte three partitions was used in conjunction with

the five equations reflecting various specification biases.

alternative equations to

and found that the n] was
U

.)

The R-- values actually
c

and 0.9899 " In contrast

reflect

larger

obtained
), the R-
ct

Thus fifteen R2's were computed.p

better than the R2's while thirteen of the fifteen n3'= were-'c P

var]"0us

than

better than the R2.a
')

were obtained it is not known v,zhether the RotS were signi-

ficantly different from each other.

Head.y and Rao obtained. R2 and t values for their
I'national response equations" which were "almost uniVersally

was

However, since no statistical tests

Nine of the R2ts werep

2rcupt.r op cit", p. 89"
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larger than for parallel coefficients for regions and

states."22 Even though Head.y and Raots study used both

aggregate and disaggregate models, their work differs frorn

this stud.y and the other studies above by the fact that their

objective was not to compare the aggregate and disaggregate

models. Consequentlyr no "composite R2" was obtained.

Flouck and Subotnik also estimated six regional soy-

bean acreage supply equations from which a national acreage

supply function was developed by summing the six regional

functions and collecting terms where appropriate. An aggre-
)gate R' was ot¡tained. for the national model by v;eighting the

computed multiple correlation coefficient for each region by

the proportion of that regionts acreage variance to the total

acreage variance for the United States. The resulting value

of R? of 0.96 turned out to be larger than three of the six
a

micro-R2'=. However, this is not the kind of comparison to

make between Models I and II. No composite R2 \úas obtained.

Houck and Subotnikts stud.y differs from this study and the

others mentioned above by the fact that no independ.ent macro-

variables were formed.

The only empirical investigations regarding the

structure of estimated. macroparameters are studies by Boot

and oe wit 23 and by cupta.24 rn the study by Boot and

22u"ady and Rao, op. cit. , p. lO44 .

23Boot and. De l^iit, op. cit.
24e,-,ptu. r op. cit.
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De !{it the magnitude of the implied sampling error in each

estimated macroparameter was not greater than one per cent

of the aggregation bj-as, in each estimated rnacroparameter,

however, \{as about 10.0 per cent of the magnitude of the

estimated macroparameter. In one of the estimated macro-

constant terms, the bias was about 30.0 per cent' Except

for the constant term, the order of magnitudes of the aggre-

gation bias and the. implied sampling errors in the estimated

macrocoefficients showed that these macrocoefficients were

close to their true values

The study l:y Gupta on the other hand, showed that

while in some estimated macroparameters, the true value was

at least 90 per cent of the estirnated macroparameter, aggre-

gation bias and implied sampling error could be quite

considerable. Thus in one case aggregation bias was four

times larger than the estimated macroparameter.

The magnitud.es of the aggregation bias and the

implied. sampling errors obtained in this study were also

generally larger than those obtained by Boot and De !{it,

and in many cases they were even greater than the appropriate

macroparameter, though none was even as large aS three times

the estimated macroparameter. As Table 5.5 indicated', the

effect of magnitudes of these components was to create an

appreciable discrepancy between the estimated. macroparameter

and its true value in some cases.

To summarise, this chapter was concerned with an

investigation of the extent of aggregation bias and implied
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sampling errors in the estimated macroparameters of Canadian

Prairie wheat acreage response functions. The explanatory

and predictive abilities of aggreEate and disaggregate wheat

and barley acreagie response models were also cornpared. The

results were compared with the results of other studies which

faII within the general area of aggregation.

Vlith respect to the macroparameters of the wheat

acreage response functions estimated in this study t aggrega-

tion was observed to lead to parameters which differed appreci-

ably from their true values. This was the case with stocks of

wheat, rainfall, lagged wheat acreage and the constant term.

The difference was less marked in the other cases. Unfor-

tunately, these results are meaningless when interpreted in

the context of wheat acreag'e supply response in the Canadian

Prairies. This is so because to be able to calculate the

true value, the aggregation bias, and the implied sampling

error components of estimated macroparameters, the macroegua-

tion and. the microequations should have the same kinds of

variables. The result of using the same kind of variables

in every microequation was that many of the microcoefficients

obtained had theoretically wrong signs--this is mentioned in

the next chapter" Thus the true values obtained for the

estimated macroparameters are the t'wrong" types. Hgwever,

these form important components of the estimated macropara-

meters. This result, however, serves to point out rvhat we

can sometimes expect of macroparameters. The results



obtained

material

an

an

this chapter are summarised

the next chapter.

along v¡ith other
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SUMMARY

It is appropriate,

that we review some of the

chapters and. also make some

CHAPTER VI

I. Vile showed formally ÈhaÈ aggregation generally

leads to aggregation bias, and that a macroparameter can be

d,ecomposed into its true value and the aggregation bias.

The true value of a macroparameter is defined as the averagie

(or sum) of the correspond,ing microparameters " The true

value of a macroparameter is so d.efined because this is a

desirable value (natural value) that a macroparameter in an

aggregate relationship introduced to represent a number of

microrelationships should have.l The average is the rele-

vant desirable va1ue, where the corresponding individual

variables assume values different from microunit to micro'

unit at time t, and. where the value of the corresponding macro-

variable at time t is a summation of Èhe values of the

microvariables. In the case where the values of the

variables at tinre t are the sarne for each microunit and. the

AND CONCLUSTONS

in bringing this study to a close

points made in the preceding

concluding remarks"

GENER.LT

1s*. Allenr op. cít,", p. 700.

130
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macrounit, the sum of the microparameters is the relevant

desirable value that the macroparameter should have"

The involvement of an aggregation bias in a macro-

parameter inÈroduces the possibility that a macroParameter

may not adequately reflect the average (or sum) of the

correspond.ing microparameters. This may be so because of

the possibility of the aggregation bias being quite large"

There is the possibility also of the sign of a macropara-

meter being opposite to the sign of the average (or sum) of

the corresponding microparameters.

Another implication of the nature of macroparameters

is that they may be unstable. This may be so because of the

possibility of the aggregation bias varying, the micropara-

meters themselves remaining constant.

In empirical investigation of the composition of

macrgparameters, however, we can only have estimates of the

macroparameters and. the microparameters. Assuming that the

microparameters coincide with their least squares estimates,

the least Squares estimates of the macroparameters can be

shown to be equal to the true value, plus the aggregation

bias, plus an error term (implied sampling error) '
!{hether macroparameters can in fact give wrong

information regard.ing the composite magnitudes (average or

sum) of the corresponding microparameters because of the

presence of aggregation bias and error term in them, depends

on the values that, these components can assume in practice.

In this study, the estimated macroparameters of
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wheat acreage response rnodels hzere d.ecomposed into their

true values I aggregation l-¡ias and implied sampling error

components " This kind of decomposition has been reported.

in two previous studies by other researchers.

Using investment demand equa'tions for 13 manufac-

turing firms, Boot and De !{it's study showed that the implied

sampling error component of the macroparameters estimated

were generally, relatively small (under I.0 per cent of the

magnitude of the estimated macroparameter). The aggregation

bias component in the macrocoefficien'ts of the two indepen-

dent variables included in their study was generally about

I0 " 0 per cent of the magnitude of tlte estimated macropara-

meter. The correspond.ing magnitude of the bias in the

constant term was 30.0 per cent.

The study by Gupta involving wage determination in

four British industries, showed that these components of the

estimated macroparameters can be quite large. In one macro-

parameter the magnitude of the aggregation bias was four

times larger than the magnitude of the estimated macropara-

meter "

In this study, wheat acreage response functions for

42 crop districts in the Canadian Prairies were used. The

results indicate that for some variables, the magnitude of

the aggregation bias was large. Thus, for example, it was

47 "g per cent of the magnitude of the estimated macropara-

meter of trend. in the distributed lag model'

Its value in the estimated macrocoefficient of wheat sLocks



was 190.0 per cent of the estimated rnacroparameter,

using d.ata for the period 1961-62 through 1968-69. The

implied sampling error component in the macrocoefficients

was sorneLimes as large as 75.0 per cent of the magnitude of

the estimated macrocoefficient. ft was larEer in som.e macro-

constant terms.

The sign obtained for the macrocoefficient of stocks

of wheat using data for the period L96L-62 through 1968-69

was positive, despite the fact Lhat the average of the

corresponding microcoefficients was negative. This siÈuation

resulted frorn a relatively large aggregation bias component.

The results of this study, therefore, corroborate

those of previous studies in confirming Theil's fears that

macroparameters may be unreliable measures of the corres-

ponding microparameters. They also lend support to his

warning that we should be cautious as to tire magnitudes of

the coefficients in macrorelations, even if their standard

errors suggest that their statistical estimates are quite

reliable.

133

2. In investigating the possible effects of aggre-

gation, the following points are noteworthy also. In

equation (4.1.3) in Table 4.L, all the coefficients have the

theoretically correct signs, and each coefficient is signi-

ficant at the five per cent level- of confj-dence or better.

The correspond.ing microequations in Table A"l, however,

indicate thát in only L7 of the 42 equations do all the



coefficients have the theoretically correct signs.

The coefficient of wheat price lagged two periods in

the macroequation, is significant at the one per cent level

of confid.ence. The coefficient of the same variable, how-

ever, fails to show significance at the 10 per cent level of

confidence or better in 17 of the corresponding microequa-

tions" Similarly, the coefficient of stocks of wheat in the

macroequation is significant at the five per cent leveI of

confidence. The coefficient of the same variable, however,

fails to show statistical signifi-cance at the 10 per cent

level of conficlence or better in 28 of the 42 microequations.

The coefficient of rainfall is also significant at the five

per cent level of confidence in the macroequation, whereas

the coefficient of the same variable fails to show signifi-

cance at the 10 per cent level of confidence or better in

29 equations. The coefficient of the trend variable, on the

other hand., shows significance at the 10 per cent level of

confid.ence or better in 31 of the 42 microequations (24 of

these are at the one per cent leve1 of confidence).

The same picture emerges from the distributed lag

wheat equations. In equation (4.1.L2), each coefficient of

the variables in the macroequation is significant at the 10

per cent level of confidence or better. Many of the

corresponding coefficients in the microequations, however,

fail to show statistical significance at the 10 per cent

Ievel of confidence or better. Thus, the number of the

microcoefficients which fail to show statistical significance

r34
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at the I0 per cent level of confidence or better, for wheat

price lagged two periods is I8 from a t,otal of 42 " The

correspond,ing figures for stocks of wheat, and lagged. wheat

acreag:e are 30 and 32, respectively.2

The conclusion to be drawn from this comparison of

the statistical significance of Èhe coefficients of the

variables in the aggregate equations, vis-a-vis the signífi-
cance of the coefficients of the variables in the micro-

equations, is that aggregation can lead us to place too much

confidence on the relationship existing between variables

than is actually the case at the microunit IeveI. I,fLrile this
conclusion relates to acreagie response models for wheat in
the Canadian Prairies, it may very well apply in other cases

also.

3" It was demonstrated, however, that, if our objec-

tive is to explain the variations in the aggregate dependent

variable, then aggregation is not necessarily bad. In fact,r

as was demonst.rated. theoretically, aggregation may even

improve the explanation of aggregate dependent variables,

compared with the performance of a completely disaggregate

approach. Again, it was formally shown for a very simplified

case that. stratification of the microdata into groups which

are then used Èo define semi-macrovariables and equations fiÈ

2rh" number of microequations for which all the
coefficients have theoretically correct signs and. which show
significance at the l0 per cent leve1 of confidence or better
ís even smaller than the figures cited. above for each case.



to these variables, may sometimes give L¡etter rcsults in
terms of explanatory power.

The empirical results with wheat and barley con-

firmed these theoretical results on explanatory power. It
was observed that the most disaggregate model (Irtodel I) did

not always have the highest explanatory power of the three

models compared. Similarlyr the most aggregate model

(Ivlodel III) d.id not always have the worst explanatory power.

The empirical results from this study thus confj-rm

the theoretical conclusions that. macroparameters differ from

the average (or sum) of the corresponding rnicropararneters

and that this difference can in practice be quite large.

Two conclusions that come out of the ernpirical results in
this study, and which have not been evident in the results
of previous. studies are, that it is possible in practice

for the sign of the estimated macroparameter to have a sign

opposite that of the averagie value of the microparameters;

and that the statistical results of aggregate equations, as

regards the statistical significance of their estimated

macroparametersr mây sometimes give a distorted view of the

relationships existing between variables at the mj-crounit

level. We may thus on occasion be led to conclude from the

results of aggregate equations that significant relationships

exist between certain variables at the microunit Ievel, when

in fact no significant relationships exist between the micro-

variables "

The above statements regarding possibl-e dangers

136
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inherent in aggregation do not lead to the general conclu-

sion that aggregation is always bad, and hence disaggrega-

tion should be resorted to in every situation. They rnerely

serve to inclicate what aggregation can sometimes lead to.

IVhether in any particular situation aggregation is worth-

while or not, can be determined empirically for that particu-

Iar situation only. Àggregation and disaggregation were

eval-uated in connection with wheat and barley acreage

response in the Canadian Prairies. A summary of the results
f ol-low.

PRAIRIES WFÍEAT AND BARLEY ACREAGES

Aggregation and. Explanation

This study has evaluated three alternative time

series regression models, with respect to their ability to

explain variations in the aggregate wheat and. barley acreages

cultivated in the Canadian Prairies, and to predict output

variations outside the sample period used in the statistical
estimations of the regression relationships. The three

models were: Mode1 l--separate acreage response functions

were fit to the data of each microunit (crop d.istrict);

Model II--an acreage response function was fit to the vari-

ables aggregated over all the microunits; Model III--acreage

response models were fit to the variables obtained by adding

over the microunits for each of non-overlapping groups,

formed from all the microunits " The three groups which were

formed coincided with the three Prairie Provinces.
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The evaluations were made for wheat, within t.he

frameworks of the traditional static rnodel and the distri-

buted lag model. The analysis shov¡ed that for the static

model the "comparable R2" values were O.g24g, 0.9227 and

0.9301 for Mod.els I, II and III, respectively (vrhen the set

of variables in each microequation was the same) " The

results were somewhat different when the set of variables

in each microequation and the macroequation was not neces-

sarily the same (equation 4.0.0). The "comparable R2" values

in this case \^/ere 0.9411, 0"9221 and 0"9297 for Models T, II

and III, respectively. The corresponding figures for the

distributed lag wheat model were 0.9041, 0.8969 and 0.8949

for Models 1, II and III r respectively

In the investigation with barley, the differences

among the "comparable R2" values were also small in an

absolute sense, and. the Wilcoxon test indicated that they

were not significant at the five per cent level of confidence.

The values vüere 0.7922, 0.7837 and 0.7893 f or lt,Ioflels L ' II

and III, respectively.

Aggregation and Pred.iction

With regard to the performances of the models in

predicting the aggregate Prairie wheat acreage, Model I had

the best predictive performance for the years for which pre-

d.ictions were made. This was the case for equations (4.1"3)

and (4"0.0) .. Neither Mod.el II nor Model III appeared to

have any distinct advantage in prediction over the other.

Thus, using equation (4"0"0) the semi-aggregate model (Mode1
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III) had bett,er predictions than the fu}Iy aggregate model

(Model II), in two of the three years for which predictions

were mad.e. On the other hand. Mode1 III had the overall

better pred.ictions than Model II when equation (4.1.3) was

used"

In the investigation with barley, Model I once again

had better predictions than Model II for each of the three

years for which predictions \dere made" The predictions from

IvIodeI I were, however, inferior to those from Mode1 III in

two of the three Years.

The results of this study, therefore, show that

there are differences between the explanatory powers of

Mod.els I, II and ITI with regard to the Prairie wheat and

barley acreages. In particular, the disaggregate model

(Model I) has an overall higher explanat'ory power, followed

by the semi-aggregate and the completely aggregate model, in

that order. However, the differences between the three

mod.els in terms of explanatory Powers are generally very

slight, and are generally insignificant' at the five per cent

Ievel of confidence" Similarly, in predicting the aggregate

Prairie wheat acreage, the model with the lowest degree of

aggregation (l,tode} I) gives better predictions than the more

aggregate mod.els (Models II and III). Here again, whatever

differences that were obtained åre not particurarly striking.

lfith regard. to barley, however, the differences between the

dísaggregate model and. the completely aggregate model are

somewhat aPPreciable"



Macroparameters Versus Mi"gg..*"t*

This sect.i-on compares the results of using macropara-

meters and, microparameters in formulating policy wit.h respect

to wheat acreage in the Canadian Prairies. The macro-

equation (4.1.3) is used for Èhis comparison" This equation

is selected for this purpose over other macroequaÈions esti-

mated in this study because it has a relatively higher

explanatory power (see Table 4.I) , alt the coefficients

of this equation have the theoretically correct signs, and

preliminary investigation showed that it predicts better

than other equations in Table (4.f)r whose coefficient's had

theoretically expected. signs and which were also significant'.

Only L7 of thè 42 corresponding microequations had

the theoretically correct signs on all their coefficients.

As mentioned in Chapter V, however, other equations were fit

to the data of each crop district. The besÈ of thede equa-

tions for each microunit was selected and is presented in

Table 4.3. fn each equation in Table 4.3, the coefficients

of all the variables have the theoretically correct signs

and. many of these coefficients are stat,istically significant

at the 10 per cent level of confidence or better. These

equations have relatively high explanatory power and their

predictions are more reliable than comparable microequations.

These are the equations compared with the macroequation (4"1"3)

in formulating policy with respect to wheat acreage.

of the variables that are includ,ed in the static and

ô
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the dynamic wheat models, the wheat pri-ce and the stocks of

wheat variables are of special interest because these

variables may be used as policy instruments. The following

discussion is, therefore, confined to these two variables

only.

The coefficient of wheat price lagged two periods in

equation (4. f " 3) is 13.152 mill-ion. This indicates that a

10 cent change in farm wheat price will result in a 1.315

million acres change in the aggregate seeded acreage in the

same direction, given that there is no change in any other

variable" On the other hand, the change according to the

microequations in Table À'.3 is 1.551 million u..t"=.3

These results indicate that when wheat price is

varied, aII other variables (except the dependent variable)

remaining unchanged, the results differ according to whether

the macroparameter is used or the microparameters. In parti-

cular, the magnitude of the change in the aggregate wheat

acreage according to the micromodel is larger than the

change according to the macromodel. Tiris indicates that

any policy on acreage control based. on the macromodel would

lead to the application of the policy instrument (wheat

price in this case) to a greater degree than is actually

.3_."The figure 1"551 was obtained by the add.ition of
all the coefficients of the price variables in the equations
in Table A'.3" Eighteen of the microequations in TaÌ.rle 4"3
are based on Nerlovers general price expectation model. The
coefficients in these equations were accordingly divided by
the magnitude of the respective coefficients of expectation.
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required to achieve the target. For example, if the target

is a decrease of five million acres in the aggregate wheat

acreage, and it is proposed to achieve this solely by a cut

in wheat price, the price cut required to achieve this

target is 32 cents according to the micromodel-. The corres-

ponding figure according to the rnacromodel is 3B cents,

which is greater than is actually required on the basis of

the micromodel. That is to sây, the target decrease of five

million v¡ilI be exceeded if the recommendation from the

macromodel is used. Similarly, the target v¡il1 be exceeded,

if an increase rather than a decrease is contemplated in the

aggregate wheat acreage and the m.acromodel is again used.

Wheat stocks can also be used as policy variables.

In this regard it is recognised, however, that any such use

of wheat stocks can only be indirect, the direct instrument

being delivery quotas. The macrocoefficient in the static

wheat model (equation (4.1.3)) indicates that, if aggregate

wheat stocks on farms d,ecrease by I00 million bushels in

the Canadian Prairies, aggregate wheat acreage will increase

by 0.590 million acres, provided all other variables

rernained unchanged. lrle will assume that the 100 million

bushels d,ecrease in wheat stocks will result in proportional

decreases in wheat stocl<s on farms in each crop d.istrict'

these decreases being proportional to the contribution of

each crop districts acreagie to the aggregate wheat acreage

in the Canadian Prairies, f.or the period used in this study.

On the basis of this assumption, the microequations ind.icate
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that the increase in the aggregate wheat acreage as a result

of 100 bushels decrease in total wheat stocks on farms is

0.446 million a"r"=.4 These results also apply in reverser

when increases rather than decreases occur in wheat stocks
tr

on farms.'

Thus the results obtained in considering wheat price

and stocks of wheat as policy variables show that the con-

clusions by Lhe macromodel differ from those by the micro-

model. However, these di-fferences are not particularly

striking.

Thus as regards wheat acreage in the Canadian

Prairies, the results of this study indicate that as far as

explanatory power, predictive ability and usefulness for

making policy reconìmendatj-ons are concerneC, there are only

very minor differences between the three mod^els examined in

this study. These differences do not appear to make disag-

gregation worthwhile, given the costs of disaggregation.

Similarly, for barley acreage, the results indicate

that there are no appreciable dj-fferences in the explanatory

po\úers of the three models investigated. Vv-ith regard to

forecasting future aggregate barley acreages in the Canadian

=̂Thirteen of the 42 microequations in Table 4.3 do
not have variables for stocks of wheat. Hence any increase
in wheat stocks in the respective crop districts will not
affect wheat acreages in these crop districts and consequently
will not contribute to changes in aggregate wheat acreages in
the Canadian Prairies.

q
'The proportions used in these calculations are as

tabulated in Table A(Bb') "



Prairies, however, there are appreciable differences between

Models I and III on the one hand and Model II on the other.

In the case of barley, where it appears that disag-

gregation e,ither to the level of the crop districts or to

Èhe level of the Provinces gives better results, in terms of

predicting aggregate barley acreage, the differences between

the predictions of Models I and III on the one hand and

Model II on the other, narrows considerably with time. So

that here also it cannot be concluded. that the two disaggre-

gate models are significantly superior to the aggregate

model (Model II) .

The results obtained in this study do not allow any

generalisations to be made in connection with the relative

performances of aggregate and disaggregate approaches in

acreage studies (of the functional type) for wheat and

barley in the Canadian Prairies" If the past, however,

is representative of the future, then disaggregat,ion does

noù appear to be worthwhile, given that in general d.isaggre-

gation also involves greater costs in terms of data collec-

tion and statisÈical computations. Similarlyr ro generali-

sation can be made in terms of aggregate versus disaggregate

studies in general. This is because no discernible

Lendencies !,/ere d.iscovered either in the results of this

study or in similar other studies in aggregation. If any

generalisation can be made at all, it is that f9$regation is

not necessarily bad.
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While the resul-ts obtained in estimating the acreage

response functicns appear adequate, the resulting equations

could benefit from some improvements. For example, in esti-

mating the acreage response for each crop d,istrict, Èhe

leve1 of stocks of wireat in the individual crop districts

was used. However, the total level of wheat stocks on hand

for the entire Prairies has a large influence on the number

of bushels of wheat which can be sold through quotas.

SHORTCOI{II'IG AND SUGGESTIONS FOR
FURTHER R.ESEARCH

Therefore, the total stocks of wheat for the Prairies should

have been included as a variable in addition to the rvheaL

stocks in the individuat crop districÈs. Also, deflatj-on

of the price of wheat by the appropriate weighted indexes of

the prices of competing commodities, may improve the results

of the estimations of the wheat acreage response functions.

Similarly, deflation of barley prices by the appropriate

weighted indexes of the prices of commodities which compete

with barley for land may improve the results of the estima-

tion of the barley acreage response functions.

This study considered. the acreages of wtreat and

barley only. The analysis must be extended to include the

yields of wheat and barley. That is, the total production

of wheat and barley, rather than the acreages of these crops

should be used. This should be done in order to gain a
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In order to do this we first shov¡ that

t3 = r?- (r -r?. )tir *iI *ir*r'

nt

APPEI'IDIX A

to show that

? -z 2 .- 2+ 2orLoL2trrrrr, = I tÃr, Ãrrtt tirr_*r)
i1

s?. = s?, (r - ,?. )-u)Z -*jZ 'xi2x2

We then find similar expressions for trrrr' and 
"urru4r,

Following Grunfeld and Griliches we also make new defj-nitions

for a' and orr. Finally these components of the expressicns

on the left hand side of (A) are brought together to derive

the right hand side of (A) " This is also done for B.

We note from (2.3.19 c) , P. 29 that

vir = xit Bixl

Therefore,
L47



Now,

s2 =s2vir *il

sx- x. -I ].Iu. = 

-

]. b)xi

Therefore,

s2 =s2v. - x. -]-I II

e?sz 28. st *r t *r*ir

ofr

=s2x. -r-I

where,

^2v. -J.I
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(ii)

In Chapter II, we defined aggregation bias for the

macroparameters as the discrepancy between the macroparame-

ters and the meanj; of the corresponding microparameters "

The bias for the macroconstant term, however, was defined

as a discrepancy between the macroconstant term and the ç_um

of the corresponding microconstant terms" It is not imme-

diately obvious why there should be this difference in the

definition of aggregation bias. We show in this appendix

why this difference arises. The treatment here is also an

extension of the three-variable case consid.ered in Chapter

II" In contrast to the relationships discussed on p. 19,

the relationships considered here have disturbance terms.

Consider a set of microrelations which we can write

APPENDÏX A

AGGREGATION BIAS

using the matrix notation âs r

(Ã,. 1) Ai = Xi_ßi + Ui

where Ai is a Txl column vector, Xi is a Txk matrix, ßi is
a kx1 column vector of microparameters, and Ui is a TxI

column vector of microdisturbances. Let the corresponding

macrorelation be,

(A.2)

where

A =Xß+U

i - 1r....,r

l5 0a



(A.3)

and ß is a Kx1 matrix of macroparameters, and U is a Tx1

column vector of macrodistur]¡ances. In order to be con-

sistent with our definition in (4.3) r \d€ take the first

column of X. not as.C (a cofumn vector of T unit elements)
l_

but as (f/f) L? and the first element of ßi not as the

constant term, but as I times the constant term, (that is if

A =I
i

Aii l<=l
i

there is a constant term in 4.1). So that we have,

X.
-l-

(4.3a)
I
r "i2 (1)

t-

Now the least squares
^ _'t(A.4) S = (x'x) ! x'

Using (4" 1 ) and (4. 3 )

^ _'ì(A.5) ß - (X'X) r X,

15 0b

1
ï xiz (r) . . xii. (r)

esti-mate of

_ -1= ) (x'x) -x'xißi
i
- -1= I (X'X) -X'Xißí
i

-'l(X'X) *X')U. and?l_
t-

where n =

error.

A

in (4.4 )

(Ix. e. +
.l_

Tß.
ItI

g

o

o'arK

ß. =a

ß in (4.2) is,

(Ä" 6)

where

we can write,

Iu. )?l_
l_

-1x'x) -x'Iui
a

No!n/

L

+(

+fi

consider the following auxiliary relations"

Xô. + V,
fl-

ô., is a kxk matrj-x of parameters in the auxiliary
l_

is called the implied sampling



relations and V, is a Txk

auxiliary relations.

From (4. 6 ) we can

(A.7) ô

Also,

(A" B) Ii
Using (4"

(A. B) B

-'l. = (x'x) -x'x.
l- l-

ô,
.l_

7) ,

=

matrix of disturbances

= 14, a kxk indentity matrÍx.

we can now express (A,.5) âsr

) ô.ß. + n? t-l-
l_

we can write,

= ß - I ô.ß,, since E(U,) = o' I a t_ l_'
l-

From (4. B) ,

(A"e) E(ß)

Now, define

value of ß,

write,

in the

P

15 0c

the mean of

where

ßi, and ß =II
I

From (Ã..9)

(A. 1o) g

and we can

the microparameters,

1 /tur, \r/ ßiz ìI ;' I\ ßi:. 
I

Now,

(A. 11)

we can write,

ß = I oißi-- ß = i ur(ui gl
I

define (4.10) as the aggregation bias.

cov (6i,ßi) =

ß, aS the true

1r,
IL

1\,
TL

1\.
TL

1ç
rL

t(0, -6)(ßi sll

t(0,

ô.ß.l-' t_

ô.8,l-a

1-ï

1-ï

1
ï

M) (ßi

tIorl

ß) l

= llr^ ,1.1cÉ -11Àui *1rl

ß

ß



Multiplying each side of (4.11) by

\4. L¿ )

Hence the aggregation bias is r times the covariance between

ô- and ß-, and this is the same for each macroparameterl_ a'

irrespective of whether it. is a constant term or a coeffi-
cient" Thus the difference in the definition of aggregation

bias arises from the fact that the first column of the

matrix X in (4.3) is a vector of unit elements and hence to
make (4.3) hold, each element in the first column of Xi had

to be divided by I. This in turn meant that we redefine the

first element of ß., (a11 i) as in (.A,.3a).

T cov (ôi, ßi) = I oißi_

rl

ß

we get,

= i 6i(ßi-ß)

15 0d
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We have,

Ait = qoi * oriPit * ozixit * o3iTt + tit

where,

i - L12,. ... ,r
Let the corresponding macromodel be,

APPENDIX B

where,

-rAr=l^it
L

Þ = I r.p..'t 4 "i- it
a

x. = I 0.x.,t, + I It'
a

ñ I o.T.,r't - + r, rE
a

Let the auxiliary equations be represented as follows:

Pit = rti- + BliPt o ctixt + DtiTt * vtia

Xit = fzr + B2iPt o c2ixt * DziTt * v2it

Tit = fgi + B¡iPt o c3ixt + D¡iTt * v3it

VÍe wish to show that 
'
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I À.g-. =i r.rr

I ôiczi =

1, I^rtu
J.

r, IuirriI

I ,iDsi = 1, lrit3i = IriBsi = Iri.ri
i¡J^iii

In order to do this let us rewrite the

relations and the auxiliary relations

as follows:
(8"5) Ai = xiFi * Ei

= IÀ,c. =tl-Lt

= Iô.g^. =1L¿]-I

IÀ.o-. =t l-lLt

Iô.o^. =tl_¿L
L

where A. is a txl column vector of the values taken by the
t-

endogenous microvariable; Xi is a t,xk matrix of the values

taken by the exogenous microvariables (k=4 in this case);

F. is a kx| column vector of microparameters; E.: is a txl-i L

column vecLor of microdisturbances. Let the corresponding

macrorelations be

(8.6) Ä.=XF+E

where,

l^tutr.

I uturt.
L

= 0;

1,. tr ar= 4tiu3it = ui
L

micro- and the macro-

in the matrix notation

152

= 0;

and F is a kxl matrix of macroparameters, and E is a tx]

column vector of macrodisturbances and' pi is a scaler used

in weighting Èhe columns of X. "

Let the auxiliarY equations be

(8,7) xi = xci + vi
where C. is a kxk matrix of auxiliary coefficients and V.

L 
1 ---- l-

is a txk vector of resídua}s in the auxiliary equations. We

r=Ì"r; X=lor*,

i = ].12r..."rI
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in the regression of Pit on

By reference to (8.4 (a) ) , \,'ùe

= Iri .lnr.Pir = o
r- t,

Now, the matrix

the matrix (X'X)

represent a typi

Similarly, let n

Ëypical elements

) tt., *P* is the e
Ë
the identity mat

zero" That ís,

Intr IÀini.Ëa

nstant term

ariables.

InrtPt =
Ë

lnr.ni. 
is the co

nd.ependent macrov

therefore, write

Intt"tt =

I^t lnttntt = ì^tttt = o

We can similarlY show that

l^t",.,.=l^torr=o

rti

(B.8)

No!.I ,

the i

can,

That is,



f 0. 1.. = f uJ. 8.. = Io. c"., = o
irra irrr ïrra

ble can also show similarly that

IIiBri = Iôiczi = Iriori = I
LLr-

It can easily be shown that Fp.,V-,.,- = O, where j indicates
i' r_ JaË

that the disturbance terms being referred to belong to the
.thj-'^ auxiliary equat,ion (j = 1, 2, 3) " From (8"7) and using

the least squares d.ef inition for Ci, we can write

tt"ji - *i XC, = X, x(x'x)-lx'x'

That is,

Iottrt = IôiB2i = Iororr- = o
Llr-

That is,

Iortr, = ìor*, x(x'x)-1x'ìor*, = ìor*, rlpixi = o
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Coefficients of the Auxiliary Equations for the
StaLic i'ile ,:r-t I'iociel, i;iten the Ðependent

Variable is '![heat Stocksa

Crop
d is tric t

MANTTOBA

Ta bIe ,q.. B (.ì )

1
2
7)
4
5
6

l
B

9
10
11
L2
L3
t4

ti

4983.59+2
5l.22.O274
8767.4343
ror5"a766
4Or4"5620
4r5.2995

Ttr.oo )Ê,tq
))JJoLvL)

1506 "9757
2999.1854
4937.4498
3414.6849
g22.BB7B

I292.0429
rr53"6098

Ðu-.
Il-

-2+94.628r
-2565 "9233
-4188.6975
- 508.1650
-2OO9.5615
- 207.8857
-180r. 6758
-1755.4790
-L50L.3965
-247L.5297
-L7O9.2822
- +6r.9682
- 646.7554
- 577.4602

SAST(ÀTCHEI^¡AN

l_4,

1B
2A
29
,AS
,AN
?Dõ)ÐÐ
]BN
4À
4B
5A
5B
6A
6B

7A
7B
BA
BB

9-4,

9B

ttt

180

.008675
" 0089r6
.01526r
.oor767
" 006gBB

"ooo721
"oo6265
.006105
"oo522l
.008595
.oo5944
.001606
.oo2249
.002008

Dti

- 701"572r
- 4B].4BB3
- 717 "8927
-1115 "4L92
-rr49 "7398
- 614.9309
- 840"85+5
-1184 " 0604
- 394"6868
- 652"O9L2
- 960.9765
_ 926"6559
-1544"4266
-r2r3,3BO9
-1081.0986
- 840"8545
- 480"4883
- 823.6942
- 858.0148
- 53L"969r

-24.l-208
-24"7909
-42.4348
- 4.9L35
-L9.4307
- 2.0101
-r7.4206
-16 "9719
-t4.5r72
-23.8975
-16.5272
- +,4668

a 
^r--

- 
h /h^hv.c2)/

- 5.5835

E_.lr-

2O4.4656
zLO.r+52
359.7080

4r.6504
16+.7O84

17.o3BB
r47.6696
I+) . óó)¿
r23.O5BO
2O2.5724
140. 0968
37.8640
53.0096
47.3300

624.57to
+¿o.r)õt
655 "0179
990.1735

LO20.6404
563.6372
746.4385

ro5r.ro13
75o"369L
578.8707
855"O726
822"6057

L37r.OO95
ro3r.5742
959.7067
7 46 " 4385
426 "5163
73r"2O5r
76r"6720
472"2166

.027808

.01899r

.029165

.044086

"o45+42
.025095
"05323+
"o46799
" 015600

"025773
.o57982
"036625
"061042
"o4gr55
"o42729
.013234
.018991
.032558
"o339L2
"021026

- 6.5193
- 4.4932
- 6.9002
-LO.4306
-ro.1515
- 5.9374
- 7,8630
-rr.0724
- 1.6908
- 6 "0979
- 8.9861
- 8.6654
-L4.4423
-Lr.3934
-10.1096
- 7 "e650- 4"4932
- 7.7026
- 8.0215
- 4"9746

15.9232
LO.B744
16 "6999
25.244r
26.0208
14.3697
19.0101
26.7915
8"9125

T4"75BT
2r.7487
20.9720
34.9533
27 .57 43
24 " 4673
19 " 0101
to"B744
18" 6418
t9.4185
t2.0395



Crop
district

ALBERTA

T

2

3
4A
4B
5
6

7

Table À,8 (a) (continued)

h

-4182"1679
-t6]o. +5L5
-5912"6829
-1709.8030
-3825.7544
-r19r.L76t
-t738.9702
-1941. BSoo

42
T

i

D
"fi

a"__*These coefficients lvere obtained by regressing the lrheat stocks
in each crop district on the macrovariabl-es Pw_Z, S*, M, and T

(these variables are as previously described). The constant terms in
these regressions are the lïr, ivhile Brr, C,_r, Dlr, and. Er. are the'
coefficients of P-- n, S-_, M, and T respectively.w-¿' W'

As mentioned in chapter IIf , the constant terns l'r. and the

coefficients B--, 0"., and E-- should. each sum to zero over al-f i (i'e.
t-l_' f l_' Ja

tine 42 crop districts). Similarly, the coefficients Cr. should sum to

l- over all i. The figures in the last rorv indicate the d.eviatj-ons fron
these values as a result of rounding errors.

t297.5592
2083.9587
l-06l-"6393
1006.5gr+
1.O58.O471

377 "4718
47t.8397
526.8877

n
ta

L"2600

.039816

.063979

"032597
.o1o9o7
.o3LB69
.011589
.014486
"016176

D_.
l_l

181

61.1295
10].7110

51. Br50
49.t283
50.6636
tB.421r
23.0289
25.7L56

-o.97 40

D-.
I1

-376.4551
-604. 6100
-508.0088
-2g2.O1BO
-5OL.L642
-ro9.5L43
-L36.8928
-t52.a636

.999999 0. o04B o.0232



Coefficients of the Auxiliary Equations for the
Static 1fheat Modet, lnlhen the Depend.ent Variabl-e is Moisturea

Crop
dr s tric t

MAN]TOBA

I
2

3
4
5
6

7
B

9
10
11
I2
L3
1L

Table ,q.B (b)

L.
¿L

- 46.23
r2r.91
39.54

- 11.67
71.L2
r4.37
25.r5

- 15.68
_ '7n, '7AIV' IJ

IOB. l1
95 .46

273 .7 4
7.57

- 51.42

¿1-

27.85
-106. gB

- 16.84
109.08

- r4.o5
6.56

- 59.40
- 26.84
- L4.r2
- 19.34
_ F,2 A.l)1.v I

-Lr7.76
- 12.22

44.L8

SASKATCIMWAN

1A

1B
2A
2B

]AS
5AN
]BS
]BN
43'

4B
5.À
trD,)Ð

6A
6B

7A
7B
BA

BB

9A
9i)

cz¡

182

0.000025
0.000072

-0.0000t7
-0.000089
-0.000056
-0.000049

0. 000071
0.000010
0.000015

-0.000042
-0.000021
-0.000069
0.00008,

-0.000085

D^.
¿t-

5.92
r.62

- 14.82
7.84

_ 7+.82

"qo). )J

- 25.28
ZÃO). ))

_L49.IB
- 15.44

56.76
1AA 1ALJJ'LA

- 55.84
-r27.6r
- 96.68

T4.27
rzl.65

- 38.56
95.8O

- r.j.59

noq
'l 

"o
t.47
0.09
1.09
1. 15
r.65
r.52
2.26
o.95
1. 40
o.68
1.06
1.05

E^.
¿)-

- I3.L6
5 -76
2.68

- 7.06
2.68

- 10.06
- 4.20
- 10.06

19. B0
o.77

_t1)7
LL' L)

- 79.58
t3.84
90.10
42.1r

- B.OB
- 59.o7

47.L4
- 1r_.16

L7.06

-o.677
z a1a). a!¿
2.458

-L.638
-0.537
L.567
2.601
5.r1r
2.727
t.477

-o.446
2.966

-o.465
2.r5+

0.000011
0.00001,
0.000058
0.000017
0..000018
0.000000
0.000016
0.000000
0.000005

-0.000002
-0.000088

0. 000004
-0. 000018
-0.000045
-0.000007
-0. 000095

0.000049
0. 000001
0. 000017

-0.000057

1.11
0. 86
0. gB

I.2T
aì oa

r.o2
T.I1
L,82
2.O2
o.7 4
r.34
0.60
t.43
0. 81
0.g0
o.96
0.91
r.00
o.34
1.19

0.866
-7.O49
-o.954
-2.292
-o.954
L.59l-
2.266
T.59I
3.273
r.807
0.389
0.865
0. 076

-1's9o
1.069
4.O78

-r.555
-). (o I

-3.660
-L.7J6



ATBERTA

1
2
2

4A
4B
5
6

7

Table ¿.e (¡) (continued)

-65.28
_aA a'7

11.00
IO.52
11. 85
23.47

-43.7r
-66.98

42
x
i

asee footnote (a) for Tabl-e AB (a). The dependent variable used
in each of these auxiliary regressions is rainfall; the independ.ent
variables in each case'Frere the macrovariables Pw_Z, S*, M, and T for
which Brrr C2.t, DZi, and Er. are the coefficients respectively, while
li. is the constant tern in each case. Since the nacroparameter M was'¿r
obtained as a weighted. average of the rainfalf mlcrovariables (Mi), f_r,
B1r, Cr. and. E.,., when accordingly weighted. should. each sum to zero over

48.83
19. 86
l6.69

B. 85
l-2.3O

zno). lo
18.90
85.40

0.000052
0.000081
0.000079

-0.000061
-0.000004
-0.000092
-0.00004r
-0.000087

l-4.64

183

- /.a-Lr r- ( r . e. ¡ne 42 crop districts ) .
A:B(b' ). Sinilarly, when accordingly

figures in the last row ind-icate the
result of rounding errors.

4.77 0.000002

o.92
1. 14
o.43
o "82
o.45
1.01
1.68
0. 84

-3.46r
0. 711

-3.7r+
o.r29
o.799
o.53L

-v.o¿ I

-r.625

1.02 -0.0716

The weig,hts are íncl-uded. as Table
weighted, DIi should sum to 1. The

deviations from these vâ]ues as a



Crop district

TableA.B (b')

tr{eights Used in Constructing the
Rainfall Macrovariable Ma

M¡.NÏTOBA

1
2
7

4
5
6

7
B

9
10
11
T2
L3
T4

SASKATCIÐI.IAN

1¡,
1B
2A
2B

5AS
,ÂN
5BS
]BN
4A
4B
5A
5B
6¡,
6B

7A
7B
BÂ
BB

9A
9¡

Weight

184

"070022
.010101

"ol-7672
.oo2o42
.008074
.000855
.o07238
.oo7051
.006032
.oo9930
.006867
.001856
.oo25g3
.oo232o

.o27827

.019004

.o29t]4

.044A16

.o45473

.o25rt2

.033256

.046830

.015610

.0257gr

.)3BOO7

"036650
.061081
.048188
"o42758
.\))t¿16
.019004

"032578
.033935
.021040



Crop district

ALBERTA

1
2

4Â
4B
5
6
7

Table A.e (¡') (contlnued)

"Tubr" ¡.4 (¡')
See footnote (a) rmd.er
chapter ïV, F.

l{eieht

"037703
"060553
.0l0B4B
"o2g24g
"030162
" 010968

" 011710

")L53LO

185

is to be used
Table n.e (¡).

in conjunction
These weights

with Tabl-e ¿,8 (¡)"
are explained i-n



Coefficients of ihe Âuxiliary Equations for the
Dynanic Wheat Mod.el, when the Depend.ent

Variable is llheat Stocksa

Crop
d istrict

MÀNÏTOBA

I
¿
7

4
5
6

7
a,

9
10
11
l2
l?
I+

SASKATCHEI/,I¡,N

1A
1B
2A
29
]AS
]AN

'BS
'BN4A
4B
5Ã
5B
6Â
6B

l¡r
7B
Bi,
BB

9A
qR

Table ¿. g (a)

f.t

354t.3642
1619.7154
6270.1777
72r,1890

2852.7656
295.rr37

2557 "65L9
2492.O7LL
2t31.1766
3508"5718
2426 " 4903

655.8082
9LB.t3L5
BL9 "7602

D"ri

-1539 "8542
-1582.6219
-2709 "OO27
- 1L3"6740
-r24O.438r
- r28.12I2
-1112. 1169
-1081.6011
- 926.764r
-1525.5961
-LO55.0853
- 285.1582
- 399.22L5
- 356"4477

c_.lr-

186

"oo7944
" 008165

"or3976
.00r618
.006400
.000662
.oo5738
.oo559l-
. oo4781
.007871
.0o5443
.001471
.002060
.001819

Dti

-1180" 4055
- 806.1106
-1237 "9861
-l'877.3746
_-l orR 06trzL)1v. JJ//

-to65.2440
-r4ro"7285
-1986"536L
- 662"\787
-ro94"0344
-1612"2612
-1554"6804
-259r.r340
-2044.rt68
-I8L3"7938
-L4LO.7285
- 806.1106
-r33r.95BL
-1439.5L89
- 892"50L7

236 "6t88
243.r9r5
416.2737

48.2OO7
190.6096
t9.7rB2

L70.89L3
166.5095
r42.4094
234./,.278
L62.1277
43.BrB5
6t.3456
tr.A.7.7)A
)A' I I LJ

El:.

L8r2.9651
1218.L227
l-90I.4027
2874"2L34
2962.6507
1636"O9O7
2166.7147
1051.0880
roL7.0293
7680"3091
2476.2454
2387 "B0BO
3979 "6800
3159 "5254
2785.7760
2L66.7L47
1218.1227
2t22.4960
22L0"9i34
L370"1787

- "0836
-.0860
-.r47r
-.0170
_.067 4
-.0070
-.0604
- " 0589
-.o5o1
-.0829
_.0573
_.0$5
_"02l-7

-"or9+

.027709
"or?921
.o29o6t
:o43929
.o45281-

"025006
.o13Lr6
.o46652
"0l-5544
.025682
"o37846
.036495
.o60825
"047984
.o42517
"o13rL6
.or]923
,032440

ô-{î7ô'
.vL') | )L

"02095r

12.t9r5
2r.gB44
31.7618
5l-.0153
52.6056
29.O5OB
78.4727
54.r759
18.0586
29.8360
41.9688
42.1985
70.6642
55 "7 462
49.4650
58. +7 27
2r.9844
-- aõ-a,/.oÕ/o
7A )tr.-/A
tA ?<ooca . ) ) J J

-.0884
-"0604
-.0927
_.1401
-.1444
-.0798
-"1056
-.1487
-.0496
-.0819
-,l-207
-.1164
_.]940
-.t53t
-.1358
- " 1o5o

-"060+
-.ro55
-. 1078
- " 0668



Crop
d is tric t

J,Ï,BERTå

1
2

1
4A
4B
5
6

7

Table ¿.9 (a) (continued)

11I -.I1

- 659 "7642
-7059"6213
- 539"8071
- 5r1.8171
- 527.BLr+
- r9L.91r4
- 239.9141
- 267 "9043

42
v

l_

D
"1i

a-.-These coefficients
stocks in each crop district
À - ( the=e variables are as

L-l-
in these regressions are the

regression coefficients of P

_4943"6894
-7939 " 8648
-4044.8368
-3835"rO45
-3954.95l-5
-1438.t642
-L797 "7052
-2001 .4375

c_.
l- r-

1 " 4601

As nentioned. in chapter III, [., Bli, D1i, and Er. should each

snm to zero over all i (i""" tine 42 crop districts). Similarly, Cli
should sun to l- over all i" The figures in the last row indicate the
d.eviations from these values as a result of rounding errors.

187

"o4t347
"o66406
.o37B3O
.o32O76
.o33O78
.012028
.oL5O35
.0167go

Dt:-

-0.9960 .99998r

-49r"0485
ñ^^ a-e-- IöÕ"o2) I

-40r.7670
-38o.9346
-392"8388
-t42.8505
-I78.563I
-1 OO zoqÃ¿JJ' )JJ)

were obtained by regressing the wheat
on the macrovarÍables Pw_2, S*, T, and

previously described.). The constant terms

I-ar, r'rhil" BI' Cl-i, Dli and Er. are the

w-2, S", T, ttd At-1, resPectivelY.

Ett

"4855
"7765
"3956
"775r
"3868
"L406
.I758
"L967

o.o2o5 ,0001



Coefficients of the Auxiliary Equations for the
Dynamic hlheat Mod.el, lrrhen the Dependent

Variable is Lagged. Acreagea

Crop [-:=, '¿L
ol_s Irl_ c I

MANÏTOBÁ,
1
¿
7)
4
5
6

7
8
9

IO
11
12
L3
L4

SASKATCIüTAN

Table 4,9 (b)

ro2.27OL
-32"3432
3rr"9067

20. 6111
96"2305

9 "7377
52.82l-9

tzo"0737
79 "7088

-r3r"r52L
- 62.8779
- L4.L1B6
- 74"670L
- 50"7758

D
"zl

+4"7769
169 " or8o
-86"9286
-10"811]

96 "6222
I.O172
2.1L23

55"2920
l.B.3713
7r"372+
60.7r3r
3r"9940
45 "2970
54.7527

c^.
¿L

1A -2gr"2ggo
18 -254,7860
2A 9+"3446
2B 52"0297
IAS 35I"5I92
tAN 225.6973
IBS 554"620r
,BN 340.7t27
4A 32r"8L32
48 85.8568
5A -483"5195
5B -818"3030
6A -445"8OL6
68 2"8562
7A -55o"5BBo
7B 132"8126
BA -395.1455
BB 44"5L87
9A -rO7 "2498

-0.000122
-0.000082
-0.000102
-0" 000008
-0" 000051
*0.000002
-0" 000069
-0.000040
-0.000022
-0.000066
-0.000085
-0.000012
-0.000010
-0.000014

188

D^-
/L

6 "7659
11.7817
B.5OB9
I.T2T5
4.7662
0.5190
5.+16r
7 "6989
5 "8569
9 "5577
7.9070

- 1.1054
2.313+
2"3713

E^.
¿t

l-9.4rr7
_ 2.8477
- 50.7983
-186.0630
- BB.32B)
- BB"4r53
- 52.4689
- 50.0976
- 59.8097

25.7150
70"1632

26r.1519
-L3B.6910
-I78"9715

15"7555
-r3\"9547

2I2"L186
-r59.7e53
- Lr"6766
_ 2L"7g6B

o"oo45l
-0" 00111_

0" 01141
0. 00215

-0.00182
0" 00051
0.00544

-0.00077
0.00101
0"0L244
0.00500
0.00110
0.00211
0.00015

-0.00017,
-0.000186
-0.000115
-0.000052
-0" 000021
-0.000167

0.000061
o.000264
0.000028
o"ooo337

-0.000125
-0.000216
-0.000109

0" 000056
o.ooo235
0. 0001gg
0.000061
0" 0001go
0.000011

-0. 00001 t,)y

r7.4289
l8"5259

5.2096
- 4.6411
- 3.o5o5

2.O747
5.L4r4

-r0.1850
1. 0119

_ 8.8551
13.5663
15.6212

-14. 6Be5

-ro.1066
-10.0640

r.L943
o "7 655

_9. tq1 Àv. L)¿a

-5.2158
-6.1258- 8"0154

o"o33oo
0"02489
0.02800
o.05577
o.o77tz
o.02306
0.01149
o.01+50
0.00581
0.oL77g
0.04801
o.04862
o"09798
o"06229
o"0625I
0.01249
0.01804
0.04080
0.03975
O.025=;9



Crop
district

A.LBERT¡.

Tab]e 4"9 (b) (continued)

I
¿

1
4Ã
4B
5
6

I

l-
¿)_

474"491L
964"7754

-956"28a8
561"7470
274.8550

-"RO n.701
JvJ.v I JL

-ro4.19+9
- 80.3465

DJ^.¿r

42
x
i

L15 "8299
25B"\BTO

-564"9071
5 "l-409

7I.IOB2
-26"654L
r+r"75r9
LL4.94o3

tTh"=u coefficíents rvere obtained by regressing the lagged.

',+heat acreage in each crop district on the macrovariabl-es Pr_2, Sr, T,

and A- , (these variables are as previously d.escribed). The constantt-1
terms ín these regressions are the lrr, whilu Bz._, CZi, Dz._, and- Er. are

the regression coeffi-cients of Pr_2, S", T, urd At_l-.respectively.

As mentioned. ín chapter IfT, tìr, tl., CIi, and. Dr. shoul-d each

sum to zero over i. Similarly, Eli should sum to 1 over all i (i.e. the

42 crop districts. The figures ín the fast ro,r¡ indicate the deviations
from these values as a result of rounding errors.

c^.
¿I

- 62-57+t

0.000012
0" 000158
0.000759

-0.000142
-0.000407
0.000215

-0" 000107
-0.000068

Dzi

189

- ro.2674

L6"r29O
57 "6317

-147.9969
L7.0756
28.8695

-38.6965
- 0"7898

o.zlga

E^.
¿T

-0.000025

o"oo374
-0.01811

o.15374
o.oo422
0.01052
0.01942
0.01008
0.01116

o "9977 1. 00205



Aggregation Bias and fmpJ_ied Sampling Errors of the
Least Squares Estimated Macrodisturbances of the

Static 't{heat Acreage Response Equationa

ï
v

i

t953 1252.62439
1954 - 725.83838
7955 1100. rgo4g
1956 - B20.Br57r
1957 -1316.02720
L95B _1397.II893
1959 1050.24875
1960 3O7.2735r
1961 ror.53474
196z 119.11604
7963 - 524.1862r
1964 r25t.59192
1965 - 980.73190
1966 r29a.17782
196l - 4.77902
1968 - tog.3o5go

e
rf

(i)

Tabl-e A. lO

I
? *2i 'l_it
l-

(z)

71'7 tr,A.^O)
/Lt.Jev)L

-1220.61662
-r52r.r5g]5

7 45 .30661
r52r.29553
870.7748O
47 4.78712
296 .42356

-1019. L26r7
- 212.1683l

890. 00174
- 196.94148
- 223.41544
-1823.77789

932.81175
168.r9789

I
x
i

d-. V^.,
)I ¿IT

3)

2O4.2366
- 65.1869
- 82.5119
_)20 tt1^LL J. LLLV

165. 1190
_ '70 0F,7)

I J. ))JL

l¿6 ¿56q

- 5.5618
- '7 A'7 7Ê,t.al))

9.4505
-206.4155
20L.3219

-167.5617
75.0663

- 33.7622
77.Or9O

190

*The figures in the tast column of the Tabl-e are the estimated.least squares macrod.isturbances (B.wl.l. ). They are made up of the sumof the estimated least squares microdistrubances (f 
"rr), ih" 

"gg""gationI
bias due, respectively to the coefficient of stocks of wheat (f o1 ur-rr)

l-
and the coefficients of noisture (x o^. vr.,*), and the irnplied sampling

i )t ¿LL

errors (f.S.n.). The microd.isturbances and the micropararoeters ar. and.

t31 were obtained from the l-east squares regressions reported in TabLe
A'.1 the residuals Vlit "td V2it t"t" obtaíned from the auxiliary regressions
reported in Tables a¿ (a) and A,g (b); the r.s.E. were obtained as thepredicted val-ues of I u1 by regressing r uit on the macrovariabr-es p, .

l- -- , r-l
Sr, M, ¡.ud T. these variables are as plevioi-isly ciefineo ior TabÌe A.1.

-rcEl

(+)

-163.48002
598.95517
758.27536

-152.63860
-76r.61806
-4I5.23715
-227.603tO
-202.19979

52r.96970
oa 12'7ÕA

-421.66758
2OB.83069
IO3.1OO92
927.o66tt

-462.69812
-2O1.58825

E. M.D.

(t+zú++)

1610. 96789
-r4r2.68677

254.77 +rO
- 657.36864
- 19r.23071
-1021.57448

T442.88827
395.93148

- 403.04523
LU. )¿r¿O

- 26+.26155
1264.80503

-1268.4r4r2
47 4.51234
43r.5924r

- 467.47726
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