





TI.

ITT.

VI,
VII.
VIII.
IX,

XI.
XTI,
XITzI,

LIV,

XV,

XVITL.

IVIIT.

CONTENTS

Models and Struclures

Measurement of BEconomic Variasbies

- Construction of Composite Units

- Types of Analysis

The Need for Aggregation
Approaches to Aggregation
The Treatment of Disturbances
A Specific Econometric Problem

Alternative Assumptions

Effects of Aggregation on Disturbances

The linear Form; General Case

The Iinear Form, Special Case g=2
The Parabolic Form

The Iinear Logarithmic Form

The Exponential Function

The Power Functicn

The Ratio ILogarithmic Function

Suggestions for Further Research

[9)} = w

10
13
18
23
27
33
38
L3

- h8

50

57






1.

Models and StyucburesS:

Econometric analysis is concerned with the empirical investigation
of quantitative relationships between economic variables as envis-
aged by economic theory. The analysis is related to the concept

of & model, and its outcome defines a certain structure. By a .
fodel we mean a given hypothetical set of (one or more) relation-
ships which relate economic variables tg each other in e well- '
defined menner, each of which aiming at explaining a certain econo-
mic phenomenon.  This might lead to the introduction of non-economic
magnitudes which are either variable or relatively constant, hence
the term "parameters". In theoretical analysis one can do without
an explicit formulation of the exact functional relationships, pro--
vided sufficient information is available for defining relevant
properties (e.g., first derviatives). For econometric investigation
this is not sufficient.

. Threé conditions have to be met before a theoretical model is
to be con31dered as workable from an econometric point of view:

1. The explicit formulation: of relationships; definlng their form,
and the parameters to be included.

2. The definition of variables in a manner which makes them capable
of actual statistical obsérvation.

3. The specification of the distributions of stochastic variables
which have to be introduced in order to account for discrepancies
between ideal and observed concepts (errors of observation), and
between theoretical and actusl economic relationships (errors of
equations).

By a structure we mean a given point of parameter values which
the model assumes in a particular case. Thus a model is the complete
set of structures which satisfy its full specifications. This implies
that the relevant parsmeters are not only those of the functional
economic relationships; they include also the parameters of the dis-
tributions of the stochastic element. If we confine ourselves to the
former group of parameters, we would be dealing with a purely economic
structure, related to a given sconomic model. But if we include the
wmlete set of parameters, we would be dealing with the full econome-
tric. structure corresponding to a given econometrlc model. (1

(I} In many cases in Epe literature an econometric medel is meant to

satisfy thefirstktwo conditions only. This has led to a confusion of
the term "econométric" itself.
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Measursment of Economic Variables:

Whether for purposes of theoretical analysis or of economstric
invegtigation, it 1s of fundamental importancé to define precisely
the dimensions of the economic variables to be included. This
requires the. gpesification of the axast types of units of each of

‘the following agpeclss

1. The econowic agenbss individuals, groups of individuals and
organisms. ' -

2.  The economic entities: commodities and groups of commodities,
defined according to their nature and usss.

3. The time unit of measurement. In this covmestion we havs ie
NS s ke ; _ v >
differentiate the timmeless stocks and ratios (e.g., prizes)
from flows. Even when we choose to considser flows ag con

Punctions of time, their expr9531on should be in terms of glven

time rates per dlsﬂrete time units.

- It can be easily noticed that in each case one could differsnt
tiate elementary units of measurement, below which any further sub
division is either impossible or operationally meaningless. Ax
other units should be considered as composite uriis which san be
defined ag given functions of elementary units.

Thug the siementary unit of economic agents can be considsred
as the smallest unit capable of formulating and implsmenting desi-
sions with respect to a given economic phenomencun. For exampls the
individual consumer is such an elementary unit, bthough it might be
a group of matural persens forming a household. Similariy for an

indlvidual firm. If we apply this principle we can say thabt Govern-

men+ itself is an elemsntary ageal with respect 4o certain types of

. tions.

The elementary unit of ecomomic entities is directly

- related o thé conceph of commedity. It is known thab

the homogenedty condiiion should be strictly satisfied, mearing by
that the perfect substitutability with respect to a given fyp2 of u
or operations. However, there is a certain important differencs
between this elementary unit and the former ome with respect o ast
measurement.  Thus 1if we consider the purchase of a given comrodity
by a certain consumer, we have in mind the number of units of that
commodity purchased by that single consumer. This means that the r
Ivant unit of measurement relates to the nature of the commodity.

‘

.,,onj although it is congtitubted of a number of separate administra-

e,

aal

-

But
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the actual magnitude relates to an individual consumer. Further,

the concept of the price of the given commodity is directly related
te the commodity itself. If prices are the same for all individusl
consumers, then there is no need tospecify Maccording to consumer.
The concept of price remains the same although its exact magnitude
might change if consumers pay different prices for the same commodity
(e.g., in different markets).

The role of time is a mulitiple onme. Thus in dynamic analysis,
or in actual measurement, the values of variables change over time.
This applies to stocks as well as flows. But from a dimensional
point of view, one has to determine the elementary time unit with

.reference to the operations studied. Thus, the elementary unit of

analysis should relate to the period of time necessary for the im-
plementation of ome single decision. This raises certain complica-
tions for the eeonometrician: :

1. The elementary unit of time differs according to the type of
decision. : ,

2, It need not concide with the unlts used 1n the actual collec-
tion of data,

It is clear that actval statistical observations relate to composite
time units, which are found to be convenient for collection of data,
especially on economic flows. However this raises certain diffiecul-
ties with respect to the measuirement of varisbles void of the time
dimension, namely stocks and ratios. The solution of these difficul-
ties is found through familiar statistical techniques (e.g.; averages).
This envolves an aggregation procedure which is of a relatively simple
nature. Other aggregation problems, relating to the other types of
units are of a more complex nature.

Construction of Composite Units

Starting from elementary agents, onme can construct a large varisty of
composite units, according to a well-defined principle. For example,
we can group together all consumers within a given market, or economy,
or belonging to a given region or a given social group. -Again firms
belonging to a givenbranch or sector, or falling within acertain class
of 31ze,or using a certaln technlque, can be grouped together. .



.

Further, the aggregation might be carried out at a series of
stages, The first stage, which'is concerned with the aggregation
of elementary agents into certain groups of agents, can be consi<
deredcas primary aggregation. The following stages canbe:eonsidered
as cases of secondary aggregation. In each of these stages the
aggregation is done over aggregates obtained through primary or
secondary aggregates to obtain more composite aggregates.

The same applies also to economic entities. From the elementary.
units we can construct groups of commodities such as food. Further
composite units can be constructed from these latter, e.g. total con-
sumers' goods.\?hil@ the aggregation of:ggonomic agents usually emvolves
simple processes of bummatlon, the aggregation of economic entities is
gemerally more complicated. - For example, it is not possible to add up
quantlties of different commodities,even though their physical units
are the same (e.g. tons). Index numbers are an attempt to approximate

E quantity and; piice composites. The abundant controversy around this

subject is a clear indication of its complexity, as well as its ambi-

guity. We have to observe also that the attempt to solve the index

numbers problem without reference to the exact context in which they
are to be used is responsible for many of their shortcomings.

Supp051ng that a convenient unlt of time (usually- composite)
has been chosen; we still have to determine the level of measurement

- of the other two aspects of economic variables: Their combination

Yields four categories

1. Variables relating to elementary agents and elementary entities

2. Variables relating to elementary agents and composite entities.

3. Variables relating to composite agents and elementary entities.
hoo Variables relating to composite agents and composite entities.

In other words we have toc comsider cases of;no aggregation, of aggre-
gation over entities, agents or both.

Types of Analysisa

It is customaty, in economic analysis, to differentiate the micro
and the macro levels. Ideally the micro-snalysis will be concerned
with the interpretation of varisblesof type(l) although this might

- be done with reference to variables of other types. On the other
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hand macro-économics is essentially concernéd with the inber-
pretation of "broad aggregates", i.e., variables of type (L).
We have to allocate types (2) and (3) to -either branch of ana-
lysis. This has to be done according to a precise definition of
the two branchesg in an exhanstive and a mutually exclusive manner.
Accdfding to Bﬁéhaﬁ‘and Clower:(l)‘

'"Broadly speaklng, microaconomics i is concerned, flrst with

Speclfying alternative possible decisions that an lndiv1dual eco-

‘nomic unit . might make and, . second, with describing the process

by whlch de0131ons are selected from the admissible alternatives".

Thls deflnltlon empha51zes the deC151on—mak1ng problem at the level
of the elementary agent, However, it is not a universal one. Thusg,
Hendersewm and Quandii? ) would consider micronmics as: "the study
of the economic actions of individuals and well-defined groups of
individuals® This latter definition is more in line with the more
traditional subdivision of economics into.price analysis and incoms

o analysis. 'The term "well-defined groups of individuals" can be seen

“to mean those groups which are related to an. elementary entity
:Accordlngly this deflnltlon implies’ that microeconomics is essentislly

the study of elementary entities whether in relation to elementary or
composite egents. It follows that macroeconomics would be "the gtu udy
of broad’ aggregatns such as total employment and national income".

Therefore, microeconomics includes categories(l) and (3), while macro-

 economics” deals with (2) and (h4). According to the former definition,

microeconomics would deal with elementary agents, categories(l) and
(2), while macroeconomics deals with ecategories (3) and (). Hence
the study of market equlllbrlum for -a single commodity was classified
by Bushaw and Clower as macro- economic, while it was included by
Henderson and Quandt in their treatment of micro- economics

(1)

(2)

oo oo

G W Bushaw and R. W, Clowers Introductlon to mathematlcal Economics,
. 102. Richard Irw1n, 1957. 7 :

M. BHenderson and R.E. Quandto.Microeconomlc theory ~ A Mathematical
roach, p 2 Me: graw Hill, 1958 o
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In justlfying the need for a separate discipline for the study of
macro-esccnomics, DPermbiwrg and McDugall have emphasized the a%e?ts
rather thew the entities aspsct. They stress the fact thats(3

“Aggregate economic behaviour does not correspond to the summation
of individual activities". .

What could be ineluded in the ceteris paribuo clause in micro-analysis
need not remain so in macro-ecomomic problems. In other words the

lists of exegemous and endogenous variables are different. According

to this point of view; the study of market equilibrium belongs'to the
field of macro-sconomies,  However, the awthors confined their monograph
to problems arising in comnection with category (L) only. The same
emphagis on the aspect of studying the behaviour and activities of ine
dividuals as the criterion diff?fﬁgtiating micro—economics, appears
in many parts of the literaturei”/ However, a precise definition of
the two disciplines should be based on a better understandlng of the
role of aggregation.

The Need for Aggregations

The economic theory of any model rTuns in micro- terms, based on deci-
gions taken by elementary agents (5 ). This means that we basically -
possess micro-relationships, i.e., economic relationships explaining -
variables of type (1). Im principle, there is no difficulty in for-
mulatlng such relationships and discussing their implications so long
as the analysis is partial. For a general study, i.,e., the studyref
‘the whole economy, we can always think of a model which encompasses

a whole setup of such micro-relationships. Such a model wonld infact
be quite cumbsrsome. ‘Further, there might be some need to concentrate
on certain aspeot¢ at the aggregate level.

Achnrdihgiy it is found convenient to develop economic models on
the basls of broad aggregates whieh attempt at explaining variables
of category (L). On the other hand, ecomometric analysis might

€)
(L)

(5)

T. F. Demburg and D M. Mc Dokgall: Macro-Economics - Tho measurement ,
Analysis, and §ontrol of Agggggate Economic Aetivity, p.2 MoGraW-Hill
1960.

See, e.g. R.G.D. Allew: Mathematical Economics, p.- 69h"Macm111an -
19565 C. Abraham and A Thomas: Microéconomie; Decisions Optimales
dans L'Entreprise et dans la Nation, p. IX Dunod, 1966

.

Allen, op. cit.
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make it necessary to reconstruct the micro-relations into a macro
form before subjecting them to empirical verification. For example
a micro-demand-function for a commodity such as wheat might be ex-
pressed in terms of individual income,wheat prices and the prices of
many related commodities. If we do not possess statistical informe-
tion at this micro level, we have to replace it by a macro-fumction,
in terms of aggregate income, Wheat price and a general price index.

Both in economlc analysis and in economebric 1nvestigat10n the
gquestion must be raised: What is the exact relationship between the
micro- and the macro-relationships? The present conditions are such
that the two disciplines co-exist with little to say about their cor-
respondence., Cenerally spesking, macro-analysis is made with no ex-
plicit reference to the underlylng mlcro—theory._ Two approaches are
opens

1. The economist might refer to certaln "first principles™ - some-
times to direct observatlons - in order to build up a certain
hypothesis concerning ‘a given macro-relationship. For exampie
the market law of demand has been formlated by Cournot long
ago . before Marshall 1ntr0duced hls micro- analysis, based on
individual decisions. ‘

2.  Alternatively, he might go through the existing stock of micro-
theory, indicate +the relevant factors then elaborates his
hypothesis through an implieit (memtal) process of aggregation.
Thus from an investigation of the factors that affect imdividual
decisions on ceonsumption expenditure, Keynes could derive his
macro propeasity to consume. He also took into consideration
factors that might be at work at the macro-level, such as the
effect of income redistribution, to allow for differences batween
the micro-parameter values.

If the two hypotheses - the micro and the macro - are to be con-
sistent, we have to make an expllclt study of the degree by which the
one implies the other. Theoretical analysis could do without this im-
perative condition, but not always with sucecess. The dangers of this
crude approach is best illustrated by the fallacy of copying a micro-
relationship between the rate of wages and the size of employment into
an exactly similar macrowrelationship.

The econometrlclan who attempts to estimate economic models on the
baglis of micro-theory bub using macro-variables faces the same dangers.
As we mentioned before, in an attempt to estimate the demend function
for wheat, he might build the observable macro-function in exactly the
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same form as the basic micro-function, substituting macro-:.for
microevariables, Before testing the empirical valldity of the -
hypothesis, he should test the new function for consistency with
the underlying economic theory. Otherwise he would be investiga- .
ting a completely new hypothesis without sufficient theoretical
investigation. In fact it was the careful abtempt to build aggre-
gative econometric models on the basis of economic theory, that
led klein to formulate the problemim its proper shapei(é A num-
ber of anthors have since joined the controversy, and various cri-
teria and approaches had been suggested. '

Approaches to Aggregations

In general,‘th main approaches can be distinguished(7):

1. To build up a macro-model which satisfies, the‘conditions‘of
micro-theory, and .mekes use of available statistical aggregates.

2. To derive an aggregated model from the micro-theory, then try
' to consbtruct the statistical aggregates consistent with the
derived theoretical ones. o : :

To illustrate ﬁhe two approachés, let us aSsume that a miero-func-
tion relates the dependent variable y to a number of explanatory
variables 2j, such that we have for the i-th individual

J; = ai‘+ :% bji Zﬁi . (1)

Further, available statistical data define certain aggregates, e.g.
of the form: o . :

Z, = 3 s

v B 2
. S T T i & 2)
Where the s:y are given welghts; if they are equal to unity, we

obtaimmatubal sums. An aggregate equation similar to (1) in shape

and using variables (2) would be:.

(6)

(7)

T.R, Klein: "Macroeconomics and the Theory of Rational Behavior'-
Econometrica, vol. 1l, pp. 93-108 : _
TRemarks on the Theory of Aggregation” - Econometrica vol. 1k,
pp. 303-12. o _

L.R. Klein: Economié Fluctuations in the United States, 1921-1941

© . pp. 13-1L - John Wiley, 1950.



- would complicate the problem.

T=a+ Db, 2z, (3)
J 3

By aggregation we mean the analysis of the conditions under which
(3) can be considered as an acceptable representation of the group
of equations (1). But according -to the second approach, we apply
the aggregation of ¥ %o equations (1) o obtain & macro-equation
consilstent with them: : '

Y =-§; 8 . as: + :S Z s.= b

b ol "%

o1 Pji ®31

> 2 (1)
The last term need not be directly observable, since it is a fune-
tlon of the (unknown) misro-parameters. Even if the micro-para-
meters are kaowm a priori  we might etill be unable to estimate the
aggregates thus defined since we do not possess observations on the
micro~variables. Another difficulty arises from the fact that when
we attempt at building a mlti-equational model, the aggregates appro-
priate for each equation would be different from those relating to
another, since the micro-parameters are usually different. It should
be also noticed that any deviation from the linmear form indicated

Using malinvsud's nbtation(8)5 let:

Yo = the set of elements ¥i contalning the values of the depen-
dent micro-variable. L e T N

Zo = the set of elements 23 = (z13,.4+..:,2%y) containing the
values of explanatory micro-variables. = L

Y = the set of elements Y containing the'values‘of the dependent
macro-variable = . s ‘ o

Z = the set of elements Z = (Zqseacasl ),ucontaihing;thg'_

values of macro explanatory variables.

Let £, be the transform (function) of Zg intc'Yb,'i,éL,.thé micro-
function; and £ the transform of Z into Y. Turther let g be the
transform of the micro-explanatory variables Zo into Z, and h the

"transform of Y, into Y. Then the theory of aggregation means that

we have to state the conditions under which the following scheme is
comslstents - SR ' ‘ '

(8)

E. Malinvaud: Wi'Aggrégation dans les Moddles Economiques" - pp. 69-
146, Cahiers du Séminaire d'Econométrie, Parlis, 1956.
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Zo fo > ¥,
g | , | = | (5)
\ 4 : | | : ‘ W
Z — — > ¥
f

The first approach asgumes that f, as well as g and h are indepen-
dently given. It investigates the conditions under which & given
choice of f-would close the scheme. The second approach assumes
that bath £, and h are given, and cbtains f a5 a result of apply-
ing h to fo. The functions g thus derived are them reconciliated
to those which normally define Z as funections of Zg.

Tt iz clear from the above discussion that any solution of the
problem is by necessity 6f an approximative nature. For practical
reasons the first approach is preferred. But this need not lead to

.a ¢lear-cut solution unless we apply the principles of the. second
approach in order to judge the consistency of the results.

The Tﬁeatment of Distﬁrbances:

It has been shown that whenever we have econometric investigation
in mind, the first approach would bg more convenient, since it re-
cognizes the full implications of the given functions g andh.
However, in the econometric formulation of economic relatienships
due allowance should be given to the specification of the distrib-
utions of random disturbances involved. We want to indlcate’that
a complete solution of the aggregation problem should be based on
a consideration of the econom?tsic rather than the economic struc-
tures of the models envolved.\? : : : :

" Suppose that the equation for the i-th individual in period '
t is as followss ' n

Vse = B +.b T4 U | . (6)
it : it

where 1 = 1,....,N;, hence the number of elementary agents is
variable over t. Equation (6) assumes similar economic structures
for simplification. To complete the specification of the econo-
metric structure, et us assume that for all’'i and all t:

E(_uit) =0, Vi) = 07 ()

(9) Bee section I above.



