Chapter

Fconomic Models

As mentioned before, any economic theory is necessarily an abstraction from the real
world. For one thing, the immense complexity of the real economy makes it impossible for
us to understand all the interrelationships at once; nor, for that matter. are all these interre-
lationships of equal importance [or the understanding of the particular economic phenom-
cnon under study, The sensible procedure is, therefore, to pick out what appeals 0 our
reason to be the primary factors and relationships relevant to our problem and to focus our
attention on these alone. Such a deliberately sitnplificd analytical framework is called an
economic model, since it is only a skeletal and rough representation of the actual economy.

2.1 Ingredients of a Mathematical Model

An economic model is merely a theoretical framework, and there is no inherent reason why
it must be mathematical. 1f the model is mathematical, however, it will usually consist of a
sct of equations designed to describe the structure of the model. By relating a number of
variables to one another in certain ways, these equations give mathematical form to the set
of analytical assumptions adopted. Then, through application of the relevant mathematical
operations to these equations, we may scek to derive a set of conclusions which logically
follow from those assumptions.

Variables, Constants, and Parameters

A variable 1s something whose magnitude can change, 1.c., something that can take on dif-
ferent values. Variables frequently used in economics include price, profit, revenue, cost,
national income, consumption, investment, imports, and cxports, Since each variable can
assume various valucs, 1t must be represented by a symbol instead of a specific number. For
example, we may represent price by P, profit by 7, revenue by R, cost by C, national in-
come by ¥, and so forth, When we write P = 3 or C = 18, howcver, we are “freezing”™
these variables at specific values (in appropriately chosen units).

Properly constructed, an economic model can be solved to give us the selution values
of a certain set of variabley, such as the market-clearing level of price, or the profit-
maximizing level of output. Such variables, whose solution values we seck from the model.
are known as endogenous variables (originating from within). Howcever, the model may
also contain variables which are assumed to be determined by forces external to the model,
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and whose magnitudes are accepted as given data only; such variables are called exogenous
variables {originating from without). It should be noted that a variable that is cndogenous
to one model may very well be exogenous to another. In an analysis of the market determi-
nation of wheat price (P), for instance, the variable P should definitely be endogenaous; but
in the framework of a theory of consumer expenditure, £ would become instead a datum to
the individual consumer, and must therelore be considered exogenous.

Variables frequently appear in combination with fixed numbers or constants, such as
in the expressions 7P or 0.5R. A constant is a magnitude that docs not change and 1s there-
fore the antithesis of a vartable. When a constant is joined to a variable, it is often referred
to as the coefficient of that variable. However, a coefficient may be symbolic rather than
numerical. We can, for instance, let the symbol « stand for a given constant and use the
expression aP in licu of 7P in a model, in order to attain a higher level of generality
(see Sec. 2.7). Thig symbol « is a rather peculiar casc—it is supposed to represent a given
constant, and yet, since we have not assigned to it a specific number, it can take virtually
any value, In short, it is a constant that is variable! To identify ils special status, we give it
the distinctive name parametric constant (o1 simply parameter).

[t must be duly emphasized that, although diffcrent values can be assigned to a parame-
ter, it is ncvertheless to be regarded as a datum in the model. It is for this reason that pco-
ple somctimes simply say “constant” even when the constant 1s parametric. In this respect,
parameters closely resemble exogenous variables, for both are to be treated as “givens”™ in
a model. This explains why many writcrs, for simplicity, refer to both collectively with the
single designation “parameters.”

As a matter of convention, parametric constants are normally represented by the sym-
bols a, b, ¢, or their counterparts in the Grreek alphabet: «, 8, and y. But other symbols nat-
urally are also permissible. As for cxogenous variables, in order that they can be visually
distinguished from their endogenous cousins, we shall follow the practice of attaching a
subscript 0 to the chosen symbol. For example, if P symbolizes price, then £y significs an
exogenously determined price.

Equations and Identities

Variables may exist independently, but they do not really become interesting until they are
related to one another by equations or by inequalities. At this moment we shall discuss
gquations only.

In economic applications we may distinguish between three types of cquation: defini-
tional equations, behavioral cquations, and conditional equations.

A definitional equation sets up an identity between two alternate expressions that have
exactly the same meaning. For such an equation, the identical-equality sign = (read: “is
identically equal to”} is often employed in place of the regular equals sign =, although the
latter is also acceptable. As an cxample, total profit is defined as the excess of total revenue
over total cost; we can therefore write

a=R-C

A behavioral equation, on the other hand, specifies the manner in which a variable be-
haves in response lo changes in other variables. This may involve either human behavior
(such as the aggregate consumption pattern in relation to national income) or nonhuman
behavior (such as how total cost of a firm reacts to output changes). Broadly defined,
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behavioral equations can be used to describe the general institutional setting of a modcl, in-
cluding the technological {¢.g., production function) and legal {e.g., tax structure) aspects,
Before a behavioral equation can be written, however, it is always necessary to adopt defi-
nite assumptions regarding the behavior pattern of the variable in question. Consider the
two cost functions

C=75+10Q (2.1)
C =110+ @ (2.2)

where 7 denotes the quantity of output, Since the two equations have different forms, the
production condition assumed in cach is obviously different from the other. In (2.1), the
fixed cost (the value of € when Q = 0} is 75, whereas in (2.2) it is 110, The variation in cost
is also different. In (2.1), for each unit increase in 0, there is a constant increase of 10 in C.
Butn (2.2}, as ¢/ increases unit after unit, C will increase by progressively larger amounts.
Clearly, it is primarily through the specification of the form of the behavioral equations that
we give mathematical expression to the assumptions adopted [or a model.

As the third type, a conditivnal equation states a requirement to be satisfied. For exam-
ple, in a model involving the notion of equilibrium, we must set up an equifibrivm condi-
tion, which describes the prerequisite for the attainment of equilibrium. Two of the most
familiar equilibrium conditions in economics are

Qu = s [quantity demanded = quantity supplied]
and S=1 [intended saving = intended investment]

which pertain, respectively, to the equilibrium of a market modcl and the equilibrium of the
nationai-income model in its simplest form, Similarly, an optimization modet either derives
ot applics one or more vptimization conditions. One such condition that comes easily 10
mind is the condition

MC = MR [marginal cost = marginal revenue)

in the theory of the firm. Because equations of this type are ncither definitional nor behay-
ioral, they constitute a class by themselves,

2.2 The Real-Number System

Equations and variables are the essential ingredients of a mathematical model. But since
the valucs that an economic variable takes are usually numerical, a few words should be
said about the number system. Here, we shall deal only with so-called real numbers.

Whole numbers such as 1, 2, 3, ... arc called positive integers, these are the numbers
most frequently used in counting. Their negative counterparts —1, —2, ~3, ... are called
negaiive integers, these can be employed, for example, to indicate subzero temperatures {in
degrees). The number 0 (zero), on the other hand, is neither positive nor ncgative, and is in
that sense unique. Let us lump all the positive and negative integers and the number 7ero
into a single category, referring to them collectively as the sef of all integers.

Integers, ol course, do not exhavst all the possible numbers, for we have fractions, such
as % 3 and £, which—ifplaced on a ruler—would fall between the integers. Also, we have
negative fractions, such as ~1 and —Z. Together, these make up the ses of @il fractions.




