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PREFACE

The primary objective of Basic Econometrics is to provide an elementary but
comprehensive introduction to the art and science of econometrics. a field which
is becoming increasingly an integral part of training in business and economics.

The book assumes no matrix algebra, calculus, or statistics beyond the
elementary level, and it is directed to three classes of readers, namely, junior and
senior level undergraduates, beginning graduaie students in these disciplines who
do not have much prior training in econometrics. and researchers in business.
industry, and government whoare looking for an informal yet systematic treatment
of econometric methods.

Basic ideas of econometrics are presented as simply and as directly as
possible without recourse to advanced mathematics and mathematical statistics.
Mathematical derivations are kept to an absolute minimum and are usually
relegated to the appendixes. This is done deliberately so that the beginner can
get a feel for the subject without becoming bogged down in mathematical
derivations. The basic philosophy of the book is that econometrics, although
grounded in higher mathematics and mathematical statistics, can be taught 1o
the beginner in such a manner that he or she can acquire a fairly good intuitive
feeling about the field.

There are several distinguishing features of this book. It is written in very
simple and understandable language: matrix algebra or calculus is not essential
to follow the text. On the principle of “learning by doing™ each econometric
technique is illustrated by charts. tables, and real-life economic data. Thus, the
reader is made aware of the situations in which a particular economic method
is appropriate. The practitioner will find Parts 11 and III of the text especially
appealing. These parts discuss what may be called the “bread-and-butter” aspects
of econometrics. Topics such as multicollinearity. heteroscedasticity. and auto-
correlation, which are frequently encountered in practice, are discussed logically
in a standard format, namely: What is the nature of the probiem, what are its
consequences, how does one find out whether a problem exists. and what can be
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done to remedy the problem? This step-by-step approach will help the researcher
10 solve a problem systematically.

The extensive and varied exercises at the end of each chapter will distinguish
this book from many others; most of the currently available textbooks have very
few exercises which are based on real economic data. In all there are about 230
exercises. Detailed solutions to all these exercises are given in the Instrucror’s
Manual. Answers and hints to solutions of some 60 exercises are given at the end
of the text.

1 have included a fairly extensive bibliography which lhists several advanced
books and articles in econometrics. It is hoped that my book will whet the
appetite of the reader so that he or she can approach some of the mathematically
advanced material given in the advanced textbooks with less apprehension.

This text can be used in several ways as follows:

Courses in Econometrics

A two-semester course: Chapters 1 to 18, Appendixes A and B. (If matrix algebra
is not required, Chapter 8 and Appendix B can be omitted.)

A one-semester course: Chapters 1 to 11, Appendixes A and B. (Again Chapter 8
and Appendix B are optional if matrix approach is not used.)

Courses in Regression Analysis

A one-semester course: Chapters 1 to 11, Appendixes A and B. (Chapter 8 and
Appendix B are optional if matrixes are not used.)

A short course of one quarter (about 7 to 8 weeks): Chapters | to 7 and Appendix A.
(If matrix approach is included, add Chapter 8 and Appendix B.)

In writing this book 1 have received help from several people. My foremost
thanks go to Professor Ann R. Horowitz of the University of Florida and my
colleague Professor Albert Zucker. Ann Horowitz's searching and very con-
structive comments have substantially improved the organization and quality of
the text. Al Zucker spent countless hours in the reading of the manuscript and
making very valuable suggestions both as to the style and substance. My
colleagues, Professors Peter Gutmann, Jay Lee. and Vincent Su, made some very
useful suggestions on various chapters, and I am grateful to them. I am also
indebted to Professor Giles Burgess of the Portland State University. Professor
Ramu Ramanathan of the University of California at San Diego. and Professor
Bernard J. Marks of Wichita State University. who read the book in manuscript
form and made several constructive suggestions to improve the quality of the
text. Needless to say. none of these people are responsible for any deficiencies
that may remain. | would alsp like to acknowledge my debt to my students who
read the book while it was in-preparation and offered constructive suggestions
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to improve the substance and form of the topics covered in the text. I am much
indebted to my research assistant Joan Rahav for all her help. Finally, my thanks
are due to my editor J. Stephen Dietrich and his associate Diane DeLuca for all
their behind-the-scene help and encouragement.

Damodar Gujarati
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INTRODUCTION

1 WHAT IS ECONOMETRICS?

Literally interpreted, econometrics means *economic measurement.” Although
measurement is an important part of econometrics, the scope of econometrics is
much broader, as can be seen from the following quotations.

Econometrics, the result of a certain outlook on the role of economics, consists of the application
of mathematical statistics 10 economic data to lend empirical support to the models constructed
by mathematical economics and to obtain numerical results.!

. econometrics may be defined as the quantitative analysis of actual economic phenomena
based on the concurrent development of theory and observation, related by appropriate methods
of inference.?

Econometrics may be defined as the social science in which the tools of economic theory,
mathematics, and statistical inference are applied to the analysis of economic phenomena.’

Econometrics is concerned with the empirical determination of economic laws.*

! Gerhard Tintner, Metho’fblog)’ of Mathematicai Economics and Econometrics, The University of
Chncago Press, Chicago, 1968, p. 74.

2 P. A. Samuelson, T. C. Koopmans, and J.R. N. Slone “Report of the Evaluative Committee for
Econometrica,” Econometrica, vol. 22, no. 2, April 1954, pp. 141-146.

} Arthur S. Goldberger, Econometric Theory, John Wiley & Sons, Inc., New York, 1964, p. {

* H. Theil, Principles of Econometrics, John Wiley & Sons, Inc.. New York, 1971 p. 1.



2 BASIC ECONOMETRICS

2 WHY A SEPARATE DISCIPLINE?

As the preceding definitions suggest, econometrics is an amalgam of economic
theory, mathematical economics, economic statistics and mathematical statistics.
Yet, it is a subject that deserves to be studied in its own right for the following
reasons.

Economic theory makes statements or hypotheses that are mostly qualitative
in nature. For exampie, microeconomic theory states that, other things remaining
the same, a reduction in the price of a commodity is expected to increase the
quantity demanded of that commodity. Thus, economic theory postulates a nega-
tive or inverse relationship between the price and quantity demanded of a commo-
dity. But the theory itself does not provide any numerical measure of the
relationship between the two; that is, it does not tell by how much the quantity
will go up or down as a result of a certain change in the price of the commodity. It
is the job of the econometrician to provide such numerical estimates. Stated
differently, it is econometrics that gives empirical content to most economic
theory.

The main concern of mathematical economics is to express economic theory
in mathematical form (equations) without regard to measurability or empirical
verification of the theory. Econometrics, as noted previously, is mainly interested
in the empirical verification of economic theory. As we shall see, the econometri-
cian often uses the mathematical equations proposed by the mathematical econo-
mist but puts these equations in such a form that they lend themselves to
empirical testing. And this conversion of mathematical into econometric equa-
tions requires a great deal of ingenuity and practical skill.

Economic statistics is mainly concerned with collecting, processing, and
presenting economic data in the form of charts and tables. This is the job of the
economic statistician. It is he or she who is primarily responsible for collecting
data on GNP, employment, unemployment, prices, etc. The data thus collected
constitute the raw data for econometric work. But the economic statistician does
not go any further, not being concerned with using the collected data to test
economic theories. Of course, one who does that becomes an econometrician.

Although mathematical statistics provides many of the tools used in the trade,
the econometrician often needs special methods in view of the unique nature of
most economic data, namely, that the data are not generated as the result of a
controlled experiment. The econometrician, like the meteorologist, generally
depends on data that cannot be controlled directly. Thus, data on consumption,
income, investment, savings, prices, etc., which are collected by public and private
agencies, are nonexperimental data. The econometrician takes these data as given.
This creates special problems not normally dealt with in mathematical statistics.
Moreover, such data are likely to contain errors of measurement, and the econ-

ometrician may be called upon to develop special methods of analysis to deal with
such errors of measurement.
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3 METHODOLOGY OF ECONOMETRICS

To illustrate the methodology of econometrics, let us consider the keynesian
theory of consumption. Keynes states:

The fundamental psychological law .. . is that men [women] are disposed. as a rule and on
average, to increase their consumption as their income increases, but not by as much as the
increase in their income.

In short, Keynes postulates that the marginal propensity to consume (MPC), the
rate of change of consumption for a unit (say, a dollar) change in income, is
greater than 0 but less than 1. To test this theory. the econometrician may proceed
as follows.

Specification of the Econometric Model

Although Keynes postulates a positive relationship between consumption and
income, he does not specify the precise form of the functional relationship between
the two. For simplicity, a mathematical economist may suggest the following form
for Keynes’ consumption function:
Y=a+pX (1)
where Y = consumption expenditure
X = income
, B = constants or parameters

The slope coefficient B represents the MPC.

Equation (1), which states that consumption is linearly related to income, is
an example of a mathematical model. A model is simply a sét of mathematical
equations. If the model has only one equation, as in the preceding example, it is
called a single-equation model, whereas if it has more than one equation, it
is known as a multiequation or simultaneaus-equation model.

The purely mathematical model of thg consumption function given in (l) is,
however, of limited interest to the econometrician for it assumes that there is an
exact or deterministic relationship between consumption and income. But rela-
tionships between economic variables are generally inexact. Thus. if we were to
obtain data on consumption expenditure and disposable (after-tax) income of a
sample of, say, 5000 American families and plot these data on a graph paper with
consumption expenditure on the vertical axis and disposable income on the hori-
zontal axis, we would not expect all 5000 observations to lie exactly on the straight
line of equation (1). This is because in addition 10 income there are other variables
which also affect consumption expenditure. For example. size of family. ages of the
members in the family, family religion; ctc., arc likely to exert some mﬂuence on
consumption.

5 John Maynard Keynes, The General Theory of Employment. Interest and Money, Harcourt Brace
Jovanovich, Inc.. New York, 1936, p. 96.
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To allow for the inexact relationships between economic variables, the econ-
ometrician would modify the deterministic consumption finction (1) as follows:

Y=o+ X +u {2)

where 1, known as the disturbance. or error, term. is a random (stochastic) variable
which has well-defined probabilistic properties. The disturbance term v may re-
present all those forces that affect consumption but are not taken into account
explicitly.

Equation (2) is an example of an econometric model. More technically, (2} is
an example of a linear regression model, which is a major concern of this book.
The econometric consumption function (2) hypothesizes that the dependent var-
iable Y (consumption) is linearly related to the explanatory variable X {income),
but the relationship between the two is not exact: it is subject to individual
variation.

Estimation

Having specified the econometric model, the next task of the econometrician is to
obtain estimates (numerical values) of the parameters of the model from the data
available; these data may be provided by the economic statistician. These esti-
mates give empirical content to economic theory. Thus, if in a study of the key-
nesian consumption function given previously it is found that f = 0.8, this value
not only provides a” numerical estimate of MPC, but also supports Keynes’
hypothesis that MPC is less than 1.

How does one estimate the parameters, such as x and 87 An answer to this
question will be provided in the following chapters. Suffice it to note here that the

statistical tool of regression analysis is the main technique used in this book to
obtain the estimates.

Verification (Statistical Inference)

Having obtained estimates of the parameters, the next task of the econometrician
is to develop suitable criteria to find out whether the estimates obtained are in
conformity with the expectations of the theory that is being tested. As noted
previously, Keynes expected the MPC to be positive but less than 1. Supposein a
study of the consumption function it is found that the MPC = 0.9. Although
numerically this estimateé is less than 1, one may enquire whether the estimate is
sufficiently below unity to convince us that this is not an accidental outcome of
sampling process. In other words, is this estimate statistically less than 17 If it is. it
supports Keynes® contention; otherwise it may refute it. -

Such confirmation or refutation of economic theories on the basis of empirical
evidence is based on a branch of statistical theory known as statistical inference

(hypothesis testing). Throughout this book we shall see how this inference process
is actually conducted.



