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Preface

There have been many important developments in econometrics during the last
two decades, but introductory books in the field still deal mostly with what
econometrics was in the 1960’s. The present book is meant to familiarize students
(and researchers) with some of these developments, explaining them with very
simple models without cluttering up the exposition with too much algebraic detail.
Where proofs involve complicated expressions they are omitted and appropriate
references are given. Ten of the more difficult sections have been marked with an
asterisk indicating that they are optional, Beginning students can skip them and
proceed. The book also contains several examples illustrating the techniques at each
stage, and where illustrations are not given, some data sets have been provided so
that students can compute the required results themselves.

Since the book covers quite a few topics, only a few examples have been given to
illustrate each point. Giving too many i!lustrations for a single point might be bor-
ing for some students and would have made the book much too bulky. The study
guide contains more illustrative examples, data sets, and questions and answers.
The exercises given at the end of each chapter are somewhat challenging. How-
ever, the study guide contains answers or guidelines. The study guide also gives a
“guided tour” of the material in each chapter as well as some detailed explanations
for some points that are touched briefly in the book.

Some of the questions at the end of the chapters have been taken from the
examinations at several U.S. and UK. universities, and from P. C. B. Phillips and
M. R. Wickens, Exercises in Econometrics (Cambridge, Massachusetts, Ballinger
Publishing Co., 1978), Vol. I. (Many of the questions in that book are from ex-
aminations in the U K. universities.) Since questions tend to get repeated with minor
changes, I have not bothered to quote the exact source for each question.

There are many distinguishing features of the book, some of which are:

1. A discussion of aims and methodology of econometrics in Chapter 1.

2. A critique of conventional significance levels in Chapter 2.

3. A discussion of direct versus reverse regression and inverse prediction in
Chapter 3.

4. A thorough discussion of several practically useful results in multiple regression
{Chapter 4), some of which are not to be found even in specialized books on
regression,

vii



viii PREFACE

5. Discussion of several new tests for heteroskedasticity. Choice of linear versus
log-linear models, and use of deflators (in Chapter 5).

6. A thorough discussion of the several limitations of the Durbin-Watson test,
showing that it is almost useless in practice, and a discussion of Sargan’s test,
ARCH test, LM test, etc. (Chapter 6).

7. A critical discussion of the use and limitations of condition numbers, variance
inflation factors (VIF’s), ridge regression, and principal component regression
in the analysis of multicollinearity (Chapter 7). Many of these techniques are
often used uncritically, because computer programs are readily available.

8. The use of dummy variables to obtain predictions and standard errors of
predictions, the relationship between discriminant analysis, and the linear
probability model, the logit, probit and tobit models (Chapter 8).

9. Inference in under-identified simultaneous equation models, criteria for norma-
lization and tests for exogeneity and causality (Chapter 9).

10. The discussion of partial adjustment models, error correction models, rational
expectations models, and tests for rationality (Chapter 10).

11. Reverse regression, proxy variables (Chapter 11).

12. Different types of residuals and their use in diagnostic checking, model
selection, choice of F-ratios in the selection of regressors, Hausman’s specifica-
tion error test, tests of non-nested hypotheses (Chapter 12).

These are not new topics for advanced texts but these topics (most of which are
never dealt with in introductory texts) are important in econometric practice. The
book explains them all with simple models so that students (and researchers) who
have not had exposure to advanced texts and advanced courses in econometrics can
still learn them and use them.

I have avoided any special discussion of computer programs. Nowadays, there
are several computer packages available that one can choose from. Also, they
change so rapidly that the lists have to be expanded and updated very often. The
study guide will provide some guidance on this. I feel that it is more important to
know the answers to the questions of what to compute, why to compute, how to
interpret the results, what is wrong with the model, and how we can improve the
model. Learning how to compute is rather easy. In the 1960’s this last question
received more attention because computer technology had not progressed enough
and not many efficient computer programs were readily available. With the
advances in computer technology and the large number of computer programs
readily available, everyone can easily learn “how to compute.” That is why I have
tried to minimize the discussion of computer programs or the presentation of
computer output. Moreover, there is no single program that will do all the things
discussed in the book. But by simple adaptation many of the computer programs
available will do the job.

Instructors using the book might find it difficult to cover all the material.
However, it is always better to have some topics in the book that instructors can
choose from depending on their interests and needs. Chapters 1 through 9 cover the
basic material. The last three chapters, on models of expectations, errors in
variables, and model selection, are topics that instructors can pick and choose from.



PREFACE X

A one semester course would cover Chapters 1 to 6 (or 7). A two-semester course
would cover Chapters 1 to 9 and parts of Chapters 10-12. In either case Chapter 2
need not be covered but can be used as a reference.

At some places I have a reference to my earlier book: Econometrics (New York,
McGraw-Hill, 1977) for details. I saw no point in reproducing some proofs or
derivations when they were not absolutely necessary for understanding the points
being made. At several others, there is a footnote saying that the result or proof can
be found in many books in econometrics, and I give a reference to my earlier book
with page numbers. However, the same result can be often found in other standard
references, such as:

J. Johnston, Econometric Methods (New York, McGraw-Hill), 3rd ed., 1984.

J.Kmenta, Elements of Econometrics(New York, The Macmillan Co.), 2nd ed., 1986.

H. Theil, Principles of Econometrics (New York, Wiley), 1971.

G. G. Judge, C. R, Hill, W. E. Griffiths, H. Liitkepohl and T. C. Lee, Theory and
Practice of Economics (New York, Wiley), 2nd ed., 1985.

E. Malinvaud, “Statistical Methods of Econometrics” (Amsterdam, North
Holland), 3rd ed., 1976.

Since I did not find it practicable to give detailed page numbers for every book, T
have just referred to my earlier book.

I would like to thank Kajal Lahiri, Scott Shonkwiler, and Robert P. Trost for
going through the whole manuscript and offering helpful comments.

G.S. M.



Contents

1

WHAT IS ECONOMETRICS? 1

1.1 What Is Econometrics? 1
1.2 Economic and Econometric Models 2
1.3 The Aims and Methodology of Econometrics 4
1.4 What Constitutes a Test of an Economic Theory? 7
Summary and an Outline of the Book 7
REVIEW OF SOME BASIC RESULTS IN
STATISTICS 9
2.1 Introduction 9
2.2 Summation and Product Operations 10
2.3 Random Variables and Probability Distributions 11
2.4 The Normal Probability Distribution and Related
Distributions 13
2.5 Classical Statistical Inference 15
2.6 Properties of Estimators 17
2.7 Sampling Distributions for Samples from a Normal
Population 19
2.8 Interval Estimation 19
2.9 Testing of Hypotheses 21
2.10 Relationship Between Confidence Interval Procedures and
Tests of Hypotheses 24
Summary 25

xi



Xit CONTENTS
SIMPLE REGRESSION 27
3.1 Introduction 27
3.2 Specification of the Relationships 29
3.3 The Method of Moments 33
3.4 Method of Least Squares 36
3.5 Statistical Inference in the Linear Regression Model 43
3.6 Analysis of Variance for the Simple Regression Model 50
3.7 Prediction with the Simple Regression Model 51
3.8 Outliers 54
3.9 Alternative Functional Forms for Regression Equations 61
*3.10 Inverse Prediction in the Least Regression Model 66
*3.11 Stochastic Regressors 68
*3.12 The Regression Fallacy 69
Summary 72
Exercises 73
Appendix 79
MULTIPLE REGRESSION 89
4.1 Introduction 89
4.2 A Model with Two Explanatory Variables 91
4.3 Statistical Inference in the Multiple Regression Model 95
4.4 Interpretation of the Regression Coefficients 104
4.5 Partial Correlations and Multiple Correlation 107
4.6 Relationship Among Simple, Partial, and Multiple
Correlation Coefficients 108
4.7 Prediction in the Multiple Regression Model 114
4.8 Analysis of Variance and Tests of Hypotheses 116
4.9 Omission of Relevant Variables and Inclusion of
Irrelevant Variables 121
4.10 Degrees of Freedom and R?2 125
4.11 Tests for Stability 130



CONTENTS

Xill

*4.12 The LR, W, and LM Tests 137
Summary 139
Exercises 141
Some Data Sets 147

HETEROSKEDASTICITY 159
5.1 Introduction 159
5.2 Detection of Heteroskedasticity 162
5.3 Consequences of Heteroskedasticity 167
5.4 Solutions to the Heteroskedasticity Problem 169
5.5 Heteroskedasticity and the Use of Deflators 172
*5.6 Testing the Linear Versus Log-Linear Functional Form 177
Summary 180
Exercises 181
AUTOCORRELATION 185
6.1 Introduction 185
6.2 Durbin—-Watson Test 186
6.3 Estimation in Levels Versus First Differences 188
6.4 Estimation Procedures with Autocorrelated Errors 192
6.5 Effect of AR(1) Errors on OLS Estimates 196
6.6 Some Further Comments on the DW Test 200
6.7 Tests for Serial Correlation in Models with Lagged

Dependent Variables 203

6.8 A General Test for Higher-Order Serial Correlation: The
LM Test 206
6.9 Strategies When The DW Test Statistic Is Significant 207

*6.10 Trends and Random Walks 212

*6.11 ARCH Models and Serial Correlation 218
Summary 219
Exercises 221



Xiv CONTENTS
MULTICOLLINEARITY 223
7.1 Introduction 223
7.2 Some Illustrative Examples 224
7.3 Some Measures of Multicollinearity 227
7.4 Problems with Measuring Multicollinearity 230
7.5 Solutions to the Multicollinearity Problem: Ridge
Regression 234
7.6 Principal Components Regression 237
7.7 Dropping Variables 243
7.8 Miscellaneous Other Solutions 245
Summary 247
Exercises 248
DUMMY VARIABLES AND TRUNCATED
VARIABLES 251
8.1 Introduction 252
8.2 Dummy Variables for Changes in the Intercept Term 252
8.3 Dummy Variables for Changes in Slope Coefficients 258
8.4 Dummy Variables for Cross-Equation Constraints 260
8.5 Dummy Variables for Testing Stability of Regression
Coeflicients 263
8.6 Dummy Variables Under Heteroskedasticity and
Autocorrelation 266
8.7 Dummy Dependent Variables 267
8.8 The Linear Probability Model and the Linear
Discriminant Function 268
8.9 The Probit and Logit Models 272
8.10 An Ilustrative Example 279
8.11 Truncated Variables: The Tobit Model 283
Summary 289
Exercises 290



CONTENTS XV
SIMULTANEOUS EQUATIONS
MODELS 2893
9.1 Introduction 293
9.2 Endogenous and Exogenous Variables 295
9.3 The Identification Problem: Identification Through
Reduced Form 296
9.4 Necessary and Sufficient Conditions for Identification 301
9.5 Methods of Estimation: The Instrumental Variable
Method 304
9.6 Methods of Estimation: The Two-Stage Least Squares
Method 310
9.7 The Question of Normalization 317
*9.8 The Limited-Information Maximum Likelihood Method 318
*9.9 On the Use of OLS in the Estimation of
Simultaneous-Equations Models 319
*3.10 Exogeneity and Causality 325
Summary 331
Exercises 333
MODELS OF EXPECTATIONS 337
10.1 Introduction 337
10.2 Naive Models of Expectations 338
10.3 The Adaptive Expectations Model 340
10.4 Estimation with the Adaptive Expectations Model 342
10.5 Two lllustrative Examples 344
10.6 Expectational Variables and Adjustment Lags 347
10.7 Partial Adjustment with Adaptive Expectations 352
10.8 Alternative Distributed Lag Models: Polynomial Lags 354
10.9 Rational Lags 361
10.10 Rational Expectations

362



CONTENTS

12.8
12.9
12.10
12.11
12.12

Implied F-Ratios for the Various Criteria
Cross-Validation

Hausman’s Specification Error Test

The Plosser-Schwert-White Differencing Test
Tests for Nonnested Hypotheses

Summary

Exercises

xvii

429
434
435
441
443
447
449

APPENDIX: TABLES 453

INDEX 465



What Is Econometrics?

1.1 What Is Econometrics?

1.2 Economic and Econometric Models

1.3 The Aims and Methodology of Econometrics

1.4 What Constitutes a Test of an Economic Theory?
Summary and an Outline of the Book

1.1 WHAT IS ECONOMETRICS?

Literally speaking, the word “econometrics” means “measurement in economics.”
This is too broad a definition to be of any use because most of economics is
concerned with measurement. We measure our gross national product, employ-
ment, money supply, exports, imports, price indexes, and so on. What we mean by
econometrics is:

The application of statistical and mathematical methods to the analysis of
economic data, with a purpose of giving empirical content to economic theories
and verifying them or refuting them.

In this respect econometrics is distinguished from mathematical economics, which
consists of the application of mathematics only, and the theories derived need not
necessarily have an empirical content.

The appllcatlon of statistical tools to economic data has a very long history.
Stigler ’ notes that the first “empirical” demand schedule was published in 1699 by
Charles Davenant and that the first modern statistical demand studies were made by
Rodulfo Enini, an Italian statistician, in 1907. The main impetus to the development

' G.J. Stigler, “The Early History of Empirical Studies of Consumer Behavior, “The Journal of Political

Economy, 1954 [reprinted in G. J. Stigler, Essays in the History of Economics (Chicago: University of
Chicago Press, 1965)].
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of econometrics, however, came with the establishment of the Econometric Society
in 1930 and the publication of the journal Econometrica in January 1933,

Before any statistical analysis with economic data can be done, one needs a clear
mathematical formulation of the relevant economic theory. To take a very simple
example, saying that the demand curve is downward sloping is not enough. We
have to write the statement in mathematical form. This can be done in several ways.
For instance, defining g as the quantity demanded and p as price, we can write

g=a+pp B<O0
or
q=Ap’ p<0

As we will see later in the book, one of the major problems we face is the fact
that economic theory is rarely informative about functional forms. We have to use
statistical methods to choose the functional form, as well.

1.2 ECONOMIC AND ECONOMETRIC
MODELS

The first task an econometrician faces is that of formulating an econometric
model. What is a model?

A modelis a simplified representation of a real-world process. For instance, saying
that the quantity demanded of oranges depends on the price of oranges is a
simplified representation because there are a host of other variables that one can
think of that determine the demand for oranges. For instance, income of consumers,
an increase in diet consciousness (“drinking coffee causes cancer, so you better
switch to orange juice,” etc.), an increase or decrease in the price of apples, and so on.
However, there is no end to this stream of other variables. In a remote sense even the
price of gasoline can affect the demand for oranges.

Many scientists have argued in favor of simplicity because simple models are
easier to understand, communicate, and test empirically with data. This is the
position of Karl Popper? and Milton Friedman.® The choice of a simple model
to explain complex real-world phenomena leads to two criticisms:

1. The model is oversimplified.
2. The assumptions are unrealistic.

For instance, in our example of the demand for oranges, to say that it depends on
only the price of oranges is an oversimplification and also an unrealistic assumption.
To the criticism of oversimplification, one can argue that it is better to start with a
simplified model and progressively construct more complicated models. This is the

*K. F. Popper, The Logic of Scientific Discovery (London: Hutchinson, 1959), p. 142.
I M. Friedman, “The Methodology of Positive Economics,” in Essays in Positive Economics (Chicago:
University of Chicago Press, 1953), p. 14.
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idea expressed by Koopmans.? On the other hand, there are some who argue in
favor of starting with a very general model and simplifying it progressively based on
the data available.* The famous statistician L. J. (Jimmy) Savage used to say that
“a model should be as big as an elephant.” Whatever the relative merits of this
alternative approach are, we will start with simple models and progressively build
more complicated models.

The other criticism we have mentioned is that of “unrealistic assumptions.” To
this criticism Friedman argued that the assumptions of a theory are never
descriptively realistic. He says %

The relevant question to ask about the “assumptions” of a theory is not whether
they are descriptively “realistic” for they never are, but whether they are
sufficiently good approximations for the purpose at hand. And this question can
be answered by only seeing whether the theory works, which means whether it
yields sufficiently accurate predictions.

Returning to our example of demand for oranges, to say that it depends only on
the price of oranges is a descriptively unrealistic assumption. However, the inclusion
of other variables, such as income and price of apples in the model, does not render
the model more descriptively realistic. Even this model can be considered to be
based on unrealistic assumptions because it leaves out many other variables (like
health consciousness, etc.). But the issue is which model is more useful for predicting
the demand for oranges. This issue can be decided only from the data we have and
the data we can get.

In practice, we include in our model all the variables that we think are relevant for
our purpose and dump the rest of the variables in a basket called “disturbance.” This
brings us to the distinction between an economic model and an econometric model.

An economic model is a set of assumptions that approximately describes the
behavior of an economy (or a sector of an economy). An econometric model consists
of the following:

1. A set of behavioral equations derived from the economic model. These
equations involve some observed variables and some “disturbances” (which
are a catchall for all the variables considered as irrelevant for the purpose of
this model as well as all unforeseen events).

2. A statement of whether there are errors of observation in the observed
variables.

3. A specification of the probability distribution of the “disturbances” (and
errors of measurement).

With these specifications we can proceed to test the empirical validity of the
economic model and use it to make forecasts or use it in policy analysis.

“T. C. Koopmans, Three Essays on the State of Economics Science (New York: McGraw-Hill, 1957),
pp. 142-143,

5 This is the approach suggested by J. D. Sargan and notably David F. Hendry.

¢ Friedman, “Methodology,” pp. 14-15.
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Taking the simplest example of a demand model, the econometric model usually
consists of:

1. The behavioral equation
g=a+fp+u

where g is the quantity demanded and p the price. Here p and q are the
observed variables and u is a disturbance term.

2. A specification of the probability distribution of « which says that E(u |p) =
and that the values of u for the different observatlons are independently and
normally distributed with mean zero and variance o

With these specifications one proceeds to test empirically the law of demand or
the hypothesis that § < 0. One can also use the estimated demand function for
prediction and policy purposes.

1.3 THE AIMS AND METHODOLOGY OF
ECONOMETRICS

The aims of econometrics are:

1. Formulation of econometric models, that is, formulation of economic models
in an empirically testable form. Usually, there are several ways of formulating
the econometric model from an economic model because we have to choose
the functional form, the specification of the stochastic structure of the
variables, and so on. This part constitutes the specification aspect of the
econometric work.

2. Estimation and testing of these models with observed data This part
constitutes the inference aspect of the econometric work.

3. Use of these models for prediction and policy purposes.

During the 1950s and 1960s the inference aspect received a lot of attention and the
specification aspect very little. The major preoccupation of econometricians had
been the statistical estimation of correctly specified econometric models. During the
late 1940s the Cowles Foundation provided a major breakthrough in this respect,
but the statistical analysis presented formidable computational problems. Thus the
1950s and 1960s were spent mostly in devising alternative estimation methods and
alternative computer algorithms. Not much attention was paid to errors in the
specification or to errors in observations.” With the advent of high-speed
computers, all this has, however, changed. The estimation problems are no longer
formidable and econometricians have turned attention to other aspects of
econometric analysis.

7 There was some work on specification errors in the early 1960s by Theil and Griliches, but this referred
to omitted-variable bias (see Chapter 4). Griliches’ lecture notes (unpublished) at the University of
Chicago were titled “Specification Errors in Econometrics.”
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Figure 1.1. Schematic description of the steps involved in an econometric analysis of
economic models.

We can schematically depict the various steps involved in an econometric
analysis, as was done before the emphasis on specification analysis. This is shown in
Figure 1.1. Since the entries in the boxes are self-explanatory, we will not elaborate
on them. The only box that needs an explanation is box 4, “prior information.” This
refers to any information that we might have on the unknown parameters in the
model. This information can come from economic theory or from previous empirical
studies.

There has, however, been considerable dissatisfaction with the scheme shown in
Figure 1.1. Although one can find instances of dissatisfaction earlier, it was primarily
during the 1970s that arguments were levied against the one-way traffic shown in
Figure 1.1. We will discuss three of these arguments.

1. In Figure 1.1 there is no feedback from the econometric testing of economic
theories to the formulation of economic theories (i.., from box 6 to box 1). It
has been argued that econometricians are not just handmaidens of economic
theorists. It is not true that they just take the theories they are given them and
test them, learning nothing from the tests. So we need an arrow from box 6 to
box 1.



