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Preface ,

The main objective of this book is to enable the reader to understand applied
econometric studies. The prerequisites for reading the book consist of elemen-
tary calculus through partial differentiation, apart from high school algebra and —.
one or two courses in economics; further details-are provided on page xvii. A
second objective is to provide more advanced material in the sections marked
by an asterisk. These sections can either be used for supplementary reading or
for the second course in a two-course séquence.
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informed me that some columns of the ¢ table are from Statistical Tables for
Biological, Agricultural and Medical Research by Fisher and Yates (sixth edition,
1974). T am grateful to the Literary Executor of the late Sir Ronald A. Fisher,
F.R.S,, to Dr. Frank Yates, F.R.S., and to Longman Group Ltd., London, for
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The Design and Use
of This Book

Each chapter consists of one or more opening paragraphs and several sec-
tions (e.g., Section 3.2 is the second section of Chapter 3). Most sections contain
an opening paragraph and several (unnumbered) subsections. Formulas are
indicated by two numbers, the first for the chapter and the second for the order
of occurrence; for example, eq. (5.3) is the third equation in Chapter 5. Tables
and figures are numbered consecutively throughout the book. To facilitate find-
ing a table or figure, its page number is usually mentioned.

The Appendix consists of eight sections, labeled A-to H. Formulas in the
Appendix are indicated by the letter of the section followed by the number of
the order of occurrence.

Prerequisites

Elementary calculus is a prerequisite for reading this book, but analytical
integration is not used. The reader can work his way through the material on
continuous distributions in Sections 4.1 and 4.2 by simply remembering that
the probabilities of discrete distributions (Chapter 3) are replaced by the density
function and summation by integration.

Apart from the elementary calculus prerequisite, the book presumes no
further mathematical or statistical preparation. ‘Statistics is developed from
scratch. The use of the summation operator 3 is explained in Section 2.2. On
the other hand, if the reader has a sufficient command of matrix algebra, he

xvii



xviii THE DESIGN AND USE OF THIS BOOK

- will appreciate the concise style of the Appendix. No attempt is made to explain

_ matrix algebra in this book, but an instructor who uses the book for a two-
- course sequence will not find it difficult to provide the necessary material for
- Sections A and B of the Appendix in his second course.

- The Four Parts of the Book

~ Since the book is introductory, it should emphasize the standard linear model.
Accordingly, the main objective of Part Ong is'this model for one explanatory
- variable, that of Part Two is the extension for more variables and the associated
- statistical inference techniques, whereas the discussion of such topics as gen-
eralized and two-stage least squares is postponed until Chapters 19 to 21 at the -
end of Part Three. In a book of this kind it is impossible to describe even a
 medium-sized simultaneous-equation model adequately; the familiar Klein
Model I must do the work. To provide a compensation, I decided to discuss
predictions and prediction errors in some detail, as well as certain elements of
control theory, in Chapters 22 and 23, which constitute Part Four.

Given the presumption that the reader knows little or no mathematical sta-
tistics, it would be a disadvantage to have all statistics in one or several chapters
at the beginning. Few persons would be able to digest all this material. There-
fore, statistics is introduced successively in the first three parts of the book.

_Chapters 3 and 4 in Part One describe discrete and continuous distributions and
the first elements of point estimation theory; this statistical basis is sufficient
_through Chapter 9. The second statistical installment is Chapters 10 to 12 in
Part Two, dealing with multivariate normality, y2, ¢, confidence intervals, and
- hypothesis testing. The third is Chapters 15 and 16 at the beginning ‘of Part
Three on large-sample distribution theory, Bayesian inference, and related
matters. This division of the statistical material into 'successive stages has
obvious additional advantages when the reader is a student who takes an intro-
_ductory mathematical statistics' course concurrently.

An important question is at which stage the reader should be advised to be

suspicious. Should he be told each time immediately after a new approach is

_introduced how it can go wrong because the data may violate the underlying
assumptions ? Or should these warnings be postponed until the stage at which

~he 'has ‘developed ‘some feeling for the relationship among the various ap-
proaches? I prefer the latter alternative, ‘since the former runs the risk of gen-
erating confusion rather than understanding. For example, it would be very
troublesome to explain the consequences of an erroneous specification of the
relations estimated when properties of least squares are discussed in Chapters 5
and 8. Accordingly, doubts are spread in Chapter 17, which deals with specifica-
tion and observational errors, and in Chapter 18 (on the consequences of aggre-
gation) and in Section '23.2 (on economy-wide econometric models).
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Using the Book in the Classroom ‘

The econometrician analyzes statistical data. Thus, when an instructor teaches
an introductory econometrics course, he should expect that his students will
want to see some “real” data at an early stage. But if these students know little
or no statistics, there is the risk that they will spend weeks wading throngh
algebraic symbols before they see anything “real.” How can this problem be
resolved ?

I find it useful to divide my class sessions (about 75 minutes each) into two or
three parts, so that several topics can be discussed in each session and one of
these can be data analysis. An additional advantage of this division-into-parts s
that it reduces the accumulation of mathematical results, so that it avoids.a
situation in which students are asked to apply results which they have not fnlly
digested.

For example, in the ﬁrst session the instructor may want to start with the
first few pages of Section 1.1, which describe (among others) a consumption-
income relation, and then move to Section 2.1, where such a relation is con-
sidered for fictitious data. He assigns Section 2.2 for the second session and
moves on to Section 2.3 until the discussion of the least-squares principle, eq.
(2.25). He then proceeds to the opening paragraph of Chapter 7, which contains
real data (Table 12), and discusses the questions raised in that paragraph. The
last topic discussed in the first session i Section 3.1 on univariate discrete dis-
tributions. In the next two sessions the instructor completes Chapters 2 and 3.
As soon as Chapter 2 is completed, he goes through Section 7.1, where least
squares is applied to the data of Table 12. This means that at an early stage of
the course students have seen how data are used to obtain an income elasticity
and a price elastxcny Further details on this course are prov1ded in the Teacher S :
Manual. 2 i

The application of econometric methods to actual economic data is 'a pro-
minent feature of this book. There are two ways in which applications can be
presented: Either numerous examples are discussed briefly, or few examples are
discussed in more detail. I prefer the latter alternative, because numerous brief
discussions easily lead to a superficial attitude, which is unfortunately too com-
mon in applied econometric studies. Accordingly, the above-mentioned data of
Table 12 figure prominently in the confidence intervals and statistical tests of
Chapters 11 and 12, and Klein’s Model I plays an important role in several
sections of Chapters 21 and 23. Obviously, discussing few examples has a dis-
advantage also, but this can be eliminated to a large degree by means of a display
of scatter diagrams referring to different areas of application. Several such
diagrams are mentioned in the opening paragraph of the References at the end
of this book.

Chapters 14 and 22 should be viewed as contrasts. Chapter 22 is mainly
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empirical and serves to provide the student with an idea of the degree of ac-
curacy which he can expect from economic predictions and of the decline of
this accuracy when the prediction refers to a more distant future. Chapter 14
provides a link between economic theory and econometric analysis. The eco-
. nomic theory used in this chapter is that of utility maximization subject to a
budget constraint, which yields Slutsky symmetry. Usually, this symmetry is
viewed as no more than an interesting academic result, but it has practical
implications. Ignoring income effects (which are usually small), the instructor
can describe Slutsky symmetry for his students as follows: A one-dollar increase
in the price of your product has an effect on the demand for your competitor’s
product which is equal to the effect on the demand for your product of a one-
dollar increase in the price of your competitor’s product. When Slutsky sym-
metry is described in this way, students will be better motivated to derive it
theoretically, test it statistically, and impose it on the estimates.

Starred Sections

From Chapter 10 onward, certain sections (sometimes all sections) of most
chapters are marked by an asterisk. Such sections can be omitted in a first read-
ing; later sections without asterisks are independent of earlier sections with
asterisks except for an occasional sentence in parentheses or brackets. The
instructor can delete the starred sections in an elementary course, althouzh the
allocation of stars is obviously arbitrary to some degree. =

Deleting starred sections in an introductory course is particularly attractive
when this course is part of a two-course sequence: The instructor ¢an then ask
students to review the earlier sections, dlscussed in the first course, before he
proceeds to the later sections of the same chapter in the second course. “However,
even if the sections without asterisks are discussed in one single course, without
a second-course follow-up, the students will have a fairly detailed knowledge of
the standard linear model, including confidence intervals-and ¢ tests, some
knowledge of simultaneous-equation models and of specification, hetero-
scedasticity, and autocorrelation problems, as well as an appreciation- of the
analysis of numerical economic data in conjunction with the correspondmg

economic theory.



Contents

Preface Xy
The Design and Use of This Book . -xwii
List of Tables XX

List of Figures XXV

chapter 1
What Econometrics Is About s

1.1 Typology of Economic Relations I
1.2 The Use of Numerically Specified Economic Relations - 5

Problems 5



vi CONTENTS

part one
THE SIMPLE REGRESSION MODEL

chapter 2
Fitting a Straight Line 9

2.1 Data and Theoretical Relations 9

2.2 'On Sums, Arithmetic Means, and Mean Squares and Products 12
2.3 Fitting a Straight Line by Least Squares 17

2.4 Some Questions 24

Problems 25

chapter 3
Discrete Distributiorn Theory 27

3.1 Univariate Discrete Distributions 27

3.2 Multivariate Discrete Distributions 31

3.3 Conditional Distributions and Stochastic Independence 34
3.4 The Algebra of Expectations 38

Problems 40

chapter 4

Continuous Distribution Theory
and Statistical Inference 43

4.1 Univariate Continuous Distributions 43

4.2 Multivariate Continuous Distribution Theory 46
4.3 Statistical Inference 52

4.4 Point Estimation 54

Problems 58



CONTENTS  vii

chapter 5
Two-Variable Regression 61

- 5.1 The Standard Linear Model 6/

5.2 Least Squares Through the Origin 65

5.3 Unconstrained Least Squares 70

5.4 An Optimal Property of Least-Squares Estimation 78

Problems 82

chapter 6
Two-Variable Correlation 83

6.1 The Correlation Coefficient of Observation Pairs 83
6.2 The Correlation Coefficient of Two Random Variables 85
6.3 The Sampling Covariance and Correlation Coefficient

of the Estimators of Two Parameters &89

Problems 90

part two
THE MULTIPLE REGRESSION MODEL

chapter 7

Fitting a Plane 95

7.1 Fitting a Plane by Least Squares 96
7.2 Extensions 00

7.3 Analysis of Residuals 103

Problems 108



viii CONTENTS

chapter 8
Multiple Regression 110

8.1 Extension of the Standard Linear Model 110
8.2 Least Squares in Multiple Regression 113
8.3 Multicollinearity 121

8.4 Extensions 124

Problems 125

chapter 9
Multiple Correlation 128

9.1 The Coefficient of Multiple Correlation 128
9.2 The Incremental Contributions of Explanatory Variables 132
9.3 More on Multicollinearity 136

Problems 138

chapter 10

Multivariate Normality and Maximum Likelihood 140
10.1 The Multivariate Normal Distribution 140

*10.2 The Method of Maximum Likelihood 147
*10.3 Maximum-Likelihood Estimation in the Standard Linear Model 149

Problems 151

chapter 11
Confidence and Prediction Intervals 153

11.1 Two Distributions Associated with the Normal 153
11.2 Confidence Intervals 156



CONTENTS

11.3 Confidence Intervals in the Standard Linear Model 159
*11.4 Regression Predictions 164 ; .

Problems 168

chapter 12
The Testing of Hypotheses 171

12.1 The First Fundamentals of Hypothesis Testiflg 71
12.2 Hypothesis Testing in the Standard Linear Model 174
*12.3 Likelihood Ratio Tests 179

Problems 184

chapter 13
The Functional Form of a Relation 186

13.1 The Meaning of Linearity 186
. 13.2 The Use of Logarithms 188
13.3 Dummy Variables 194
*13.4 Linearization 195

Problems 197

chapter 14

Consumer Demand Equations 200

14.1 Introduction to Consumer Demand Theory 200

142 The Rotterdam Model 207

14.3 Statistical Inference in the Rotterdam Model 212
*14.4 Groupwise Extensions 219

Problems 226



x CONTENTS

part three
EXTENSIONS OF THE REGRESSION MODEL

chapter 15
Large-Sample Distribution Theory . 231
15.1 Introduction to Large-Sample Theory 231

*]15.2 Large-Sample Analysis 237
*15.3 More on Maximum Likelihood 242

Problems 244

chapter 16

Bayesian Inference ’
and Rational Random Behavior 246

*16.1 Bayesian Inference 246

*16.2 Bayesian Inference in Econometrics 253

*16.3 Rational Random Behavior 255

*16.4 The Asymptotic Theory of Rational Random Behavior 258

Problems 265

chapter 17
Specification and Observational Errors 267

17.1 Functional Forms Further Considered 267
17.2 Regression Strategies 273
17.3 Specification Analysis 276

*17.4 Observational Errors 281

Problems 285



6omms xi

chapter 18
Aggregation 288 ; ' ety

*18.1 The Specification Approach to-the Aggregation Problem - 288
*18.2 An Extension and an Example 1291
*18.3 ' The Convergence Approach to the Aggregation Problem 294

Problems 297

chapter 19

Generalized Least Squarés
and Related Procedures: = 299

19.1 Heteroscedasticity and Weighted Least Squares 299
19.2 Correlated Disturbances and Autoregressive Transformations 302
19.3 Some Statistical Testing Procedures 305

*19.4 The Use of Extraneous Estimators 308

*19.5 Mixed Estimation 317

Problems 316

chapter 20

Introduction to Simultaneous-Equation Problems:
Static Equation Systems 319

20.1 Endogenous and Exogenous Variables 319

20.2 Structural Equations and the Reduced Form 32/

20.3 Least Squares, Indirect Least Squares, and
Instrumental Variables 323

20.4 The Identification Problem 326

20.5 Two-Stage Least Squares 328

Problems 330



xii CONTENTS

chapter 21

Dynamic Equation Systems 332

21.1 Distributed Lags 332
21.2 An Example of a Dynamic Equation System ' 334
21.3 Identification and Estimation in Dynamic Equation Systems 340
21.4 The Final Form of a Dynamic Equation System 342
*21.5 Recursive Systems 346
*21.6 Extensions 349

Problems 352

pért four
PREDICTION AND CONTROL

chapter 22
The Evaluation of Economic Predictions 359 .

22.1 Predictions and Prediction Errors 359

22.2 Predicting the Future and Estimating the Past 362

22.3 Mean-Square-Error Analysis of Predictions and Estimates 365
22.4 Some Useful Diagrams 370

Problems 375

chapter 23
Prediction and Control 377

*23.1 Typology of Predictions. 377
*23.2 Predictions Based on Econometric Models 380
*23.3  Some Problems of Optimal Control 384

Problems 395



