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Introduction to Bayesian Econometrics

This concise textbook is an introduction to econometrics from the Bayesian view-
point. It begins with an explanation of the basic ideas of subjective probability and
shows how subjective probabilities must obey the usual rules of probability to
ensure coherency. It then turns to the definitions of the likelihood function, prior
distributions, and posterior distributions. It explains how posterior distributions are
the basis for inference and explores their basic properties. The Bernoulli distribution
is used as a simple example. Various methods of specifying prior distributions are
considered, with special emphasis on subject-matter considerations and exchange
ability. The regression model is examined to show how analytical methods may fail
in the derivation of marginal posterior distributions, which leads to an explanation
of classical and Markov chain Monte Carlo (MCMC) methods of simulation. The
latter is proceeded by a brief introduction to Markov chains. The remainder of the
book is concerned with applications of the theory to important models that are used
in economics, political science, biostatistics, and other applied fields. These include
the linear regression model and extensions to Tobit, probit, and logit models; time
series models; and models involving endogenous variables.

Edward Greenberg is Professor Emeritus of Economics at Washington Uni-
versity, St. Louis, where he served as a Full Professor on the faculty from
1969 to 2005. Professor Greenberg also taught at the University of Wiscon-
sin, Madison, and has been a Visiting Professor at the University of Warwick
(UK), Technion University (Israel), and the University of Bergamo (Italy). A
former holder of a Ford Foundation Faculty Fellowship, Professor Greenberg
is the coauthor of four books: Wages, Regime Switching, and Cycles (1992),
The Labor Market and Business Cycle Theories (1989), Advanced Economet-
rics (1983, revised 1991), and Regulation, Market Prices, and Process Innova-
tion (1979). His published research has appeared in leading journals such as
the American Economic Review, Econometrica, Journal of Econometrics, Jour-
nal of the American Statistical Association, Biometrika, and the Journal of
Economic Behavior and Organization. Professor Greenberg’s current research
intersts include dynamic macroeconomics as well as Bayesian econometrics.



Preface

To Instructors and Students

THIS BOOK 1S a concise introduction to Bayesian statistics and econometrics. It
can be used as a supplement to a frequentist course by instructors who wish to
introduce the Bayesian viewpoint or as a text in a course in Bayesian econometrics
supplemented by readings in the current literature.

While the student should have had some exposure to standard probability theory
and statistics, the book does not make extensive use of statistical theory. Indeed,
because of its reliance on simulation techniques, it requires less background in
statistics and probability than do most books that take a frequentist approach. It is,
however, strongly recommended that the students become familiar with the forms
and properties of the standard probability distributions collected in Appendix A.

Since the advent of Markov chain Monte Carlo (MCMC) methods in the early
1990s, Bayesian methods have been extended to a large and growing number
of applications. This book limits itself to explaining in detail a few important
applications. Its main goal is to provide examples of MCMC algorithms to enable
students and researchers to design algorithms for the models that arise in their
own research. More attention is paid to the design of algorithms for the models
than to the specification and interpretation of the models themselves because we
assume that the student has been exposed to these models in other statistics and
econometrics classes.

The decision to keep the book short has also meant that we have taken a stand on
some controversial issues rather than discuss a large number of alternative methods.
In some cases, alternative approaches are discussed in end of chapter notes.

Exercises have been included at the end of the chapters, but the best way to learn
the material is for students to apply the ideas to empirical applications of their
choice. Accordingly, even though it is not explicitly stated, the first exercise at the
end of every chapter in Part 11l should direct students to formulate a model; collect
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Xiv Preface

data; specify a prior distribution on the basis of previous research design and, if
necessary, program an algorithm; and present the results.

A link to the Web site for the course may be found at my Web site: http://edg.
wustl.edu. The site contains errata, links to data sources, some computer code, and
other information.
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Part I

Fundamentals of Bayesian Inference






Chapter 1

Introduction

THIS CHAPTER INTRODUCES several important concepts, provides a guide to
the rest of the book, and offers some historical perspective and suggestions for
further reading.

1.1 Econometrics

Econometrics is largely concerned with quantifying the relationship between one or
more more variables y, called the response variables or the dependent variables, and
one or more variables x, called the regressors, independent variables, or covariates.
The response variable or variables may be continuous or discrete; the latter case
includes binary, multinomial, and count data. For example, y might represent the
quantities demanded of a set of goods, and x could include income and the prices
of the goods; or y might represent investment in capital equipment, and x could
include measures of expected sales, cash flows, and borrowing costs; or y might
represent a decision to travel by public transportation rather than private, and x
could include income, fares, and travel time under various alternatives.

In addition to the covariates, it is assumed that unobservable random variables
affect y, so that y itself is a random variable. It is characterized either by a prob-
ability density function (p.d.f.) for continuous y or a probability mass function
(p.m.f.) for discrete y. The p.d.f. or p.m.f. depends on the values of unknown pa-
rameters, denoted by 6. The notation y ~ f(y|€, x) means that y has the p.d.f. or
p-m.f. f(y|6, x), where the function depends on the parameters and covariates. It
is customary to suppress dependence on the covariates when writing the p.d.f. of y,
so we write y ~ f(y|0) unless it is necessary to mention the covariates explicitly.

The data may take the form of observations on a number of subjects at the
same point in time — cross section data — or observations over a number of time
periods — time series data. They may be a combination of cross-section and time-
series observations: data over many subjects over a relatively short period of time



