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Preface

The aim of this third, completely re-written, re-edited and considerably expanded,
edition of this book is to provide a general overview of both the basics and re-
cent, more sophisticated, theoretical developments in panel data econometrics. It
also aims at covering a number of fields of applications where these methods are
used for improving our knowledge and understanding of economic agents’ behav-
iors. Since the pioneering works of Edwin Kuh (1959), Yair Mundlak (1961), Irving
Hoch (1962), and Pietro Balestra and Marc Nerlove (1966), the pooling of cross sec-
tions and time series data has become an increasingly popular way of quantifying
economic relationships. Each series provides information lacking in the other, so a
combination of both leads to more accurate, reliable and informative results than
would be achievable by one type of series alone. Over the last three decades of the
last century, much fundamental work has been done: investigation of the properties
of different estimators and test statistics, analysis of dynamic models and the effects
of eventual measurement errors, etc.

The more recent years and in particular the ten years elapsed since the second
edition of this book have witnessed even more considerable changes. Indeed, our
ability to estimate and test nonlinear models have dramatically improved and issues
such as the unobserved heterogeneity in nonlinear models, attrition and selectivity
bias have received considerable attention. This explains why the number of chapters
dealing with such issues has increased in this third edition. Other recent and impor-
tant developments relate to the issue of unit roots and cointegration in long times
series panels as well as that of cross-sectional dependence that occur in particular in
spatial models, and else.

The first objective of this book, which takes up Parts I and II, is to give a com-
plete and state of the art presentation of these theoretical developments. Part I is
concerned with the basic fixed effects, random effects and random coefficients mod-
els, both linear and nonlinear; Part II deals with various extensions: dynamic models
with small T panels, dynamic models with large T panels, models with other sources
of endogeneity (measurement errors, simultaneity) and also provides an overview of
recent developments in several other directions: attrition and selection bias, pseudo-
panels, semi- and non-parametric methods, the Bayesian approach to panel data, the
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poolability of individuals, duration models and point processes, and count data mod-
els. The second objective of this volume is to provide insights into the use of panel
data in empirical studies. Since the beginnings, interest in panel data has mostly
been empirically motivated. Panel data methods have gained an increased impor-
tance over time and are now applied in a very large spectrum of economic studies.
Part III thus deals with studies in several major fields of applied economics, such as
foreign direct investments, production frontiers, linked employer-employee data, la-
bor supply, policy analysis and transitions on the labor market. Some of the chapters
in this third edition are revised versions of those already published in the previous
ones, while several others are completely new contributions. In this respect, we are
particularly happy to welcome aboard our new authors. Their input definitely helped
to substantially improve the contents of this volume.

The double emphasis of this book (theoretical and applied), together with the
fact that all the chapters have been written by well-known specialists in the field,
encourage us to hope that it has now become a standard reference textbook for
all those who are concerned with the use of panel data in econometrics, whether
they are advanced students, professional economists or researchers. The editors have
tried to standardize the notation, language, depth, etc. in order to present a coherent
book. However, each chapter is capable of standing on its own as a reference in its
own topic.

We must address our thanks to all those who have facilitated the creation of this
book: the contributors who produced quality work, then took part in an internal
refereeing process to ensure a high overall standard; Kluwer Academic Publishers,
who had the foresight to publish in a subject which, at the time of the first edition,
had a limited, but expanding, audience; and of course Springer which has become
our publisher by now. In particular, Cathelijne van Herwaarden, Herma Drees, Marie
Sheldon, Martina Bihn, Ruth Milewski and Isabelle George must be thanked for
their help in the realization of this volume. Also, the University of Paris—Val de
Marne in France; the Monash Research Fund and the Australian Research Council
in Australia, and the Budapest University of Economics and the Hungarian Research
Fund (OTKA) in Hungary must be thanked for having provided financial support to
the editors for the earlier editions. This third edition has benefited from generous
financial support provided by the Central European University and the University of
Paris-Val de Marne.

Budapest and Paris Laszl6 Matyas
January 2008 Patrick Sevestre
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Chapter 1
Introduction

Marc Nerlove, Patrick Sevestre and Pietro Balestra

1.1 Introduction

In his famous and influential monograph, The Probability Approach in Economet-
rics, Haavelmo (1944) laid the foundations for the formulation of stochastic econo-
metric models and an approach which has dominated our discipline to this day. He
wrote:

... we shall find that two individuals, or the same individual in two different time periods,
may be confronted with exactly the same set of specified influencing factors [and, hence,
they have the same y*, ... ], and still the two individuals may have different quantities y,
neither of which may be equal to y*. We may try to remove such discrepancies by introduc-
ing more “explaining” factors, x. But, usually, we shall soon exhaust the number of factors
which could be considered as common to all individuals, and which, at the same time, were
not merely of negligible influence upon y. The discrepancies y — y* for each individual may
depend upon a great variety of factors, these factors may be different from one individual
to another, and they may vary with time for each individual (Haavelmo, 1944, p. 50).

And further that:

...we find justification for applying them [stochastic approximations] to economic phenom-
ena also in the fact we usually deal only with—and are interested only in—total or average
effects of many individual decisions, which are partly guided by common factors, partly by
individual specific factors. .. (Haavelmo, 1944, pp. 51 and 56)

Marc Nerlove
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Marschak (1950, 1953) further amplified Haavelmo’s themes in his introduction
to Cowles Commission Monographs 10 and 14, observing that:

The numerous causes that determine the error incurred . .. are not listed separately; instead
their joint effect is represented by the probability distribution of the error, a random variable
(1950, p. 18) [which] ... is called ‘disturbance’ or ‘shock,” and can be regarded as the joint
effect of numerous separately insignificant variables that we are unable or unwilling to
specify but presume to be independent of observable exogenous variables. (1953, p. 12).

In this introduction we examine how the basic principle underlying the formulation
of econometric models has been carried forward in the development of econometric
models and methods for the analysis of panel data. We argue that while fixed effects
models may be appropriate in cases in which a population is sampled exhaustively
(e.g., data from geographic regions over time) or in which it is desired to predict
individual behavior (e.g., the probability that a given individual in a sample will de-
fault on a loan), random effects models are more consistent with Haavelmo’s view,
quoted above, that the “population” we model in econometrics consists not of an
infinity of individuals, in general; but of an infinity of decisions. This is not to say,
however, that fixed effects models may not be extremely useful as an analytic device.

Moreover, we shall argue, taking a leaf from Knight (1921), that what differenti-
ates the individuals, who make the decisions with which we are concerned, is largely
historical, the “three great accumulating funds of inheritance from the past, material
goods and appliances, knowledge and skill, and morale.” This view has important
implications for the relevance and appropriateness of many of the models and meth-
ods for the analysis of panel data which have been developed over the past 40 years.
We briefly review these developments here and conclude that not only are random
effects models most relevant and appropriate but that often our central analytical and
modelling concerns are also dynamic. Thus, the most fruitful developments in this
enormous literature have been those which deal with the central issues of history
and dynamics.

1.2 Data, Data-Generating Processes (DGP), and Inference

In most applications of statistical analysis in the so-called “hard” sciences, the pro-
cess by which the observed data are generated is transparent, having usually been
determined by the investigator by design. In contrast, in many applications in the
social sciences, especially in economics, the mechanism by which the data are gen-
erated is opaque. In such circumstances, estimation of the parameters of the statis-
tical or econometric model and the testing of specific hypotheses about it are only
half the problem of inference. Understanding the process by which the observations
at hand are generated is of equal importance. Were the data for example obtained
from a sample of firms selected by stratified random sampling from a census of all
firms in the United States in 2000? For example, were they obtained from regulatory
activity? In the case of time series, the data are almost always “fabricated” in one
way or another, by aggregation, interpolation, or extrapolation, or by all three. The
nature of the sampling frame or the way in which the data are fabricated must be
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part of the model specification on which parametric inference or hypothesis testing
is based. Nonparametric inference imposes fewer restrictions on the specification of
the DGP but incorporation of knowledge about the nature of the DGP is of equal
importance. Almost all the methodological papers in Parts 1 and 2 of this volume
focus primarily on problems of estimation and inference from a parametrically well-
specified model of how the observed data were generated and variously draw their
interest from different types of data and their DGPs. In this section we address the
issue of why the DGP matters in the context of a specific, although somewhat ab-
stract, example.

Suppose a longitudinal household survey in which the same households are ques-
tioned over time about their actions in, say, a number of consecutive months or
years and, initially, about various demographic and economic characteristics. These
households differ in various ways, some of which we observe and many which we
do not. Some of these differences are the result of their past behavior or past circum-
stances (path dependence), some are differences in tastes or other unobserved char-
acteristics which may be assumed to be permanent (individual heterogeneity), and
some are due to peculiarities not permanently associated with time or individual.!

What, in the context of these data, can be considered as random, what is the pop-
ulation from which we may consider the data a sample, and what is a parameter, and
what a random variable? These issues are central to an understanding of the DGP.

Statistical and, a fortiori, econometric analysis, are usually based on the idea
of sampling from a population in order to draw inferences for the underlying pop-
ulation. But what is the population from which economic data may be supposed
to be a sample? In his famous 1944 monograph, Haavelmo (1944, p.56) wrote,
“... the class of populations we are dealing with does not consist of an infinity of
different individuals, it consists of an infinity of possible decisions which might
be taken ...”. In their recent text, Econometric Theory and Methods, Davidson and
MacKinnon (2004, pp. 30-31) make the same point: “In econometrics, the use of the
term population is simply a metaphor. A better concept is that of a data-generating
process, or DGP. By this term, we mean whatever mechanism is at work in the real
world of economic activity giving rise to the numbers in our samples, that is, pre-
cisely the mechanism that our econometric model is supposed to describe. A DGP
is thus the analog of a population in biostatistics. Samples may be drawn from a
DGP just as they may be drawn from a population. In both cases, the samples are
assumed to be representative of the DGP or population from which they are drawn.”

What is a random variable in this context and what is not? Whether or not a
particular variable can be considered a random draw from some population or not,
in principle can be decided by applying the principle of “exchangeability” intro-
duced by de Finetti (1930). In a nutshell, the idea, very Bayesian in flavor, is to ask
whether we can exchange two elements in a sample and still maintain the same sub-
jective distribution. Thus, in a panel study of households, are any two households in
the sample exchangeable without affecting the distribution, from which we imagine

! In his paper, “Identifying the Hand of the Past: Distinguishing State Dependence from Hetero-
geneity”, Heckman (1991) argues that in general it is not possible to distinguish. The ability to do
so rests critically “on maintaining explicit assumptions about the way in which observables and
unobservables interact.”
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household observables and unobservables to be drawn? In a panel of state data, are
California and Maryland exchangeable without affecting the subjective distribution
of the state effects? It’s a dicey question — sometimes.

From the standpoint of a Bayesian there is no real distinction between a param-
eter and a random variable, but in this context we could say that a parameter is an
unobserved variable which affects the distribution of the random variables of the
model and is unaffected by the particular values such variables take on. It is what
we wish to estimate and about which we wish to make inferences. A related concept
is that of an exogenous variable. But note here that such an exogenous variable is
still a random variable and not a parameter.

In general, in the formulation of econometric models (i.e., the DGP for the pro-
cess yielding the particular set of data we want to “explain”) the distinction between
what can be observed and what is not is fundamental. Linear functions are often
used to describe such a DGP. To get more precisely to the issues posed by the for-
mulation of the DGP for a sample of economic data, we need to include several
observable variables. Suppose that we draw a random sample of N individuals over
T time periods; for example a household survey in which we collect observations
on the income, x;; and consumption of household i, y;, for many households N, in
year t over a brief period 7. From the survey we have observations on the pairs (x;,
yir). Since the households are chosen at random for the survey, but the years over
which they are observed are not, the lists (x;1,y;1, ..., X7, yi7)- i = 1,..., N, are
exchangeable, but the order within each list is not.

Imagine we are estimating a consumption function and assume a linear relation-
ship subject to error:

Yie =a+bxy+&; (1.1)

This would be the case, if for example, the joint distribution of variables could
be assumed normal and we were trying to estimate the mean of y;; for a particular
year ¢ conditional on x;;. We might then write &; as

€ = Wi+ A +ui (1.2)

where €;; is an unobserved random variable which is the sum of three effects, all of
which are also unobserved: A, is a year effect, arguably nonrandom and therefore a
parameter to be estimated for each year, ; 1l; is a household effect, which, in view of
the way the observations are drawn, should surely be treated as random, and, finally,
u;; is a random variable to represent all the rest.

We are far from done yet, however. The question remains as to what we should
assume about the observable variables, x;. They are clearly random variables jointly
distributed with the variable y;. If not subject to errors of measurement, an as-
sumption difficult to justify in the context of an economic survey, are they also
independent of, or at least uncorrelated with, the disturbances ¢; in (1.1)? This
question clearly affects not only what we can say about the DGP which generates
our observations, but also how many and what parameters must be considered. Let
us examine the regression with some care. Since A, is not a random variable but a
parameter, consider it to be a constant for each ¢ and add it to the constant a in the
regression equation (1.1):



