Preface

This book aims at introducing the reader to statistical time series analysis by
dynamic linear models. We have tried to be precise and rigorous in discussing
the main concepts and tools, yet keeping a simple and friendly style of presentation. The main methods and models are widely illustrated with examples
based on real data, implemented in R. Together with the book, we developed
an R package for inference and forecasting with dynamic linear models; the
dlm package is available as a contributed package in the Comprehensive R
Archive Network at http://www.r-project.org/.
In the recent years, there has been an enormous growth of interest for statistical applications of dynamic linear models and, more generally, state-space
models, in a wide range of applied fields, such as biology, economics, finance,
marketing, quality control, engineering, demography, climatology, to mention
only a few. State space models provide a very flexible yet fairly simple tool for
analyzing dynamic phenomena and evolving systems, and have significantly
contributed to extend the classical domains of application of statistical time
series analysis to non-stationary, irregular processes, to systems evolving in
continuous-time, to multivariate, continuous and discrete data. An extremely
wide range of applied problems can be treated inside the framework of dynamic linear models or, more generally, state-space models.
The book covers the basic notions of dynamic linear models and state
space models, the celebrated Kalman filter for estimation and forecasting in
a dynamic linear model with known parameters, and maximum likelihood
estimation. It also presents a wide array of specific dynamic linear models
particularly suited for time series analysis, both for univariate and multivariate data. But these topics are of course also covered in other very good books
in the rich literature on dynamic linear models, and several statistical softwares include packages for time series analysis through maximum likelihood
and Kalman filtering. What we felt was somehow missing was an up to date,
rigorous yet friendly reference—and software—for applied Bayesian time series analysis through dynamic linear models and state space models. This
seemed to be missing despite the fact that the Bayesian approach has become
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more and more popular in applications, due to the availability of modern
and efficient computational tools. So, while also covering maximum likelihood
methods, our focus in the book is on Bayesian time series analysis based on
dynamic linear models.
We do not expect the reader to be an expert in Bayesian inference, so we
begin with a short introduction to the Bayesian approach in Chapter 1. Also
for a Bayesian reader, this is useful to set the notation and to underline some
basic concepts that are used in the following chapters: for example, in presenting the simplest notions, such as Bayesian conjugate inference for a Gaussian
model, we underline the recursive structure of the estimates, that will be one
of the basic aspects of inference for dynamic linear models. Chapter 2 introduces the general setting of state space models and dynamic linear models,
including the fundamental algorithms to sequentially update estimates and
forecasts and the Kalman filter. Chapters 3 and 4 are in a sense the core
of the book. In Chapter 3 the reader will find a discussion of a broad spectrum of specific models suited for the analysis of many kinds of data showing
different features. Thus, Chapter 3 should be considered as a toolbox, illustrating a set of models from which the user can select the most appropriate for
the application at hand. Chapter 4 covers maximum likelihood and Bayesian
inference for dynamic linear models containing unknown parameters—which
is always the case in practice. Many of the models introduced in Chapter 3
are discussed again there in this perspective. For most of the covered models we provide detailed examples of their use, corredated with the relevant
R code. When possible, Bayesian estimates are evaluated using closed form
algorithms. But in more elaborate models, analytical computations become
intractable and simulation techniques are used to approximate the Bayesian
solutions. We describe Markov chain Monte Carlo methods for Bayesian inference in dynamic linear models. The R package dlm provides functions for
one of the basic steps in Bayesian computations in dynamic linear models,
the so-called forward filtering-backward sampling algorithm, and other computational tools, with many examples, are provided. In Chapter 5, we present
modern sequential Monte Carlo and particle filter algorithms for on-line estimation and forecasting.
Of course we cannot cover all of the extremely rich variety of models, applications, and problems in Bayesian inference with dynamic linear models, and
many things will be missing. However, we hope to give a solid background
on the main concepts and notions, leading the reader to acquire the skills
for specific, personal elaborations, for which the flexibility of R and the dlm
package will provide convenient, helpful tools. On the web site of the book,
definetti.uark.edu/~gpetris/dlm, the reader will find data sets not included in the package and the code to run all the examples in the book. In
addition, we plan to post there an updated list of errata.
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The motivation for this book came from the authors’ teaching experience in courses on time series analysis. We wanted to teach a course
including—besides the classical ARMA models, descriptive techniques, exponential smoothing, and so on—more modern approaches, in particular
Bayesian inference for time series through dynamic linear models. Again, we
felt that a textbook, and a friendly but flexible software, were missing. So we
started working on this project. We hope students, researchers, and practitioners will find the book and the software that resulted from our effort of
some help.
We would like to thank Springer-Verlag’s referees for their encouragement
and valuable suggestions. Our thanks go also to our editor, John Kimmel, for
his patience and support.
The dlm package would not exist without R, for which we thank R-core.
Several people on r-help, the general R mailing list, have contributed their
suggestions and feedback during the development of the package: we thank all
of them. In particular, we thank Spencer Graves and Michael Lavine for their
comments and suggestions on earlier versions of the package. Michael Lavine
taught a course at the University of Massachusets using R and dlm from an
early draft of the book, and we thank him for the valuable feedback he gave
us. One of the authors (GP) taught some short courses based on preliminary
versions of the book at Bocconi University and the University of Roma 3
and would like to thank Pietro Muliere, Carlo Favero, Julia Mortera, and his
coauthor, Sonia Petrone, for the kind invitations and the hospitality. SP used
draft versions of the book in her graduate courses on time series analysis at
Bocconi University: students’ feedback has been precious. We thank all our
students at the University of Arkansas, Bocconi University, and the University
of Roma 3 who, with their comments, questions, suggestions, interest and
enthusiasm, have contributed to the development of this book. Among them,
a special thanks goes to Paolo Bonomolo and Guido Morandini.
Needless to say, the responsibility for any remaining mistakes, obscurities,
or omissions—in the book and in the package—lies solely with us.
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