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Preface

This book is designed for researchers and students who want to acquire advanced
skills in nonlinear time series analysis and their applications. Before reading this
text, we suggest a solid knowledge of linear Gaussian time series, for which there
are many texts. At the advanced level, texts that cover both the time and frequency
domains are Anderson (1994), Brockwell and Davis (1991), and Fuller (1996). At the
intermediate level, we mention Hamilton (1994), Kitagawa (2010), and Shumway
and Stoffer (2011), which cover both the time and frequency domains, and Box and
Jenkins (1970), which covers primarily the time domain. Hannan and Deistler (2012)
is an advanced text on the statistical theory of linear state space systems. There are a
number of texts that cover time series at a more introductory level, but the material
covered in this text requires at least an intermediate level of understanding of the
time domain.

While it is not sensible to view statistics simply as a branch of mathematics, we
believe that statistical modeling and inference need to be firmly grounded in theory.
Although we avoid delving into sophisticated mathematical derivations, most of the
statements of the book are rigorously established. The reader is therefore expected
to have some background in measure theory (covering the construction of the mea-
sure and Lebesgue integrals), and in probability theory (including conditional ex-
pectations, the construction of discrete time stochastic processes and martingales).
Examples of courses covering this material are Doob (1953), Billingsley (1995),
Shiryaev (1996), and Durrett (2010), among many others. Although we constantly
use measure-theoretic concepts and notations, nothing excessively deep is used. An
introduction to discrete state space Markov chains is clearly a plus, but is not needed.

The book represents a biased selection of topics in nonlinear time series, reflect-
ing our own inclinations toward state-space representations. Our focus on principles
is intended to provide readers with a solid background to craft their own stochas-
tic models, numerical methods, and software, and to be able to assess the advantages
and disadvantages of different approaches. We do not believe in pulling mathematical
formulas out of thin air, or establishing a catalog of models and methods. Of course,
this attitude reflects our mathematical orientation and our willingness to postpone the
statistical discussion to pay attention to rigorous theoretical foundations.

There are a number of texts that cover nonlinear and non-Gaussian models from
a variety of points-of-view. Because financial series tend to be nonlinear, there are
many texts that focus primarily on finance such as Chan (2002), Franses and Van Dijk
(2000), and Tsay (2005). The text by Teräsvirta et al. (2011), while focusing primar-
ily on finance, is a rather comprehensive and approachable text on the subject. Other

xiii
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texts that present general statistical approaches to nonlinear time series models are
Fan and Yao (2003) and Gao (2007), which take a nonparametric or semiparametric
smoothing approach, Priestley (1988), which focuses on nonlinear models and spec-
tral analysis for nonstationary processes, and Tong (1983), which introduces thresh-
old models. Tong (1990) and Kantz and Schreiber (2004) take a dynamical systems
approach and present a wide array of nonlinear time series models. Two other texts
that focus primarily on a state-space approach to nonlinear and non-Gaussian time
series are Kitagawa and Gersch (1996) and the second part of Durbin and Koopman
(2012). MacDonald and Zucchini (2009), Fraser (2008) and Kitagawa (2010) present
a state-space approach to modeling linear and nonlinear time series at an introduc-
tory level. Kitagawa (2010) could serve as a supplement for readers seeking a more
gentle initial approach to the subject.

We are agnostic about the nature of statistical inference. The reader must def-
initely look elsewhere for a philosophical discussion of the relative merits of fre-
quentist versus Bayesian inference. Our belief is that nonlinear time series generally
benefit from analysis using a variety of frequentist and Bayesian methods. These
different perspectives strengthen the conclusions rather than contradict one another.

Our hope is to acquaint readers with the main principles behind nonlinear time se-
ries models without overwhelming them with difficult mathematical developments.
To keep the book length within acceptable limits, we have avoided the use of so-
phisticated probabilistic arguments, which underlie most of the recent developments
of continuous state space Markov chains and sequential Monte Carlo methods. For
the statistical part, we cover mostly the basics; other important concepts like the lo-
cal asymptotic normality (e.g., Taniguchi and Kakizawa, 2000), empirical process
techniques (e.g., Dehling et al., 2002), cointegration (e.g., Fuller, 1996), multivariate
time series (e.g., Reinsel, 2003, Lütkepohl, 2005), model selection, semiparametric
and nonparametric inference (e.g., Fan and Yao, 2003), and so on, may be found in
other texts. We are, of course, responsible for any and all mistakes, misconceptions
and omissions.

Although there is a logical progression through the chapters, the three parts can
be studied independently. Some chapters within each part may also be read as in-
dependent surveys. Several chapters highlight recent developments such as explicit
rate of convergence of Markov chains (we use the techniques outlined in Hairer and
Mattingly, 2011 to discuss the geometric ergodicity of Markov chains), or sequen-
tial Monte Carlo techniques (covering for example the recently introduced particle
Markov chain Monte Carlo methods found in Andrieu et al., 2010).

Any instructor contemplating a one-semester course based on this book will have
to decide which chapters to cover and which to omit. The first part can be seen as a
crash course on “classical” time series, with a special emphasis on linear state space
models and a rather detailed coverage on random coefficient autoregressions, cover-
ing both ARCH and GARCH models. The second part is a self-contained introduc-
tion to Markov chain, discussing stability, the existence of a stationary distribution,
ergodicity, limit theorems and statistical inference. Many examples are provided with
the objective to develop empirical skills. We have already covered parts I and II in
a fast-paced one semester advanced master level course. Part III is a self-contained
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account of nonlinear state space and sequential Monte Carlo methods. It is an ele-
mentary introduction to nonlinear state space modeling and sequential Monte Carlo,
but it touches on many current topics in this field, from the theory of statistical in-
ference to advanced computational methods. This has been used as a support to an
advanced course on these methods, and can be used by readers who want to have an
introduction to this field before studying more specialized texts such as Del Moral
(2004) or Del Moral et al. (2010).

As with any textbook, the exercises are nearly as important as the main text.
Statistics is not a spectator sport, so the book contains more than 200 exercises to
challenge the readers. Most problems merely serve to strengthen intellectual mus-
cles strained by the introduction of new theory; some problems extend the theory in
significant ways.

We acknowledge the help of Julien Cornebise and Fredrik Lindsten who partici-
pated in the writing of the text and contributed to Chapter 11 and Chapter 12 in Part
III. Julien also helped us considerably in the development of R code. We are also in-
debted to Pierre Priouret for suggesting various forms of improvement in the presen-
tation, layout, and so on, as well as helping us track typos and errors. We are grateful
to Christophe Andrieu, Pierre Del Moral, and Arnaud Doucet, who generously gave
us some of their time to help to decipher many of the intricacies of the particle filters.
This work would have not been possible without the continuous support of our col-
leagues and friends Olivier Cappé, Gersende Fort, Jimmy Olsson, François Roueff,
and Philippe Soulier, who provided various helpful insights and comments. We also
acknowledge Hedibert Freitas Lopes and Fredrik Lindsten for distributing code that
became the basis of some of the R scripts used in Section 12.2. Finally, we thank
John Kimmel for his support and enduring patience.

R. Douc thanks Telecom SudParis for a six month sabbatical in 2012 to work on
the text. E. Moulines thanks Telecom ParisTech for giving him the opportunity to
work on this project. D.S. Stoffer thanks the U.S. National Science Foundation and
Telecom ParisTech for partial support during the preparation of this manuscript. In
addition, most of the time spent on the text was during a visiting professorship at
the Booth School of Business, University of Chicago, and their support is gratefully
acknowledged.

The webpage for the text, www.stat.pitt.edu/stoffer/nltsa, contains the R scripts
used in the examples and other useful information such as errata.

Paris Randal Douc
Paris Eric Moulines
Chicago David S. Stoffer
September, 2013
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