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Preface

Why another time series book? That is a good question since there are so many
excellent books available for a first and/or second course in time series
analysis. Applied Time Series Analysis is a product of more than 25 years of
teaching a course in introductory time series at Southern Methodist Univer-
sity (SMU). This course has always been substantially integrated with the use
of an in-house time series package designed not only to do data analysis but
also to educate users about properties of models. These time series analysis
capabilities are now integrated into the software package GW-WINKS that can
be downloaded from the website given later in the Preface.

Please keep in mind that this book is written to accomplish several distinct
purposes. Among these are (1) provide a teachable book with innovative class-
proven material that can be used in first and second semester time series courses,
(2) cover areas such as long-memory models and data with time-varying
frequencies/autocorrelations that are not typically dealt with in other such
books, and (3) provide the student with the tools to solve real problems. Upon
completion of this book, the student should have the understanding necessary
to model, forecast, and identify the underlying components of a time series.

We believe that the writing style and the accompanying software will make
this book a functional text for experts in the field of time series analysis along
with being an invaluable resource for faculty members who have been
“assigned’” to teach the time series course but have no real experience in this area.

Features of the Book

Chapter 1 provides a treatment of stationarity and an analysis of stationary
time series from both the time and frequency domains. We believe that it is
important for students to become comfortable with the frequency domain
from the get-go. The chapter contains a readable coverage of the frequency
domain that does not assume a prior familiarity with it. Frequency domain
concepts covered in this chapter include (1) frequency and period, (2)
Nyquist frequency, (3) spectrum and spectral density, and (4) periodogram
and window-based estimation of the spectral density.

Chapter 2 discusses basic filter material. In addition to the typical discussion
of the general linear process and its relationship to stationarity, we provide a
section containing practical filtering applications, which includes coverage of
the frequency response function of a filter and how it determines the high pass,
low pass, band pass, etc. properties of the filter. Unique to this statistical time

xvii



xviii Preface

series text is a brief discussion of the Butterworth filter, a widely used filter in
science and engineering but one not usually covered in time series texts.

Chapter 3 gives an extensive coverage of ARMA(p,q) models. Learning the
material in this chapter is greatly enhanced by using the GW-WINKS software,
which provides unique capabilities for generating and plotting realizations
from specified models along with their theoretical autocorrelations and spec-
tral densities. Numerous simulation-based examples are given in this chapter
to show properties of models. Although basic theorems are given and their
proofs either included in the chapter’s appendix or referenced, our coverage
of these models focuses on applications over theory.

Factor tables: Unique to our treatment of ARMA processes is the use of factor
tables that are based on a factoring of the pth and gth order characteristic
polynomials of the autoregressive and moving average portions of an ARMA
(p,q) model into their first and second order factors (see Woodward et al.,
2009). We have used factor tables extensively in our introductory time series
course at SMU for many years, and our experience is that these are indis-
pensable tools for understanding ARMA models. The factor table and
examples in the book are used to aid in understanding

¢ The frequency behavior of models

e How the proximity of a root (of the characteristic equation) affects
the contribution of that root to the model characteristics

e The effect of near cancellation of factors in ARMA(p,q) models

Chapter 4 goes beyond the ARMA(p,q) models and discusses other important
stationary models. We discuss the harmonic component model and its relation-
ship to ARMA (p,9) models. We also give some basic material on ARCH/GARCH
models that is designed to give readers an intuitive grasp of these models, which
have proven to be useful in the analysis of economic time series data.

Chapter 5 contains a treatment of nonstationary models. These include
signal-plus-noise models along with ARMA-type models with roots on the
unit circle. Our treatment of nonstationary ARMA-type models has the
following unique features:

e Use of results due to Findley (1978) and Quinn (1980) that illustrate
the behavior of autocorrelations associated with roots on or close to
the unit circle.

e An extension of the ARIMA(p,d,q) models to ARUMA(p,d,q) models
that include the ARIMA models but also allow for complex conju-
gate roots on the unit circle. That is, these models allow for cyclic
nonstationary behavior.

e A discussion of the seasonal model from the perspective of the
associated factor table.
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Chapter 6 covers forecasting, focusing on the Box—Jenkins approach. We
discuss forecasting using both stationary and nonstationary (ARUMA)
models. Several examples are given.

Chapter 7 provides basic material on parameter estimation. While the main
focus is on maximum likelihood estimation, we discuss computationally
efficient methods and discuss their advantages and disadvantages.

Chapter 8 discusses the topic of ARMA model identification. Our focus is
on the use of AIC and its variations as the primary tool for ARMA model
identification. Other model identification techniques such as the Box—Jenkins
and array methods are discussed in an appendix. One unique feature is our
use of “overfitting” to assist in model identification when some roots are on
(i.e., nonstationary models) or close to the unit circle. We use factor tables to
identify nonstationary ARIMA/ARUMA and seasonal time series models.

Chapter 9 is a relatively unique wrap-up of previous material that dis-
cusses issues related to selecting a final model for a set of data. Through
examples (real and simulated), we give practical advice concerning
checking the whiteness of residuals, deciding whether to use a stationary
or nonstationary model, and whether to use signal-plus-noise or ARMA/
ARUMA models. We also discuss checking the characteristics of realizations
simulated from a fitted model to ascertain whether the characteristics of
generated realizations are consistent with those of the actual data. Students
have told us they like this chapter because it helps them put together
everything they have learned to this point.

Chapter 10 covers multivariate time series and vector autoregressive
models. We also provide an introduction to state-space models that will
provide the reader with an overview of this important topic.

Chapter 11 discusses long-memory models that have received a consider-
able amount of recent attention in the literature. This chapter discusses
not only the fractional (and FARMA) models typically covered in texts
such as these, but also the Gegenbauer and GARMA models that allow for
long-memory behavior associated with any frequency between 0 and 0.5
inclusive.

Chapter 12 covers wavelets and short-term Fourier transforms for analyz-
ing data having behavior patterns that change with time and cannot success-
fully be modeled using ARMA/ARUMA models. We believe that this
material will form the basis for a useful introduction to these ideas for the
instructor who wants to spend a few weeks on wavelets.

Chapter 13 introduces innovative techniques to deal with data with time-
varying frequencies (TVF) such as Doppler, bat echolocation, seismic, and
chirp signals. The fundamental idea is that for many data sets with TVF
behavior there is a transformation of the time axis on which the data are
stationary. This is a topic that is based on recent developments in the literature
and is totally unique to this book. GWS software, which runs on the S-Plus
system, is available on the website.
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Software Available with This Book

One of the unique features of this book is that we provide the (Windows "-
based) software, GW-WINKS, which is easy to learn and use and is designed to
help students understand time series models as well as analyze data. As
mentioned, we highly recommend using the GW-WINKS software with the book.
Sections entitled ““Using GW-WINKS” are included throughout the book to
discuss the use of GW-WINKS for performing analyses. GW-WINKS is a special
purpose version of the WINKS SDA™ software package from TexaSoft (http://
www.texasoft.com). A license for GW-WINKS is included with the book.
While other programs are available for performing many of the procedures
discussed in this book, GW-WINKS provides a “learning environment’” that
enhances the understanding of the material.

The website associated with this book is http://www.texasoft.com/atsa.
This website will be referred to as the ATSA (Applied Time Series Analysis)
website. This site can also be accessed by visiting http://faculty.smu.
edu/waynew and selecting the link to Applied Time Series Analysis.

In addition to providing information on installing and running GW-WINKS,
the website also contains R programs for performing computations related to
some of the topics, primarily those covered in Chapters 11 and 12. Some of
these programs can be run directly through GW-WINKS using data in the GW-
WINKS data sheet. We also provide stand-alone R programs on the website.
The R package can be downloaded free from the Comprehensive R Archive
Network (CRAN) website at http://cran.r-project.org.

The GWS package for using the techniques discussed in Chapter 13 to
analyze TVF data is also available on the ATSA website. GWS requires the
s-pPlus®™ package. Instructions for the use of the GWS software are provided
on the ATSA website. Additionally, step-by-step directions for use of GWS are
included in the Chapter 13 exercises. In the text, we also discuss the use of the
Wavelets module in S-Plus®, along with MATLAB® (Chapter 2) and SAS "
(Chapter 10) for performing certain analyses. Related code is provided on the
ATSA website.

The ATSA website contains the following:

1. A Getting Started Guide for GW-WINKS that includes

a. Instructions for downloading, installing, and activating the GW-
WINKS program

b. Step-by-step tutorials showing how to manage data in GW-WINKS
and how to run a selection of GW-WINKS Time Series procedures

2. R programs for some procedures discussed in the book

3. Instructions on how to write, modify, and run WINKS-R programs
(programs that require R software and are run from the GW-WINKS
menus)
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4. Instructions for downloading and running GWS software
5. Datasets used in examples and problems in the book

6. Updated information on software and a list of corrections for typos
and other errors in the book

For MATLAB" and Simulink™ product information, please contact:

The MathWorks, Inc.

3 Apple Hill Drive

Natick, MA, 01760-2098 USA
Tel: 508-647-7000

Fax: 508-647-7001

E-mail: info@mathworks.com
Web: www.mathworks.com
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