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The last decade has witnessed an increased interest in time series analysis. Non-parametric
methods like spectral and cross spectral analysis are used to discover regularities in individual
time series, re lationships between specific components of different time series and leads or
lags between those series. Box-Jenkins procedures for the pa rametric estimation of
autoregressive-moving average schemes be long nowadays to the standard equipment of a
computer center. In economics this revival of time series analysis has led to numer ous
empirical studies on optimal seasonal adjustment procedures, the behavior of prices,
production, employment etc. More recently, Box Jenkins methods form an integral part for tests
on the efficiency of markets, the effectiveness of monetary and fiscal policies and for the study
of the röle of different assumptions on the formation of expec tations. This volume
comprehends aseries of lectures which deal with var ious topics of time series analysis
delivered during the wintersemester 1978/79 at the faculty of economics and statistics. The
collection be gins with a paper by M. Nerlove introducing the concept of unob served
components. Theoretical results are illustrated by examples se ries on prices of steers, heifers,
cows and milk, of cattle and for time hog slaughter, of industrial production and male
unemployment. The study by S. Heiler considers a mixed model with a linear regression part
and a regular residual process for the prediction of economic processes when additional
information is available.
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Spectral analysis is widely used to interpret time series collected in diverse areas. This book
covers the statistical theory behind spectral analysis and provides data analysts with the tools
needed to transition theory into practice. Actual time series from oceanography, metrology,
atmospheric science and other areas are used in running examples throughout, to allow clear
comparison of how the various methods address questions of interest. All major nonparametric
and parametric spectral analysis techniques are discussed, with emphasis on the multitaper
method, both in its original formulation involving Slepian tapers and in a popular alternative
using sinusoidal tapers. The authors take a unified approach to quantifying the bandwidth of
different nonparametric spectral estimates. An extensive set of exercises allows readers to test
their understanding of theory and practical analysis. The time series used as examples and R
language code for recreating the analyses of the series are available from the book's website.
Hardbound. This volume of the Handbook is concerned particularly with the frequency side, or
spectrum, approach to time series analysis. This approach involves essential use of sinusoids
and bands of (angular) frequency, with Fourier transforms playing an important role. A principal
activity is thinking of systems, their inputs, outputs, and behavior in sinusoidal terms. In many
cases, the frequency side approach turns out to be simpler with respect to computational,
mathematical, and statistical aspects. In the frequency approach, an assumption of stationarity
is commonly made. However, the essential roles played by the techniques of complex
demodulation and seasonal adjustment show that stationarity is far from being a necessary
condition. Assumptions of Gaussianity and linearity are also commonly made and yet, as a
variety of the papers illustrate, these assumptions are not necessary. This volume
complements Handbook of Statistics 5: Time Series in the
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The Spectral Analysis of Time Series ...
This book gives the reader the basic knowledge of the theory of random processes necessary
for applying to study climatic time series. It contains many examples in different areas of time
series analysis such as autoregressive modelling and spectral analysis, linear extrapolation,
simulation, causality, relations between scalar components of multivariate time series, and
reconstructions of climate data. As an important feature, the book contains many practical
examples and recommendations about how to deal and how not to deal with applied problems
of time series analysis in climatology or any other science where the time series are short.
Since 1975, The Analysis of Time Series: An Introduction has introduced legions of statistics
students and researchers to the theory and practice of time series analysis. With each
successive edition, bestselling author Chris Chatfield has honed and refined his presentation,
updated the material to reflect advances in the field, and presented interesting new data sets.
The sixth edition is no exception. It provides an accessible, comprehensive introduction to the
theory and practice of time series analysis. The treatment covers a wide range of topics,
including ARIMA probability models, forecasting methods, spectral analysis, linear systems,
state-space models, and the Kalman filter. It also addresses nonlinear, multivariate, and longmemory models. The author has carefully updated each chapter, added new discussions,
incorporated new datasets, and made those datasets available for download from
www.crcpress.com. A free online appendix on time series analysis using R can be accessed at
http://people.bath.ac.uk/mascc/TSA.usingR.doc. Highlights of the Sixth Edition: A new section
on handling real data New discussion on prediction intervals A completely revised and
restructured chapter on more advanced topics, with new material on the aggregation of time
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series, analyzing time series in finance, and discrete-valued time series A new chapter of
examples and practical advice Thorough updates and revisions throughout the text that reflect
recent developments and dramatic changes in computing practices over the last few years The
analysis of time series can be a difficult topic, but as this book has demonstrated for two-and-ahalf decades, it does not have to be daunting. The accessibility, polished presentation, and
broad coverage of The Analysis of Time Series make it simply the best introduction to the
subject available.

This text employs basic techniques of univariate and multivariate statistics for the
analysis of time series and signals.
A principal feature of this book is the substantial care and attention devoted to
explaining the basic ideas of the subject. Whenever a new theoretical concept is
introduced it is carefully explained by reference to practical examples drawn
mainly from the physical sciences. Subjects covered include: spectral analysis
which is closely intertwined with the "time domain" approach, elementary notions
of Hilbert Space Theory, basic probability theory, and practical analysis of time
series data. The inclusion of material on "kalman filtering", state-space filtering",
"non-linear models" and continuous time" models completes the impressive list of
unique and detailed features which will give this book a prominent position
among related literature. The first section Volume 1 deals with single (univariate)
series, while the second Volume 2 treats the analysis of several (multivariate)
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series and the problems of prediction, forecasting and control.
The important data of economics are in the form of time series; therefore, the
statistical methods used will have to be those designed for time series data. New
methods for analyzing series containing no trends have been developed by
communication engineering, and much recent research has been devoted to
adapting and extending these methods so that they will be suitable for use with
economic series. This book presents the important results of this research and
further advances the application of the recently developed Theory of Spectra to
economics. In particular, Professor Hatanaka demonstrates the new technique in
treating two problems-business cycle indicators, and the acceleration principle
existing in department store data. Originally published in 1964. The Princeton
Legacy Library uses the latest print-on-demand technology to again make
available previously out-of-print books from the distinguished backlist of
Princeton University Press. These editions preserve the original texts of these
important books while presenting them in durable paperback and hardcover
editions. The goal of the Princeton Legacy Library is to vastly increase access to
the rich scholarly heritage found in the thousands of books published by
Princeton University Press since its founding in 1905.
The Spectral Analysis of Time SeriesElsevier
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On consistent estimates of the spectral density of a stationary time series;
Analysis of a general system for the detection of amplitude-modulated noise; A
central limit theorem for multilinear stochastic processes; Conditions that a
stochastic process ber egodic; On consistent estimates of the spectrum of a
stationary time series; On choosing an estimate of the spectral density function of
a stationary time series; On asymptotically efficient consistent estimates of the
spectral density function of a stationary time series; General considerations in the
analysis of spectra; Mathematical considerations in the estimation of spectra;
Spectral analysis of asymptotically stationary time series; On spectral analysis
with missing observations and amplitude modulation; Notes on fourier analysis
and spectral windows; Statistical inference on time series by Hilbert space
methods; An approach to time series analysis; Regression analysis of continuous
parameter time series; A new approach to the synthesis of optimal smoothing
and prediction systems; Probability density functionals and reproducing kernel
hilbert spaces; Extraction and detection problems and reproducing kernel hilbert
spaces; On estimation of a probability density function and mode; On models for
the probability of fatigue failure of a structure; An approach to empirical time
series analysis.
A new, revised edition of a yet unrivaled work on frequencydomain analysis Long
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recognized for his unique focus on frequency domain methodsfor the analysis of
time series data as well as for his applied,easy-to-understand approach, Peter
Bloomfield brings his well-known1976 work thoroughly up to date. With a
minimum of mathematics andan engaging, highly rewarding style, Bloomfield
provides in-depthdiscussions of harmonic regression, harmonic analysis,
complexdemodulation, and spectrum analysis. All methods are clearlyillustrated
using examples of specific data sets, while ampleexercises acquaint readers with
Fourier analysis and itsapplications. The Second Edition: Devotes an entire
chapter to complex demodulation Treats harmonic regression in two separate
chapters Features a more succinct discussion of the fast Fouriertransform Uses
S-PLUS commands (replacing FORTRAN) to accommodateprogramming needs
and graphic flexibility Includes Web addresses for all time series data used in
theexamples An invaluable reference for statisticians seeking to expandtheir
understanding of frequency domain methods, FourierAnalysis of Time Series,
Second Edition also provides easyaccess to sophisticated statistical tools for
scientists andprofessionals in such areas as atmospheric science,
oceanography,climatology, and biology.
Easy-to-read and comprehensive, this book shows how the SAS System performs multivariate
time series analysis and features the advanced SAS procedures STATSPACE, ARIMA, and
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SPECTRA. The interrelationship of SAS/ETS procedures is demonstrated with an
accompanying discussion of how the choice of a procedure depends on the data to be
analysed and the reults desired. Other topics covered include detecting sinusoidal components
in time series models and performing bivariate corr-spectral analysis and comparing the results
with the standard transfer function methodology. The authors? unique approach to integrating
students in a variety of disciplines and industries. Emphasis is on correct interpretation of
output to draw meaningful conclusions. The volume, co-pubished by SAS and JWS, features
both theory and practicality, and accompanies a soon-to-be extensive library of SAS hands-on
manuals in a multitude of statistical areas. The book can be used with a number of hardwarespecific computing machines including CMS, Mac, MVS, Opem VMS Alpha, Opmen VMS
VAX, OS/390, OS/2, UNIX, and Windows.
To tailor time series models to a particular physical problem and to follow the working of
various techniques for processing and analyzing data, one must understand the basic theory of
spectral (frequency domain) analysis of time series. This classic book provides an introduction
to the techniques and theories of spectral analysis of time series. In a discursive style, and with
minimal dependence on mathematics, the book presents the geometric structure of spectral
analysis. This approach makes possible useful, intuitive interpretations of important time series
parameters and provides a unified framework for an otherwise scattered collection of
seemingly isolated results. The books strength lies in its applicability to the needs of readers
from many disciplines with varying backgrounds in mathematics. It provides a solid foundation
in spectral analysis for fields that include statistics, signal process engineering, economics,
geophysics, physics, and geology. Appendices provide details and proofs for those who are
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advanced in math. Theories are followed by examples and applications over a wide range of
topics such as meteorology, seismology, and telecommunications. Topics covered include
Hilbert spaces; univariate models for spectral analysis; multivariate spectral models; sampling,
aliasing, and discrete-time models; real-time filtering; digital filters; linear filters; distribution
theory; sampling properties ofspectral estimates; and linear prediction. Hilbert spaces
univariate models for spectral analysis multivariate spectral models sampling, aliasing, and
discrete-time models real-time filtering digital filters linear filters distribution theory sampling
properties of spectral estimates linear prediction
Simple descriptive techniques; Probability models for time series; Estimation in the domain;
Forecasting; Stationary processes in the frequency domain; Spectral analysis; Bivariate
processes; Linear systems.
Discusses the fundamentals of time series analysis in engineering, while providing a
background in elementary statistics.
. . ) (under the assumption that the spectral density exists). For this reason, a vast amount of
periodical and monographic literature is devoted to the nonparametric statistical problem of
estimating the function tJ( T) and especially that of leA) (see, for example, the books
[4,21,22,26,56,77,137,139,140,]). However, the empirical value t;; of the spectral density I
obtained by applying a certain statistical procedure to the observed values of the variables Xl' .
. . , X , usually depends in n a complicated manner on the cyclic frequency). . This fact often
presents difficulties in applying the obtained estimate t;; of the function I to the solution of
specific problems rela ted to the process X . Theref ore, in practice, the t obtained values of the
estimator t;; (or an estimator of the covariance function tJ~( T» are almost always "smoothed,"
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i. e. , are approximated by values of a certain sufficiently simple function 1 = 1
In this edition which has been reprinted with corrections, Nerlove and his co-authors illustrate
techniques of spectral analysis and methods based on parametric models in the analysis of
economic time series. The book provides a means and a method for incorporating economic
intuition and theory in the formulation of time-series models useful in forecasting, in the
formulation and estimation of distributed lag models, and in other applications, such as
seasonal adjustment. Analysis of Economic Time Series is a useful primary text for graduate
students and an attractive reference for researchers. Key Features * Presents a self-contained
treatment of Fourier Analysis and complex variables, as well as Spectral Analysis of time
series * Includes a detailed treatment of unobserved-components (UC) models and their timeseries properties by means of covariance-generating transforms * Provides the formulation and
maximum-likelihood estimation of ARMA and UC models in both time and frequency domains
Integrates several topics in time-series analysis: * The formulation and estimation of distributedlag models of dynamic economic behavior * The application of the techniques of spectral
analysis in the study of behavior of economic time series * Unobserved-components models
for economic time series and the closely related problem of seasonal adjustment * The
complimentarities between time-domain and frequency-domain approaches to the analysis of
economic time series * Historical contributions extending from the time of Charles Babbage
and the Edinburgh Review to the present * Treats spectral analysis and Box-Jenkins models
for an intuitive but rigorous point of view * Shows how these two types of analysis may be
synthesized so that they complement one another * Describes a new type of model, based on
a superposition of Box-Jenkins models, that captures the essential idea of the unobservedPage 10/18
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components models long used in the analysis of economic time series * Applies multiple timeseries techniques to the estimation of a novel dynamic model of the US cattle industry

This book gives an overview of singular spectrum analysis (SSA). SSA is a
technique of time series analysis and forecasting combining elements of classical
time series analysis, multivariate statistics, multivariate geometry, dynamical
systems and signal processing. SSA is multi-purpose and naturally combines
both model-free and parametric techniques, which makes it a very special and
attractive methodology for solving a wide range of problems arising in diverse
areas. Rapidly increasing number of novel applications of SSA is a consequence
of the new fundamental research on SSA and the recent progress in computing
and software engineering which made it possible to use SSA for very
complicated tasks that were unthinkable twenty years ago. In this book, the
methodology of SSA is concisely but at the same time comprehensively
explained by two prominent statisticians with huge experience in SSA. The book
offers a valuable resource for a very wide readership, including professional
statisticians, specialists in signal and image processing, as well as specialists in
numerous applied disciplines interested in using statistical methods for time
series analysis, forecasting, signal and image processing. The second edition of
the book contains many updates and some new material including a thorough
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discussion on the place of SSA among other methods and new sections on
multivariate and multidimensional extensions of SSA.
This comprehensive and richly illustrated volume provides up-to-date material on
Singular Spectrum Analysis (SSA). SSA is a well-known methodology for the
analysis and forecasting of time series. Since quite recently, SSA is also being
used to analyze digital images and other objects that are not necessarily of
planar or rectangular form and may contain gaps. SSA is multi-purpose and
naturally combines both model-free and parametric techniques, which makes it a
very special and attractive methodology for solving a wide range of problems
arising in diverse areas, most notably those associated with time series and
digital images. An effective, comfortable and accessible implementation of SSA is
provided by the R-package Rssa, which is available from CRAN and reviewed in
this book. Written by prominent statisticians who have extensive experience with
SSA, the book (a) presents the up-to-date SSA methodology, including
multidimensional extensions, in language accessible to a large circle of users, (b)
combines different versions of SSA into a single tool, (c) shows the diverse tasks
that SSA can be used for, (d) formally describes the main SSA methods and
algorithms, and (e) provides tutorials on the Rssa package and the use of SSA.
The book offers a valuable resource for a very wide readership, including
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professional statisticians, specialists in signal and image processing, as well as
specialists in numerous applied disciplines interested in using statistical methods
for time series analysis, forecasting, signal and image processing. The book is
written on a level accessible to a broad audience and includes a wealth of
examples; hence it can also be used as a textbook for undergraduate and
postgraduate courses on time series analysis and signal processing.
Spectrum analysis can be considered as a topic in statistics as well as a topic in
digital signal processing (DSP). This book takes a middle course by emphasizing
the time series models and their impact on spectrum analysis. The text begins
with elements of probability theory and goes on to introduce the theory of
stationary stochastic processes. The depth of coverage is extensive. Many topics
of concern to spectral characterization of Gaussian and non-Gaussian time
series, scalar and vector time series are covered. A section is devoted to the
emerging areas of non-stationary and cyclostationary time series. The book is
organized more as a textbook than a reference book. Each chapter includes
many examples to illustrate the concepts described. Several exercises are
included at the end of each chapter. The level is appropriate for graduate and
research students.
This book provides a thorough introduction to methods for detecting and
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describing cyclic patterns in time-series data. It is written both for researchers
and students new to the area and for those who have already collected timeseries data but wish to learn new ways of understanding and presenting them.
Facilitating the interpretation of observations of behavior, physiology, mood,
perceptual threshold, social indicator variables, and other responses, the book
focuses on practical applications and requires much less mathematical
background than most comparable texts. Using real data sets and currently
available software (SPSS for Windows), the author employs extensive examples
to clarify key concepts. Topics covered include research design issues,
preliminary data screening, identification and description of cycles, summary of
results across time series, and assessment of relations between time series. Also
considered are theoretical questions, problems of interpretation, and potential
sources of artifact.
Singular spectrum analysis (SSA) is a technique of time series analysis and
forecasting combining elements of classical time series analysis, multivariate
statistics, multivariate geometry, dynamical systems and signal processing. SSA
seeks to decompose the original series into a sum of a small number of
interpretable components such as trend, oscillatory components and noise. It is
based on the singular value decomposition of a specific matrix constructed upon
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the time series. Neither a parametric model nor stationarity are assumed for the
time series. This makes SSA a model-free method and hence enables SSA to
have a very wide range of applicability. The present book is devoted to the
methodology of SSA and shows how to use SSA both safely and with maximum
effect. Potential readers of the book include: professional statisticians and
econometricians, specialists in any discipline in which problems of time series
analysis and forecasting occur, specialists in signal processing and those needed
to extract signals from noisy data, and students taking courses on applied time
series analysis.
The technical aims of this paper are: to discuss some roles of information ideas
and spectral analysis in time series analysis (sections 1 and 2); extend spectral
estimation by exponential models and extend (to time series) goodness of fit
tests by components (sections 3 and 4). Section 0 presents some philosophy.
The practice of statistics and time series analysis can stand on the shoulders of
giants if we develop a framework which unifies diverse methods. Information
ideas are central to a unified framework since they clarify and extend methods by
providing many levels of relationship between time series analysis, classical
statistical methods for independent samples, and signal processing problems
called inverse problems with positivity constraints. Entropy; Renyi information;
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Stationary time series; Spectral exponential models; Spectral components.
The term singular spectrum comes from the spectral (eigenvalue) decomposition
of a matrix A into its set (spectrum) of eigenvalues. These eigenvalues, A, are the
numbers that make the matrix A -AI singular. The term singular spectrum
analysis· is unfortunate since the traditional eigenvalue decomposition involving
multivariate data is also an analysis of the singular spectrum. More properly,
singular spectrum analysis (SSA) should be called the analysis of time series
using the singular spectrum. Spectral decomposition of matrices is fundamental
to much the ory of linear algebra and it has many applications to problems in the
natural and related sciences. Its widespread use as a tool for time series analysis
is fairly recent, however, emerging to a large extent from applications of
dynamical systems theory (sometimes called chaos theory). SSA was introduced
into chaos theory by Fraedrich (1986) and Broomhead and King (l986a). Prior to
this, SSA was used in biological oceanography by Colebrook (1978). In the digi
tal signal processing community, the approach is also known as the KarhunenLoeve (K-L) expansion (Pike et aI., 1984). Like other techniques based on
spectral decomposition, SSA is attractive in that it holds a promise for a reduction
in the dimen- • Singular spectrum analysis is sometimes called singular systems
analysis or singular spectrum approach. vii viii Preface sionality. This reduction in
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dimensionality is often accompanied by a simpler explanation of the underlying
physics.
The fourth edition of this popular graduate textbook, like its predecessors,
presents a balanced and comprehensive treatment of both time and frequency
domain methods with accompanying theory. Numerous examples using nontrivial
data illustrate solutions to problems such as discovering natural and
anthropogenic climate change, evaluating pain perception experiments using
functional magnetic resonance imaging, and monitoring a nuclear test ban treaty.
The book is designed as a textbook for graduate level students in the physical,
biological, and social sciences and as a graduate level text in statistics. Some
parts may also serve as an undergraduate introductory course. Theory and
methodology are separated to allow presentations on different levels. In addition
to coverage of classical methods of time series regression, ARIMA models,
spectral analysis and state-space models, the text includes modern
developments including categorical time series analysis, multivariate spectral
methods, long memory series, nonlinear models, resampling techniques, GARCH
models, ARMAX models, stochastic volatility, wavelets, and Markov chain Monte
Carlo integration methods. This edition includes R code for each numerical
example in addition to Appendix R, which provides a reference for the data sets
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and R scripts used in the text in addition to a tutorial on basic R commands and
R time series. An additional file is available on the book’s website for download,
making all the data sets and scripts easy to load into R.
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