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This book is justified by the use of
methods of time series analysis in the
study of multivariate time series, that
has become of increased interest in recent
years. In spite of the fact that the meth-
ods are rather well- developed and under-
stood for univariate time series analysis,
the situation is not so good for the mul-
tivariate case. The present book is ded-
icated to introducing the basic concepts
and methods that are useful in the analy-
sis and modelling of multivariate time se-
ries. The book includes both traditional
topics such as auto-covariance and auto-
correlation matrices of stationary pro-
cesses, properties of vector ARMA mod-
els, forecasting of the ARMA processes,
least- squares and maximum likelihood
estimation techniques for AR and ARMA
models, and model checking diagnostics
for residuals, as well as topics of more
recent interest for vector ARMA mod-
els such as reduced-rank structure, struc-
tural indices, scalar component models,
canonical correlation analyses for vector
time series, multivariate unit-root mod-
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els and cointegration structure, state-
space models and Kalman filtering tech-
niques and applications. The book con-
centrates on the time-domain analysis
of multivariate time series, the spectral
analysis being not considered here.

This is a revised edition of the book,
with some additional topics taken on
as to the original version, and certain
existing materials expanded, in an at-
tempt to provide full coverage of the
topics 1 time-domain multivariate time
series modeling and analysis. Notable
new additions are: an entirely new chap-
ter on various topics that arise when
exogenous variables are involved in the
model structures, inclusion of new sec-
tions on state-space forms of the vector
ARMA model, on the background and
motivation for the information criterion
(AIC), on canonical analysis for vector
AR processes, inclusion of new materi-
als in some sections on canonical corre-
lation analysis, some details on reduced-
rank multivariate linear regression model
results, on the concepts of controllability,
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observability, and minimality for time-
invariant state-space models, on estima-
tion of missing values in vector ARMA
models, and on the initialization for
Kalman filtering, smoothing and likeli-
hood evaluation in non-stationary mod-
els. Also, some substantial revisions have
been made on sections concerned with
estimation and testing of non-stationary
(unit-root) processes to give evidence of
further developments on the topic.

The book contains eight chapters, an
Appendix with time series data sets used
in the text, references, subject and au-
thor indices. Also, a set of exercise prob-
lems are included at the end of the book.

Chapter 1 "Vector Time Series and
Model Representations” introduces the
concept of stationarity of a vector
time series process, and some basic co-
variance and correlation matrix proper-
ties and spectral properties of such a pro-
cess are presented. Some features of lin-
ear filtering of a stationary time series are
considered. Vector autoregressive mov-
ing average (ARMA) models are then
introduced, and some of their different
model representations are discussed. Ap-
pendix to this Chapter provides a review
of multivariate normal distribution and
related topics.

In Chapter 2, titled ”Vector ARMA
Time Series Models and Forecasting”,
the ARMA models introduced at Chap-
ter 1 are examined, and the stationarity
and invertibility aspects of vector ARMA
processes are considered. The covariance
matrix structure of vector ARMA pro-
cesses is analysed in general as well as
for special cases such as first-order MA,
AR, and ARMA models. In addition, pa-
rameter identifiability of mixed ARMA

model representations is remarked. Non-
stationary ARMA processes are also con-
sidered, and the concept of cointegra-
tion among the component series of a
non-stationary process is defined. Fore-
casting of vector ARMA models, includ-
ing computation of forecasts and mean
squared error matrix of the forecast er-
rors, is presented. A distinct space is re-
served to state-space form of the vector
ARMA model. This Chapter also con-
tains an Appendix with two methods for
obtaining autoregressive and moving av-
erage parameters from co-variance matri-
ces.

In Chapter 3, "Canonical Structure
of Vector ARMA Models”, this problem
is briefly discussed through the introduc-
tion of such concepts as the Kronecker in-
dices and the McMillan degree of a vector
process, and the echelon canonical form
of the vector ARMA model is expressly
presented. The canonical correlation
structure for stationary vector ARMA
processes is examined, and the relation
between canonical correlation structure
and the associated notion of scalar com-
ponent models, is approached. Partial
correlation matrices and their canonical
correlations in a stationary vector pro-
cess, and their special features for pure
AR models, are also considered.

In Chapter 4, "Initial Model Build-
ing and Least Squares Estimation for
Vector AR Models”, preliminary model
specification techniques based on sam-
ple statistics such as correlations and
partial correlations are stated and dis-
cussed. Least- squares estimation for
vector AR models and associated tests
on hypotheses for the order of the AR
model are made. The properties of least
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squares estimates for vector AR mod-
els are discussed, and additional meth-
ods for initial specification and selection
of an appropriate ARMA model, includ-
ing the use of canonical correlation meth-
ods and information-theoretic model se-
lection criteria such as AIC and BIC, are
explored. An Appendix to this Chap-
ter summarizes and reviews some basic
results on general multivariate linear re-
gression model.

Chapter 5 of the book, titled "Maz-
imum Likelihood Estimation and Model
Checking for Vector ARMA Models”,
presents some conditional and exact
maximum likelihood (ML) estimation
procedures for vector ARMA time series
models, and examines their properties.
For conditional maximum likelihood, an
explicit iterative computation of the ML
estimator in the form of a generalized
least squares estimation is yielded, while
for the exact likelihood method, two dif-
ferent approaches to computation of the
exact likelihood function are made. An
ML estimation of vector ARMA mod-
els under linear constraints on param-
eters, and an associated likelihood ra-
tion (LR) testing of the hypothesis of

linear constraints are also undertaken.

Model checking techniques for an esti-
mated model, based on correlation ma-
trix properties of model residuals, are ex-
plored. The effect of parameter estima-
tion errors on mean square error for pre-
diction in an estimated model and the
motivation for AIC as a model selection
criterion are shown. Two numerical ex-
amples for fitting and checking vector
ARMA models are also given.

Chapter 6, "Reduced-Rank and Non-
stationaryCointegrated Models”, presents

some new topics on the modeling of vec-
tor time series. These include the exami-
nation of models that incorporate special
structures in their parameterization, in
particular the nested reduced-rank mod-
els, which attempt to cope with the prob-
lem of high dimensionality of the param-
eters in vector models. Model specifica-
tion methods, based on partial canonical
correlation analysis, and parameter esti-
mation will be presented for the nested
reduced-rank AR models. Due consider-
ation is given to the estimation and test-
ing issues related with multivariate non-
stationary models that contain unit roots
in their AR operator, and to the associ-
ated concept of cointegration among the
components of a non-stationary vector
process. An alternate canonical correla-
tion analysis procedure and multiplica-
tive seasonal vector ARMA models are
discussed as additional special topics in
this Chapter.

A state-variable (state-space) model
and its basic properties are described
in Chapter 7, 7 State-Space Model,
Kalman Filtering, and Related Topics™.
The Kalman filtering and smoothing pro-
cedures associated with state-space mod-
els are derived. The relation of time-
invariant state-variable models with vec-
tor ARMA models, including the state-
space representations for vector ARMA
models, and associated topics of minimal
dimensionality of the state vector and
the relation with the Kronecker indices
and the McMillan degree of a process, is
also discussed. The use of a state-space
formulation for construction of the exact
likelihood function for the vector ARMA
model, as well as comments on the results
of a classical approach to smoothing and
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filtering of time series are there.

Chapter 8, "Linear Models with Ez-
ogenous Variables”, makes a thorough
analysis of this type of model, where the
output variables of interest may be in-
fluenced by other observable input vari-
ables, which are determined outside the
system concerned. The main topics dis-
cussed are: representation of linear mod-
els with exogenous variables (ARMAX),
forecasting on ARMAX models, opti-
mal feedback control in ARMAX mod-
els, model specification, ML estimation
and model checking for ARMAX models.
The last section of this Chapter presents
a numerical example, to illustrate the
model building procedures for the type
of model considered.

Appendix to the book includes nine
data sets of uni- and multivariate time se-
ries. The set of exercise problems makes
the book more valuable for textbook use.
The book contains ample and informa-
tive references to the literature.

Readers who have some background in
univariate time series methods will find
it useful in getting familiar with topics
of multivariate time series. Some knowl-
edge of matrix algebra techniques and re-
sults will be needed to fully grasp all the
developments of the topics in the book.

The book aims to provide the ba-
sic concepts for an adequate under-
standing of the material, so that elabo-
rate and detailed mathematical develop-
ments and arguments are adjacent con-
cerns,although substantial references are
provided for further mathematical read-
ing. The book 1s accessible to a wider au-
dience who has a working background in
univariate time series analysis and some
knowledge of matrix algebra methods,

and who wishes to use the multivariate
time series modelling techniques in ap-
plications.

The book could serve as a graduate-
level textbook on multivariate time series
for a second course in time series and be
considered a reference book for the re-
searchers and practitioners in the area
of engineering, physical, biological, eco-
nomic, natural and social sciences.

From a pedagogical point of view,
there is much merit in the book. It con-
tains many remarks, comments and ex-
amples, developed in sufficient detail, to
actually help reader understand.

The material is well-selected and orga-
nized. Its style, the illustrations and dis-
cussions are clear and logically correct.

In my opinion the book is an excep-
tionally well-written research level mono-
graph. In spite of the rapidly developing
field of multivariate time series and of the
limitations imposed by space and time,
I found the book to be very interesting
and comprehensive, and a valuable ac-
quisition to the existing good literature
on time series analysis. I recommend it
without any reservation to an extensive
readership. Buy it. Read it !

The reviewer is most grateful to
Springer-Verlag for having been offered
a complimentary copy of the book and
so given the opportunity of focussing the
best in one of his own domains of inter-
est.
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