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Preface

This book is the fruit of over ten years’ research on cointegration
theory and volatility of time series of our research team. The research
was sponsored by National Science Foundation of China—*“Persistence
in Volatility of Multivariate Time Series and its Applications in
Financial System(No. 70171001)”, and Doctoral Foundation of Ministry
of Education—“Research on Cointegration Modeling in Social Economic
System (No. 9505621)”, Integrating the research work of these two
foundations, we have achieved a series of creative results in
cointegration theory and analysis of volatility in financial time series.

In the research of cointegration, the cointegration theory
established by Engle and Granger indicated long term linear equilibrium
relationship among non-stationary time series, and it could be defined as
linear cointegration. While in the economic system, many variables
have long memory. The univariate time series and the relationship
among them are usually nonlinear, To disclose the long term
equilibrium relationship among nonlinear and long memory time series,
we did a thorough research on the thecry and methodology, as well as
fitting and testing of nonlinear cointegration. We studied the linear and
nonlinear cointegration of long memory fractional time series, and
demonstrated the mechanism of cointegration by introducing the
conception of attractor, thus enhanced the cointegration theory based on
the work of Engle and Granger to a new level. To broaden the
applications of linear cointegration theory, we raised and studied the
issue of nonlinear transformation of time series in non-cointegrated
system, and made it possible to apply cointegration analysis to these
time series. As for testing of cointegrated system, including seasonally
cointegrated system, we developed Bayesian testing method and carried

out empirical studies. One important application of cointegration
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analysis is to improve the forecasting precision. Empirical studies in this
book have shown prominent improvement in mid and long term
forecasting by using cointegration technique, while no such evident
improvement in short term forecasting compared with other forecasting
methods, although it does help to some extent. Therefore, the main
aim of cointegration technique is to improve mid and long term
forecasting precision.

Since ARCH model was presented by Engle in 1982, more than ten
kinds of extended ARCH class models have been used to describe
different ARCH effects. The complication of these ARCH models has
brought conveniences, as well as difficulties, to their applications,
tests, parameters estimation and study of structure change. To
consolidate the current ARCH class models, we presented fractionally
integrated augment GARCH-M model. It included not only 11 existing
ARCH class models, but also 21 new kinds of long and short memory
ARCH models which have explicit economic meanings, and this new
model played an important role in specification of ARCH class models.
In order to estimate the parameters in the complicated models, we
proposed tabu-hierarchy genetic algorithm (THGA) and applied it to
parameter estimation of fractionally integrated augment GARCH-M
model. Furthermore, THGA was used in parameter estimation of
vector ARCH class models and another type of volatility models—SV
models. Empirical studies indicated that THGA had more advantages
than regular algorithm does, e. g. BHHH algorithm.

Persistence in volatility is an important problem in financial
volatility study, to which Engle and Bollerslev have made great
contributions. In multivariate time series analysis, Engle and Bollerslev
proposed the conception of co-persistence in variance, i. e. to reduce the
volatility persistence by linear combination of assets. This proposition
had significant influences on assets portfolio theory and financial risk
management, but little further research on this topic has been carried
out since then. Based on thorough studying and developing of relevant

research work of foreign researchers, we proved the equivalence of




persistence in variance and non-stationarity of covariance for volatility,
and introduced the conditions for existence of co-persistence in assets
portfolio. Meanwhile, we established the relationship between
cointegration and co-persistence. We also proposed the definitions of
persistence and co-persistence in variance from integration point of
view, and discussed persistence and co-persistence in vector GARCH
process and vector SV process. Furthermore, we extended the
conception of co-persistence into nonlinear co-persistence and proposed
the algorithm for it, These work constituted the theoretical foundations
for the research on persistence in financial risk and the dynamically
avoiding strategies. Based upon this analysis, we systematically studied
the dynamics of financial risk and the avoidance strategies in portfolio.
Considering the persistence in variance, we investigated the
characteristics of CAPM and APT, which would provide a new way for
portfolio allocation.

So far, ARCH models and SV models are two kinds of important
models used in financial volatility analysis. We studied the
characteristics and relations of these two models from two aspects—
modeling theory and the ability to simulate financial time series, which
provided the basis for financial volatility analysis and applications.

This book discussed the market mechanism of financial volatility by
utilizing the fractal theory, and showed that persistence in variance
reflected the fractal and nonlinear characteristics of the financial
market. We analyzed the insufficiency of efficient market theory and
pointed out the necessity of introducing fractal market theory into
financial analysis. Fractal and multifractal theories can be taken as the
theoretical basis for financial risk analysis and management. We
particularly set up capital assets pricing model in fractal market.

Structure change is an important issue in social economic system
modeling, and structure change can be considered as the basic
characteristic of social economic system. In the early 1980’s, we
systematically set up the modeling: theory and methodology for

econometric models with structure changes. For cointegration models
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with structure changes, the breaks or gradual changess of the models
can be analyzed by using regular structure change analytical methods.
However, for the nonlinear vector time series, structure changes of
models are reflected not only in space structure, but also in time series
structure. We gave the definition of model-free structure change of
nonlinear system as a new structure change theory, and put forward
structure change analysis of nonlinear complicated system through non-
parameter neural network technique and intelligent structure change
analysis, based upon recursive genetic programming.

For structure change analysis of ARCH class models, current
research is based on a certain type of ARCH model, but this can not
includes structure changes of all ARCH class models. For this, we
made full use of the fractionally integrated augment GARCH-M model
and applied it to structure change analysis of ARCH class models,
which was our way to study the structure changes of ARCH class
models.

The contents of the book are centered on the research achievements
of our research team. To ensure the integrity of the book, we also refer
to the related works abroad, which just help to demonstrate our
research.

Before the finalization of the book, we were excited to learn that
American economist Engle and English economist Granger, the
founders of cointegration theory and ARCH models, were awarded the
Nobel Prize for Economics in 2003. The main contents of this book are
new research topics and achievements based upon their works.

I would like to thank my Ph. D. and Master students who carried
out the research together with me. They did plenty of work in
cointegration theory and time series volatility analysis. This book just
represents part of their works (listed in the references), and quite a lot
can not be covered here. Our research work is continuing, focusing on
some forefront issues in this field. Although our research work is in

phase with those of the counterparts abroad, we have our own

specialties.




Fan Zhi and I wrote this book together, in which, chapter 5 and 8
were written by him (part of chapter 5 was written by me). Wei
Yanhua, Xu Mei, Xu Qifa, and Xu Zhengguo gave their help in writing
of the book. 1 was responsible for the compilation and finalization of the
whole book. The publication of the book was greatly supported by
Tsinghua University Press, with originalities from Liu Yu and a lot of
assistance from Long Haifeng. Here I sincerely express my gratitude to

those who gave their support for this book.

Zhang Shiying
in Tianjin University
/ Nov. 13, 2003
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