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Preface
Asset prices are dynamic, changing frequently whenever the financial markets
are open. Some of us are curious about how and why these changes occur, while
many people aspire to know where prices are likely to be at future times. In this
book I describe how prices change and what we can learn about future prices. As
financial markets are highly competitive, there are limits to how much guidance
I can provide about why particular price changes occur and the precise level of
future prices.
Descriptions of past price changes and predictive statements about future prices
usually rely on insights from mathematics, economics and behavioral theory.
My emphasis in this book is on using statistical analysis and finance theory to
learn from prices we have seen about the probabilities of possible prices in the
future.
Familiarity with financial, probabilistic, and statistical concepts is advisable
before reading this book. A good introductory finance course will provide a
satisfactory understanding of financial markets (including derivative securities),
efficient market theory and the single-factor, capital asset pricing model. Quantitative courses that cover random variables, probability distributions, data analysis,
regression models, and hypothesis testing are the minimum requirement. Mathematical knowledge and expertise are always an advantage, although I assume less
prior study than the authors of most graduate texts.
This book is written for students of economics, finance, and mathematics who
are familiar with the above topics and who want to learn about asset price dynamics. It is also intended to provide practitioners and researchers with an accessible
and comprehensive review of important theoretical and empirical results.
I have taught almost all of the contents of this book, on a variety of undergraduate, postgraduate, doctoral, and executive courses. The topics selected and
the mathematical depth of the exposition naturally depend upon the audience.
My final-year, elective, undergraduate course at present includes a review of
relevant probability theory (most of Chapter 3), a survey of the established facts
about asset price changes (Chapter 4), a popular method for testing if prices
changes are random (Chapter 5), an appraisal of trading rules (parts of Chapter 7), an overview of volatility definitions and reasons for volatility changes
(Chapter 8), an introduction to the simplest and most often applied volatility models (Chapter 9), a summary of results for prices recorded very frequently (parts
of Chapter 12), a description of Black–Scholes option pricing formulae, implied

xiv
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volatilities and risk-neutral pricing theory (Chapter 14, as far as Section 14.4),
and a review of volatility forecasting (some of Chapter 15).
My core financial econometrics course for students taking a postgraduate
degree in finance also includes additional volatility theory and models (parts
of Chapters 10 and 11), option pricing when volatility changes (the remainder of
Chapter 14), and methods that produce predictive distributions (parts of Chapter 16). A typical doctoral course covers most of Chapters 8–16.
Any course will be more rewarding if students obtain new skills by analyzing
market prices. Students should be encouraged to acquire data, to test random
walk theories, to assess the value or otherwise of trading rules, to estimate a
variety of volatility models, to study option prices, and to produce probabilities
for possible ranges of future prices. I provide several Excel examples to facilitate
the appropriate calculations.
Educational resources can be downloaded from my website, as mentioned at
the end of Chapter 1. I expect the website to be dynamic, with content that reflects
correspondence with my readers.
The topics covered in this book reflect interests that I have acquired and developed during thirty years of research into market prices. My research has been
inspired, influenced, and encouraged by very many people and I particularly wish
to acknowledge the contributions made by Clive Granger, Robert Engle, Torben
Andersen, Richard Baillie, Tim Bollerslev, Francis Diebold, Andrew Lo, Peter
Praetz, Neil Shephard, and Richard Stapleton.
My doctoral thesis, completed in 1978, contained analysis of commodity
markets. Subsequently, most of my research has focused on stock and foreign
exchange markets. Likewise, most of the examples in this book are for equity and
currency price series.
My longstanding interest in the predictability of asset prices is reflected in
Chapters 5–7, that can be skipped by anyone who considers all nontrivial point
forecasts are futile. My thesis contained embryonic volatility models, one of which
became the stochastic volatility model I published in 1982. Inspired by Robert
Engle’s simultaneous and path-breaking work on ARCH models, I also defined
and analyzed the GARCH(1, 1) volatility model at about the same time that
Tim Bollerslev was working independently on the general GARCH(p, q) model.
Volatility models allow us to make informed predictions about future volatility.
They are covered in depth in this book, especially in Chapters 8–12, 14, and
15. Much more recently, researchers have used option prices to infer probability
distributions for future asset price levels. This is covered in Chapter 16.
Readers will soon notice that I refer to a considerable number of articles by
other researchers. These citations reflect both the importance of research into
financial market prices and the easy availability nowadays of the price data that
are investigated by empirical researchers. A few papers, which I recommend as
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an introduction to the relevant research literature, are listed at the end of most
chapters.
While I have attempted to document empirical regularities and models that will
stand “the test of time,” I expect important and exciting new results to continue to
appear in the years ahead. A good way to keep up to date is to read working papers
at www.ssrn.com and papers published in the leading journals. Many of the most
important papers for research into asset price dynamics, at the time of writing,
appear in the Journal of Econometrics, the Journal of Finance, the Journal of
Financial Economics, and the Review of Financial Studies.
This book owes much to my wife, Sally, our children, Sarah, Katherine,
and Adam, my publisher, Richard Baggaley, and my friends and colleagues at
Lancaster University, particularly Mark Shackleton. I thank them all for their
encouragement, advice, patience, and support. I also thank my copy-editor,
Jon Wainwright, whose friendly collaboration and craftsmanship are much appreciated.
I thank the many reviewers of my original proposal and my draft manuscript
for their good advice, especially Neil Shephard and Martin Martens. Many of the
results in this book were obtained during my collaborations with my cited coauthors: Xinzhong Xu, Ser-Huang Poon, Bevan Blair, Yuan-Chen Chang, Mark
Shackleton, Nelson Areal, Xiaoquan Liu, Martin Martens, and Shiuyan Pong.
I thank them all for their contributions to a deeper understanding of asset price
dynamics. Finally, I thank Dean Paxson for his positive persistence in enquiring
about my progress with this book.

1
Introduction
1.1 Asset Price Dynamics
Asset prices move as time progresses: they are dynamic. It is certainly very difficult
to provide a correct prediction of future price changes. Nevertheless, we can make
statements about the probability distributions that govern future prices. Asset price
dynamics are statements that contain enough detail to specify the probability
distributions of future prices. We seek statements that are empirically credible,
that can explain the historical prices that we have already seen.
Investors and fund managers who understand the dynamic behavior of asset
prices are more likely to have realistic expectations about future prices and the
risks to which they are exposed. Quantitative analysts need to understand asset
price dynamics, so that they can calculate competitive prices for derivative securities. Finance researchers who explore hypotheses about capital markets often
need to consider the implications of price dynamics; for example, hypothesis tests
about price reactions to corporate events should be made robust against changes
in price volatility around these events.
Explaining how prices change is a very different task to explaining why they
change. We will encounter many insights into how prices change that rely on
the empirical analysis of prices. Many general explanations for price changes
can be offered: relevant news about the asset and its cash flows, macroeconomic
news, divergent beliefs about the interpretation of news, and changes in investor
sentiment. It seems, however, to be impossible to provide specific explanations
for most price changes.
1.2 Volatility
A striking feature of asset prices is that they move more rapidly during some
months than during others. Prices move relatively slowly when conditions are
calm, while they move faster when there is more news, uncertainty, and trading.
The volatility of prices refers to the rate at which prices change. Commentators
and traders define this rate in several ways, primarily by the standard deviation
of the return obtained by investing in an asset. Risk managers are particularly
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Figure 1.1. A year of S&P 500 index levels.

interested in measuring and predicting volatility, as higher levels imply a higher
chance of a large adverse price change.
1.3

Prediction

Predictions concerning future prices are obtained from conditional probability
distributions that depend on recent price information. Three prediction problems
are addressed in this book. The first forecasting question posed by most people is,
Which way will the price go, up or down? However hard we try, and as predicted by
efficient market theory, it is very difficult to obtain an interesting and satisfactory
answer by considering historical prices.A second question, which can be answered
far more constructively, is, How volatile will prices be in the future? The rate at
which prices change is itself dynamic, so that we can talk of extreme situations
such as turbulent markets (high volatility) and tranquil markets (low volatility).
The level of volatility can be measured and predicted, with some success, using
either historical asset prices or current option prices. A third and more ambitious
question is to ask for the entire probability distribution of a price several time
periods into the future. This can be answered either by Monte Carlo simulation of
the assumed price dynamics or by examining the prices of several option contracts.
1.4

Information

There are several sources of information that investors can consider when they
assess the value of an asset. To value the shares issued by a firm, investors may
be interested in expectations and measures of risk for future cash flows, interest
rates, accounting information about earnings, and macroeconomic variables that
provide information about the state of the economy. These specific sources of
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Figure 1.2. A year of VIX observations.

information are generally ignored in this text, because my objective is not to
explain how to price assets. Relevant information is not ignored by traders, who
competitively attempt to incorporate it into asset prices. Competition between
traders is often assumed in finance research to be sufficient to ensure that prices
very quickly reflect a fair interpretation of all relevant information.
The prices of financial assets and their derivative securities are the information
that we consider when making statements about future asset prices. Our typical
information is a historical record of daily asset prices, supplemented in the later
chapters by more frequent price observations and by recent option prices. Figure 1.1 shows a year of daily closing levels for the Standard & Poor 500-share
index, from June 2003 until May 2004. These numbers could be used at the end
of May to answer questions like, What is the chance that the index will be above
1200 at the end of June? Figure 1.2 shows daily observations during the same year
for an index of volatility for the S&P 500 index, called VIX, that is calculated
from option prices. These numbers are useful when predicting the future volatility
of the US stock market.
Studying daily price data and probability models provides a good introduction
to asset price dynamics, so we focus on daily data in Chapters 4–11. More can be
learnt from more-frequent price observations, as we will later see in Chapters 12
and 15. Option prices are also informative about future asset prices and their study
requires models that are specified for a continuous time variable, as in Chapters 13
and 14.
1.5

Contents

The book is divided into five parts, which follow this introductory chapter.
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The first part provides a foundation for the empirical modeling of time series
of returns from financial assets. Chapter 2 explains how returns from investments
are calculated from prices. A set of regularly observed prices can be used to
define a time series of returns. Several examples are presented and advice is
given about data-collection issues. Chapter 3 commences with a summary of the
theoretical properties of random variables. It then continues with the definitions
and properties of important probability models for time-ordered sequences of
random variables, called stochastic processes. Consideration is given to a variety
of stochastic processes that are used throughout the book to develop descriptions
of the dynamic behavior of asset prices.
Chapter 4 surveys general statistical properties of time series of daily returns
that are known as stylized facts. Any credible stochastic process that represents
asset price dynamics must be able to replicate these facts. Three stylized facts
are particularly important. First, the distribution of returns is not normal. Second,
the correlation between today’s return and any subsequent return is almost zero.
Third, there are transformations of returns that reveal positive correlation between
observations made at nearby times; an example is provided by the absolute values
of returns.
The second part presents methods and results for tests of the random walk
and efficient market hypotheses. The random walk hypothesis asserts that price
changes are in some way unpredictable. Chapter 5 defines and evaluates the popular variance-ratio test of the hypothesis, which relies on a comparison between
the variances of single-period and multi-period returns. It is followed in Chapter 6
by several further tests, which use a variety of methods to look for evidence that
tomorrow’s return is correlated with some function of previous returns. Evidence
against the random walk hypothesis is found that is statistically significant but
not necessarily of economical importance. Chapter 7 evaluates the performance
of trading rules and uses their results to appraise the weak form of the efficient
market hypothesis. These rules would have provided valuable information about
subsequent prices in past decades, but their usefulness may now have disappeared.
The third part covers the dynamics of discrete-time asset price volatility. Chapter 8 summarizes five interpretations of volatility, all of which refer to the standard
deviation of returns. It then reviews a variety of reasons for volatility changes,
although these can only provide a partial explanation of this phenomenon. Chapter 9 defines ARCH models and provides examples based upon some of the most
popular specifications. These models specify the conditional mean and the conditional variance of the next return as functions of the latest return and previous
returns. They have proved to be highly successful explanations of the stylized facts
for daily returns. Chapter 10 describes more complicated ARCH models and the
likelihood theory required to perform hypothesis tests about ARCH parameters.
Guidance concerning model selection is included, based upon tests and diagnostic
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checks. Chapter 11 is about stochastic volatility models, which are also able to
explain the stylized facts. These models represent volatility as a latent and hence
unobservable variable. Information about the dynamic properties of volatility
can then be inferred by studying the magnitude of returns and by estimating the
parameters of specific volatility processes.
The fourth part describes high-frequency prices and models in Chapter 12. The
returns considered are now far more frequent than the daily returns of the preceding chapters. Many examples are discussed for returns measured over five-minute
intervals. Their stylized facts include significant variations in the average level of
volatility throughout the day, some of which can be explained by macroeconomic
news announcements. The additional information provided by intraday returns
can be used to estimate and forecast volatility more accurately.
The fifth and final part presents methods that use option prices to learn more
about future price distributions. Most option pricing models depend on assumptions about the continuous-time dynamics of asset prices. Some important continuous-time stochastic processes are defined in Chapter 13 and these are used to
represent the joint dynamics of prices and volatility. Option pricing models are
then discussed in Chapter 14 for various assumptions about volatility: constant,
stochastic, or generated by an ARCH model. The empirical properties of implied
volatilities are discussed, these being obtained from observed asset and option
prices by using the Black–Scholes formulae. Chapter 15 compares forecasts of
future volatility. Forecasts derived from option-implied volatilities and intraday
asset prices are particularly interesting, because they incorporate more volatility
information than the historical record of daily prices and often provide superior
predictions.
Chapter 16 covers methods for obtaining densities for an asset price at a later
date, with a particular emphasis on densities estimated using option prices. Several methods for obtaining risk-neutral densities from options data are described.
These densities assume that risk is irrelevant when future cash flows are priced.
Consequently, they are transformed to produce asset price densities that incorporate risk aversion.
1.6

Software

Some of the most important calculations are illustrated using Excel spreadsheets
in Sections 5.4, 7.6, 9.4, 9.8, 11.4, 11.7, 14.3, and 16.10. Excel is used solely
because this software will be available to and understood by far more readers
than alternatives, such as Eviews, Gauss, Matlab, Ox, and SAS. Some of these
alternatives contain modules that perform many useful calculations, such as the
estimation of ARCH models, and it should be a straightforward task to recode any
of the examples. The spreadsheets use several Excel functions that are explained
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by Excel’s Help files. More elegant spreadsheets can be obtained by using the
Visual Basic for Applications (VBA) programming language.
1.7 Web Resources
Additional information, including price data, end-of-chapter questions, and instructions about sending email to the author, are available online. Some of the
questions are empirical, others are mathematical. For all web material, first go to
http://pup.princeton.edu/titles/8055.html
and then follow the link to the author’s web pages.

