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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 secu
rities. 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. Fig
ure 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 pop
ular 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. Chap
ter 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. Chap
ter 9 defines ARCH models and provides examples based upon some of the most 
popular specifications. These models specify the conditional mean and the con
ditional 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 preced
ing 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 assump
tions about the continuous-time dynamics of asset prices. Some important con-
tinuous-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. Sev
eral 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 incorpo
rate 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 in
structions 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. 
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