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1
Volatility Definition and

Estimation

1.1 WHAT IS VOLATILITY?

It is useful to start with an explanation of what volatility is, at least
for the purpose of clarifying the scope of this book. Volatility refers
to the spread of all likely outcomes of an uncertain variable. Typically,
in financial markets, we are often concerned with the spread of asset
returns. Statistically, volatility is often measured as the sample standard
deviation
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where r; is the return on day ¢, and y is the average return over the T-day
period.

Sometimes, variance, o~, is used also as a volatility measure. Since
variance is simply the square of standard deviation, it makes no differ-
ence whichever measure we use when we compare the volatility of two
assets. However, variance is much less stable and less desirable than
standard deviation as an object for computer estimation and volatility
forecast evaluation. Moreover standard deviation has the same unit of
measure as the mean, i.e. if the mean is in dollar, then standard devi-
ation is also expressed in dollar whereas variance will be expressed in
dollar square. For this reason, standard deviation is more convenient and
intuitive when we think about volatility.

Volatility is related to, but not exactly the same as, risk. Risk is associ-
ated with undesirable outcome, whereas volatility as a measure strictly
for uncertainty could be due to a positive outcome. This important dif-
ference is often overlooked. Take the Sharpe ratio for example. The
Sharpe ratio is used for measuring the performance of an investment by
comparing the mean return in relation to its ‘risk’ proxy by its volatility.
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2 Forecasting Financial Market Volatility

The Sharpe ratio is defined as

Average \  (Risk-free interest
return, 4 rate, e.g. T-bill rate

Sharpe ratio = ~—
Standard deviation of returns, o

The notion is that a larger Sharpe ratio is preferred to a smaller one. An
unusually large positive return, which is a desirable outcome, could lead
to a reduction in the Sharpe ratio because it will have a greater impact
on the standard deviation, o, in the denominator than the average return,
/L, in the numerator.

More importantly, the reason that volatility is not a good or perfect
measure for risk is because volatility (or standard deviation) is only
a measure for the spread of a distribution and has no information on
its shape. The only exception is the case of a normal distribution or a
lognormal distribution where the mean, u, and the standard deviation,
o, are sufficient statistics for the entire distribution, i.e. with i and o
alone, one is able to reproduce the empirical distribution.

This book is about volatility only. Although volatility is not the sole
determinant of asset return distribution, it is a key input to many im-
portant finance applications such as investment, portfolio construction,
option pricing, hedging, and risk management. When Clive Granger and
I completed our survey paper on volatility forecasting research, there
were 93 studies on our list plus several hundred non-forecasting papers
written on volatility modelling. At the time of writing this book, the
number of volatility studies is still rising and there are now about 120
volatility forecasting papers on the list. Financial market volatility is a
‘live’ subject and has many facets driven by political events, macroecon-
omy and investors’ behaviour. This book will elaborate some of these
complexities that kept the whole industry of volatility modelling and
forecasting going in the last three decades. A new trend now emerging
is on the trading and hedging of volatility. The Chicago Board of Ex-
change (CBOE) for example has started futures trading on a volatility
index. Options on such futures contracts are likely to follow. Volatility
swap contracts have been traded on the over-the-counter market well
before the CBOE’s developments. Previously volatility was an input to
a model for pricing an asset or option written on the asset. It is now the
principal subject of the model and valuation. One can only predict that
volatility research will intensify for at least the next decade.
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1.2 FINANCIAL MARKET STYLIZED FACTS

To give a brief appreciation of the amount of variation across different
financial assets, Figure 1.1 plots the returns distributions of a normally

(a) Normal N(O,1) (b) Daily returns on S&P100
Jan 1965 — Jul 2003
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(c) £ vs. yen daily exchange rate returns  (d) Daily returns on Legal & General share
Sep 1971 — Jul 2003 Jan 1969 — Jul 2003
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(e) Daily returns on UK Small Cap Index (f) Daily returns on silver
Jan 1986 — Jul 2003 Aug 1971 — Jul 2003
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Figure 1.1 Distribution of daily financial market returns. (Note: the dotted line is
the distribution of a normal random variable simulated using the mean and standard
deviation of the financial asset returns)
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4 Forecasting Financial Market Volatility

distributed random variable, and the respective daily returns on the US
Standard and Poor market index (S&P100),' the yen—sterling exchange
rate, the share of Legal & General (a major insurance company in the
UK), the UK Index for Small Capitalisation Stocks (i.e. small compa-
nies), and silver traded at the commodity exchange. The normal distri-
bution simulated using the mean and standard deviation of the financial
asset returns is drawn on the same graph to facilitate comparison.

From the small selection of financial asset returns presented in Fig-
ure 1.1, we notice several well-known features. Although the asset re-
turns have different degrees of variation, most of them have long ‘tails’ as
compared with the normally distributed random variable. Typically, the
asset distribution and the normal distribution cross at least three times,
leaving the financial asset returns with a longer left tail and a higher peak
in the middle. The implications are that, for a large part of the time, finan-
cial asset returns fluctuate in a range smaller than a normal distribution.
But there are some occasions where financial asset returns swing in a
much wider scale than that permitted by a normal distribution. This phe-
nomenon is most acute in the case of UK Small Cap and silver. Table 1.1
provides some summary statistics for these financial time series.

The normally distributed variable has a skewness equal to zero and
a kurtosis of 3. The annualized standard deviation is simply +/252¢,
assuming that there are 252 trading days in a year. The financial asset
returns are not adjusted for dividend. This omission is not likely to have
any impact on the summary statistics because the amount of dividends
distributed over the year is very small compared to the daily fluctuations
of asset prices. From Table 1.1, the Small Cap Index is the most nega-
tively skewed, meaning that it has a longer left tail (extreme losses) than
right tail (extreme gains). Kurtosis is a measure for tail thickness and
it is astronomical for S&P100, Small Cap Index and silver. However,
these skewness and kurtosis statistics are very sensitive to outliers. The
skewness statistic 18 much closer to zero, and the amount of kurtosis
dropped by 60% to 80%, when the October 1987 crash and a small
number of outliers are excluded.

Another characteristic of financial market volatility is the time-
varying nature of returns fluctuations, the discovery of which led to
Rob Engle’s Nobel Prize for his achievement in modelling it. Figure 1.2
plots the time series history of returns of the same set of assets presented

! The data for S&P100 prior to 1986 comes from S&P500. Adjustments were made when the two series were
grafted together.
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