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FOREWORD TO THE CHINESE
EDITION

The predictability of financial markets has engaged the attention of both
market professionals and academic economists for many years, but has also at-
tracted the interest of numerous ‘amateur’ investors, whether gifted or other-
wise. The benefits of being able to accurately forecast movements in financial
markets are aptly demonstrated by an example presented by Andrew Lo, who
contrasted the returns from investing $1 in January 1926 in one-month US
Treasury bills with that of investing $1 at the same time in the S&P 500
stock market index. If the proceeds were reinvested each month, then the $ 1
investment in Treasury bills would have grown to $ 14 by December 1996,
while the same investment in the S&P 500 would have been worth $ 1371.
But the greater returns obtained from investing in the stock rather than the
bond market is not the point of the example, for suppose that at the start of
each month the investor was able to forecast correctly which of these two in-
vestments would yield a higher return for that month, and acted on this fore-
cast by switching the running total of his investment into the higher-yielding
asset. Ignoring transaction costs, such a ‘ perfect foresight’ investment strate-
gy would have been worth $2 296 183 456 by December 1996! Obviously,
few, if any, investors have perfect foresight, but Lo’s point was that even a
modest ability to forecast financial asset returns would have been handsomely
rewarded, for it does not take a large fraction of $2 billion plus to beat
$1371!

Detailed analysis of financial markets began in earnest in the 1920s in the
United States, and a thriving industry was soon in operation, although this

did not prevent many practitioners (and indeed academics, most notably Irv-
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ing Fisher) from failing to forecast the 1929 Crash! These analysts focused on
the study of past price movements and patterns using the information provided
by charts of the price history, which led to them being called chartists, al-
though the subject now often goes under the name technical analysis.
Chartists typically regard price movements as falling into three classes. The
primary trend is the main direction in which the market carries out its “search
for the ‘right’ price”; these trend movements usually last for more than a
year and sometimes for much longer periods. Secondary trends zig-zag up and
down across the axis of the primary trend; these are the directions in which
the market seeks the right price for periods of at least several weeks and per-
haps many months. Finally, tertiary trends wander across the axis of the sec-
ondary trends and endure for a day or two and at most for a few weeks.

Long term investors read charts to decide on the direction of the primary
trend and to determine, as early as possible, if it changes. Speculators and
short-term investors, on the other hand, attempt to determine whether ter-
tiary and secondary trends have changed. The ‘art’ of chartism is thus to
identify trend changes by assessing whether certain price patterns, regarded
by chartists as having prophetic significance, in the sense that they are be-
lieved regularly to precede trend changes, have occurred or, indeed, are oc-
curring. There are many chartist patterns, of varying degrees of complexity,
and going by such evocative terms as ‘gaps’, ‘flags’, ‘pennants’, ‘symmet-
rical triangles’, ‘rising wedges’, °resistance lines’, °reflecting barriers’
and, perhaps the most celebrated of all, the ‘head-and-shoulders’. Technical
analysis has, in recent years, evolved further in the sense that attempts have
been made to provide a theoretical underpinning to what, on the face of it, is
a purely descriptive forecasting technique. For example, the psychology of
crowd behaviour and the mathematics of spirals, notably limit cycles and Fi-
bonacci Sequences, have been invoked to provide formal underpinnings to
technical analysis. Needless to say, many academics have been vehemently op-
posed to this type of analysis and Burton Malkiel, for example, continues to
provide a trenchant critique of chartism.

Indeed, even while this ‘eyeball’ examination of past price patterns for

possible prophetic significance was becoming standard practice for investment
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analysts, academics had begun to analyse financial price series using statistical
techniques. Maurice Kendall found that changes in financial prices behaved
nearly as if they had been generated by a suitably designed roulette wheel for
which each outcome was statistically independent of past outcomes and for
which the probabilities of occurrence were reasonably stable through time.
This has the implication that, once the investor accumulates enough evidence
to make good estimates of the probabilities of different outcomes of the wheel,
his forecasts can be based only on those probabilities, and he need pay no at-
tention to the pattern of recent spins. Such spins are relevant to forecasting
only insofar as they contribute to more precise estimates of probabilities——in
gambling terms, Kendall’s roulette wheel ‘has no memory’.

Similar conclusions had, in fact, been reached long before Kendall’ s
1953 study, notably by Holbrook Working in 1934, who had focused on the
related characteristic of financial prices, that they resemble cumulations of
purely random changes. Further impetus to research on price forecastability
was provided by the publication in 1959 of papers by Harry Roberts and M.
M. Osborne. The former presented a largely heuristic argument for why suc-
cessive price changes should be independent, while the latter developed the
proposition that it is not the actual price changes, but the logarithmic price
changes, which are independent of each other. With the auxiliary assumption
that the logarithmic changes themselves are normally distributed, this implies
that prices are generated as Brownian motion.

The stimulation provided by these papers was such that numerous articles
appeared over the next few years investigating the hypothesis that price
changes (or logarithmic price changes) are independent, a hypothesis that
came to be termed the random walk model, in recognition of the similarity of
the evolution of a price series to the random stagger of a drunk. Indeed, the
term ‘random walk’ is believed to have first been used in an exchange of cor-
respondence appearing in Nature in 1905 which was concerned with the opti-
mal search strategy for finding a drunk who had been left in the middle of a
field. The solution is to start exactly where the drunk had been placed, as that
point is an unbiased estimate of the drunk’s future position since he will pre-

sumably stagger along in an unpredictable and random fashion. This example
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illustrates the crucial property of a random walk: if prices follow a random
walk, then the optimal forecast of any future price, made using the informa-
tion contained in past prices, is simply today’s price. Any patterns observed
in the past have thus occurred by chance, and will therefore have zero proba-
bility of ever occurring again.

Why, though, should people be fooled into seeing patterns in series that
are no more than accumulations of random numbers, as must technical ana-
lysts under the random walk hypothesis? This self-deception seems to be be-
cause there is a tendency to ascribe to sums of independent random variables
behaviour which is typical of the individual random variables themselves. In-
deed, Working noted precisely all the “chartist” effects in his artificially gen-
erated random walks. Hence, if price changes are indeed random, the price
level, which is the sum of the changes, will be expected to be random as well,
although it will, in fact, be highly correlated with past price levels. Converse-
ly, when patterns are observed in the levels, successive price changes will be
expected to be related. This counter-intuitive result is, in fact, a consequence
of the first arc sine law of probability and is typical of many problems involv-
ing the cumulation of chance fluctuations.

These seminal papers led to the development of much of what is now
known today as financial econometrics. The econometric analysis of time series
is one of the most important areas of economics, and has transformed the way
economists and statisticians analyse the evolution and interaction of variables
that move over time. Since analysing the movements of financial time series is
essential for making accurate pricing and forecasting decisions, the techniques
developed in this book are important tools for anyone interested in seriously
analysing financial markets. As the financial markets develop in China and
more data become available, the scope for using these techniques will grow and
allow a much deeper understanding of the factors that drive the movements in

speculative prices.

Terence C. Mills
Feb, 2002




