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Random Walk

In probability theory, a random walk is a stochastic process in

which the change in the random variable is uncorrelated with

past changes.

Hence the change in the random variable cannot be forecasted.

For a random walk, there is no pattern to the changes in the

random variable, as the existence of any pattern would mean

that the changes can be forecasted.
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Random Walk for Stock Price

Consider the basic rate-of-return/present value model of

asset-market equilibrium. Assume that the market interest rate

is constant.

Consider a stock not paying a dividend.

For the market to be efficient, the stock price must follow a

random walk. Otherwise the price change on the stock could be

forecasted, and there would be an opportunity for economic

profit.
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News

Although the change in the stock price cannot be forecasted,

the change is not irrational. News about economic

fundamentals—sales, earnings, dividends, interest rates, the

business cycle, etc.—is what causes the price to change.
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Random Walk and Efficiency

A random walk for the stock price is not sufficient for market

efficiency.

A random walk implies that past price changes cannot forecast

future price changes. However perhaps other information—but

not past price changes—does permit the forecasting of future

price changes. Hence perhaps the market is not efficient, even

though the stock price does follow a random walk.
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Qualification

If the market interest rate is not constant, then an investor can

see how it is changing, and in this sense the rate of return can

be forecasted somewhat.
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Risk Premium

Alternatively, the theory of market equilibrium can allow a risk

premium. The expected rate of return on an asset is the

risk-free rate of return plus a risk premium.

If either the risk-free rate of return or the risk premium is not

constant, then the expected rate of return is changing, and in

this sense the rate of return can be forecasted somewhat.

If the change is slow, however, then the stock price may nearly

follow a random walk.
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History

The French statistician Bachelier [1] was the first to observe

that stock prices follow a random walk, in 1900. However he

saw the random walk as an indication of irrationality, not as a

consequence of market efficiency.
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Support

Observed data support the random-walk theory remarkably

well.

Furthermore, this finding is independent of the time increment

analyzed. Whether one looks at yearly, monthly, weekly, daily,

or intraday data, a random walk describes the data.
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Special Circumstances

In special circumstances, market efficiency does not imply that

a stock price should follow a random walk.
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Ex Dividend Date

Of course the stock price does not follow a random walk at the

ex dividend date. In an efficient market, on the ex dividend date

the stock price falls by the amount of the dividend. Otherwise

there would be an opportunity for economic profit.

Stock price tables in the newspaper take this effect into

account. On the ex dividend date, the reported change in the

stock price is not the actual price change, but is rather the stock

price change adjusted for the dividend. If the stock price falls

by exactly the dividend, then the reported price change is zero.
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Equal Chance of Price Rise or Fall

Typically one expects approximately an equal chance of a price

rise or a price fall.

To have a positive expected rate of return, the expected change

in the stock price is slightly positive. Hence the probability of a

price rise is perhaps slightly higher than one half, but is

nevertheless very close to one half.
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Asymmetry

However in special circumstances these probabilities may

differ sharply.
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Takeover Offer

Consider a company with share price $50. Suppose that

another company unexpectedly offers to buy the shares for $80.

Typically the executives of the target company try to fight off

the takeover offer, as they are likely to lose their jobs if the

takeover is successful.
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Suppose that there is a 2/3 chance that the takeover will

succeed, and the share value will be $80. There is a 1/3 chance

that the takeover will fail, and the share value will fall back

to $50.

In an efficient market, the share price will be $70: the expected

share value is
2
3
×80+

1
3
×50 = 70.
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Peso Effect

This same principle can apply generally. Suppose that there is a

very small chance of a big price fall, but otherwise the price

will fluctuate up and down only a small amount.

The possibility of the big price fall lifts the probability of a

small price rise. Nevertheless the expected rate of return should

be the market interest rate.
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Low Risk

For Treasury bills, which have low risk, almost every day the

bill price rises.

A price fall can occur only if the unexpected rate of return is

more negative than the expected rate of return.
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Term Structure

In bond pricing, there is necessarily a pattern to the rate of

return. Over the lifetime of the bond, the bond must earn the

yield to maturity. A higher rate of return in one year therefore

implies a lower rate of return in another.

For long-term bonds, however, the day-to-day or

month-to-month price change is approximately a random walk.

17

Financial Economics Random Walk

References

[1] Louis Bachelier. The theory of speculation. In Paul H.

Cootner, editor, The Random Character of Stock Market

Prices, chapter 2. MIT Press, Cambridge, MA, 1964.

18


