Financia Economics Average Stock Price

Random Walk

According to the random-walk theory, a stock price follows a
random walk. The change in the stock price is white noise.

In contrast, the average stock price during a period of time does
not follow arandom walk. Its change from one period to the
next is afirst-order moving average, with first-order
autocorrelation 3.

In the past, some econometric studies of the average stock price
have wrongly claimed to have disproved the random walk
theory,
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Stock Price

Suppose that the stock price z is Wiener-Brownian motion.
Thefirst-difference

t+1
Az ::Zt+1_zt:/t dz;.

Its mean is zero.
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Moving Aver age

Below we express variables as an integral (moving average) of
the stock price changes dz. We then calculate a variance or
covariance using the relation

dtift=r

E(dzdz;) = .
Oift#1.
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The variance of the first difference

Var (Az) =E l(/tmdzf) 2] —/tHlE [(dz.)?] —/tmdr—l_

The first-order autocorrelation of Az is zero, and the
first-difference is white noise.
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Aver age Stock Price

Let y; denote the average stock price fromtimet totimet + 1:

t+1
Ve ::/ z:dt
t
t+1 T
:/ <Zt—|—/ dzw) dr
t t
t+1 / pt+1
=z +/ (/ dr) dzy
t w

t+1
:zt+/t (t+1—w)dz.

The average stock price is not arandom walk.
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Itsfirst differenceis
AVt ‘=Yer1— W
t+2
- [Zt+1+/ (t+2—w)dzw}
t4+1
t+1
- |:Zt+/t (t+1—w)dzw}
t+1 t+2 t+1
:/t dzf+/tl (t+271)dzf+/t (1—t—1)dze
+

142 t+1
:/ (t+2—r)dz,+/ (1—t)dz.
t t

+1




Financia Economics Average Stock Price

Weighted Average

The integration expresses the first difference as a weighted
average of the stock price changes dz;, with all weights
positive. The sum of the coefficientsis one:

t42 t-‘rl
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The variance
(Ay) = E |(ay)?]
t42 5 t+1 5
= (t+2—1) dr+/ (t—1)°dr
t+1 t
1
= 2/ 2 dr
0
_2
=3

The change in the average stock price has a smaller variance
than the change in the stock price.
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The first-order covariance

Cov (AYt41,Aw)
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First-Order Moving Aver age

The average stock pricey; isnot arandom walk. Its changeis
not white noise, but rather is afirst-order moving average, with
first-order autocorrelation 1.

10




