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and the average return is:

| =

Chapter 11 Risk and Return in Capital Markets M

(4.9% + 15.8% + 5.5% — 37.0% + 26.5% ) = 3.1%

The average Treasury bill return during the same period was 2.0%. Therefore, inves-
tors earned 1.1% (3.1% — 2.0% ) more on average holding the S&P 500 than investing
in Treasury bills during this period. This average is computed over just five years of data.
Naturally, our estimate of the true average of the distribution is more precise the more
data we use. We display the average returns for different U.S. investments from 1926-2012

in Figure 11.3.

« » Arithmetic Average Returns Versus
@& Compound Annual Returns

In Figure 11.1, we saw that $100 invested in the S&P 500 at
the end of 1925 would have grown to $319,287 by the end of
2012. What if we wanted to know the average compound annual
retur for that investment? That'’s the same as asking what return,
eamed each year for 87 years, would have caused our $100 to
grow into $319,287. We know that the formula for future value

tells us that:
FVv=PV(1+R)"
Thus:
$319,287 = $100(1 + R)¥
Solving for R, we get 9.718% (rounded).

But Figure 11.3 shows that the average annual return for the
S&P 500 for this period was 11.70%. How can the two answers

be different?

The difference is due to the fact that returns are volatile. To see
effect of volatility, suppose an investment has annual retums
*20% one year and —20% the next. The average annual

Tetum jg:

20% + (—20%)
2

=0%

B
Utthe valye of $1 invested after two years is:
$1% (1+0.20) x (1—0.20) =$0.96

This tels us that an investor would have lost money. Why?
cese the 20% gain happens on a $1 investment for a total of
o S, whereas the 20% loss happens on a larger investment

20.The loss is 20% of $1.20, or 24 cents.
$1.20

F20%($1) = +$0.20 —20%($1.20) = —$0.24

=~~~ 81.00

$0.96

In this case, the compound annual return is
 $0.96=81(1+ R)?
s0 solving for A:
R=(096)"7—-1=-2%

We calculated the 11.70% average for the S&P 500 as a simple
arithmetic average of the realized returns, while we calculated
9.7% as the average annual compound return that corresponds
to the total gain-on our $100 investment (called the geometric
average).

Which is a better description of an investment’s return? The
compound annual return is a better description of the long-term
historical performance of an investment. It describes the average
annual compound return for that particular history of returns. The
ranking of the long-term performance of different investments
coincides with the ranking of their compound annual returns. Thus,
the compound annual return is the return that is most often used
for comparison purposes. For example, mutual funds generally
report-theircompound annual returns over the last five or ten years.

On the other hand, the arithmetic average return should be
used when trying to estimate an investment's expected return
over a future horizon based on its past performance. If we view
past annual returns as independent realizations of actual returns
from the same set of possible returns, then we know from statis-
tics that the arithmetic average provides the best estimate of the
true mean. If the investment above is equally likely to have annual
returns of +20% and —20% in the future, then the payoff from a
$1 investment after two years will be:

25% of the time: $1 X (1.20) x (1.20) = $1.44
50% of the time: $1 X (1.20) x (0.80)

= (0.80) X (1.20) = $0.96
25% of the time: $1 X (0.80) x (0.80) = $0.64
The expected payoff is

25% (1.44) +50% (0.96) + 25% (0.64) = 1

which is consistent with the arithmetic average return of 0%.





