
CHAPTER 2 WEB/CD EXTENSIONS

Continuous Probability Distributions

In Chapter 2, we illustrated risk/return concepts using discrete distributions, and we
assumed that only three states of the economy could exist. In reality, however, the state
of the economy can range from a deep recession to a fantastic boom, and there are an
infinite number of possibilities in between. It is inconvenient to work with a large
number of outcomes using discrete distributions, but it is relatively easy to deal with
such situations with continuous distributions since they can be completely specified
by only two or three summary statistics such as the mean (or expected value), standard
deviation, and a measure of skewness. In the past, financial managers did not have the
tools necessary to use continuous distributions in practical risk analyses. Now, how-
ever, firms have access to computers and powerful software packages, such as the In-
teractive Financial Planning System (IFPS) and spreadsheet add-ins, which can process
continuous distributions. Thus, if financial risk analysis is computerized, as is increas-
ingly the case, it is often preferable to use continuous distributions to express the dis-
tribution of outcomes.1

Uniform Distribution
One continuous distribution that is often used in financial models is the uniform dis-
tribution, in which each possible outcome has the same probability of occurrence as
any other outcome; hence, there is no clustering of values. Figure 2WE-1 shows two
uniform distributions.

Distribution A of Figure 2WE-1 has a range of �5 to �15 percent. Therefore, the
absolute size of the range is 20 units. Since the entire area under the density function
must equal 1.00, the height of the distribution, h, must be 0.05: , so20h � 1.0

2WE-1

1Computerized risk analysis techniques are discussed in detail in Chapter 12.

FIGURE 2WE-1
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NOTE: The expected rate of return for both distributions is .k̂ � 5%
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. We can use this information to find the probability of different out-
comes. For example, suppose we want to find the probability that the rate of return
will be less than zero. The probability is the area under the density function from 
25 to 0 percent; that is, the shaded area:

Similarly, the probability of a rate of return between 5 and 15 is 50 percent:

The expected rate of return is the midpoint of the range, or 5 percent, for both dis-
tributions in Figure 2WE-1. Since there is a smaller probability of the actual return
falling very far below the expected return in Distribution B, Distribution B depicts a
less risky situation in the stand-alone risk sense.

Triangular Distribution
Another useful continuous distribution is the triangular distribution. This type of
distribution, which is illustrated in Figure 2WE-2, has a clustering of values around
the most likely outcome, and the probability of occurrence declines in each direction
from the most likely outcome. Distribution C has a range of �5 to �15 percent and a
most likely return of �10 percent. Distribution D has a most likely return of 5 per-
cent, but its range is only from 0 to �10 percent. Note that Distribution C is skewed
to the left, while Distribution D is symmetric. The expected rate of return for Distri-
bution C is 6.67 percent, whereas that of D is only 5 percent.2 However, it is obvious
by inspection that Distribution C is riskier; its dispersion about the mean is greater
than that for Distribution D, and it has a significant chance of actual losses, whereas
losses are not possible in Distribution D.

Probability � Area � (15 � 5)(0.05) � 0.50 � 50%.

� [0 � (�5)][0.05] � 0.25 � 25%.
Area �  (Right point �  Left point)(Height of distribution)

h � 1/20 � 0.05
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2Note that the most likely outcome equals the expected outcome only when the distribution is symmetric. If the distribu-
tion is skewed to the left, the expected outcome falls to the left of the most likely outcome, and vice versa. Also, note that
the expected outcome of a triangular distribution is found by using this equation:

.
Thus, the expected rate of return for Distribution C is (�5% � 10% � 15%)/3 � 6.67%.

(Lower limit � Most likely outcome � Upper limit)/3

FIGURE 2WE-2
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NOTE: The most likely rate of return is 10 percent for Distribution C and 5 percent for Distribution D; the
expected rates of return are and .k̂D � 5%k̂C � 6.67%
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Normal Distribution
Because it is discussed so much in statistics courses, is so easy to use, and conforms
well to so many real-world situations, the most commonly used continuous distri-
bution is the normal distribution. It is symmetric about the expected value, and its
tails extend out to plus and minus infinity. Figure 2WE-3 is a normal distribution
with an expected, or mean (�, pronounced “mu”), rate of return of 10 percent and
a standard deviation (�, or sigma) of 5 percent. Approximately 68.3 percent of the
area under any normal curve lies within �1� of its mean, 95.5 percent lies within
�2�, and 99.7 percent lies within �3�. Therefore, the probability of actually
achieving a rate of return within the range of 5 to 15 percent (� � 1�) is 68.3 per-
cent, and so forth. Obviously, the smaller the standard deviation, the smaller the
probability of the actual outcome deviating very much from the expected value, and
hence the smaller the total risk of the investment.

If we want to find the probability that an outcome will fall between 7.5 and
12.5 percent, we must calculate the area beneath the curve between these points,
or the shaded area in Figure 2WE-3. This area can be determined by integration
or, more easily, by the use of statistical tables of the area under the normal
curve.3 To use the tables, we first use the following formula to standardize the
distribution:

(2WE-1)z �  
x � �

�
.

Web/CD Extensions 2WE-3

3The equation for the normal curve is tedious to integrate, thus making the use of tables much more convenient. The equa-
tion for the normal curve is

where � and e are mathematical constants; � and � denote the expected value, or mean, and standard deviation of the prob-
ability distribution, respectively; and x is any possible outcome.

f(x) �
122��2

 e�(x��) 2/2�2

FIGURE 2WE-3
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NOTE: The most likely and expected rate of return is 10 percent.
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Here z is the standardized variable, or the number of standard deviations from the
mean; x is the outcome of interest; and � and � are the mean and standard deviation of
thedistribution, respectively.4 In our example, we are interested in the probability that
an outcome will fall between 7.5 and 12.5 percent. Since the mean of the distribution
is 10, and it is between the two points of interest, we must evaluate and then combine
two probabilities, one to the left and one to the right of the mean. We first normalize
these points by using Equation 2WE-1:

The areas associated with these z values as found in Table 2WE-1 are 0.1915 and
0.1915.5 This means that the probability is 0.1915 that the actual outcome will fall be-
tween 7.5 and 10 percent and also 0.1915 that it will fall between 10 and 12.5 percent.
Thus, the probability that the outcome will fall between 7.5 and 12.5 percent is

, or 38.3 percent.
Suppose we are interested in determining the probability that the actual outcome

will be less than zero. We first determine that the probability is 0.4773 that the out-
come will be between 0 and 10 percent and then observe that the probability of an
outcome less than the mean, 10, is 0.5000. Thus, the probability of an outcome less
than zero is , or 2.27 percent.

Using Continuous Distributions
Continuous distributions are generally used in financial analysis in the following
manner:

1. Someone with a good knowledge of a particular situation is asked to specify the
most applicable type of distribution and its parameters. For example, a company’s
marketing manager might be asked to supply this information for sales of a given

0.5000 � 0.4773 � 0.0227

0.1915 � 0.1915 � 0.3830

zLeft �
7.5 � 10

5
� �0.5; zRight �

12.5 � 10
5

� �0.5.

2WE-4 CHAPTER 2 • Web/CD Extensions

4Note that if the point of interest is 1� away from the mean, then , so . Thus, when , the
point of interest is 1� away from the mean; when , the deviation is 2�; and so forth.

5Note that the negative sign on zLeft is ignored. Since the normal curve is symmetric around the mean, the minus sign
merely indicates that the point of interest lies to the left of the mean.

z � 2
z � 1.0z � �/� � 1.0x � � � �

AREA FROM THE MEAN
Z TO THE POINT OF INTEREST

0.0 0.0000
0.5 0.1915
1.0 0.3413
1.5 0.4332
2.0 0.4773
2.5 0.4938
3.0 0.4987

NOTE: Here z is the number of standard deviations from the mean. Some area tables are set up to indicate the area to
the left or right of the indicated z values, but in our table, we indicate the area between the mean and the z value.
Thus, the area from the mean to either or �0.5 is 0.1915, or 19.15 percent of the total area or probability.
A more complete set of values can be found in Table D-1 at the end of the book.

z � �0.5

TABLE 2WE-1 Area Under the Normal Curve
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product, or an engineer might be asked to estimate the construction costs of a cap-
ital project.

2. A financial analyst could then use these input data to help evaluate the riskiness of a
given decision. For example, the analyst might conclude that the probability is 
50 percent, that the actual rate of return on a project will be between 5 and 10 per-
cent, that the probability of a loss (negative rate of return) on the project is 15 per-
cent, or that the probability of a return greater than 10 percent is 25 percent. Gen-
erally, such an analysis would be done by using a computer program. We shall
return to this topic in Chapter 12.

In theory, we should use the specific distribution that best represents the true situ-
ation. Sometimes the true distribution is known, but with most financial data, it is not
known. For example, we might think that interest rates could range from 8 to 15 per-
cent next year, with a most likely value of 10 percent. This suggests a triangular distri-
bution. Or we might think that interest rates next year can best be represented by a
normal distribution, with a mean of 10 percent and a standard deviation of 2.5 per-
cent. The point is, there is simply no type of distribution that is always “best”; you
need to be familiar with different types of distributions and their properties, and then
you must select the best distribution for the problem at hand.
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