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recently been written about accuracies of images and maps derived from reM
motely sensed data. These studies have addressed

tween these two data sets. Overall accuracy for a
particular classified image/map is then calculated by
dividing the sum of the entries that form the major
diagonal (i.e., the number of correct classifications)
by the total number of samples taken.
More detailed statements of accuracy are often
derived from the error matrix in the form of individualland-uselland-cover category accuracies. The
reason for this additional assessment is obvious. If
a classified image/map is stated to have an overall
accuracy of 73 percent, the value represents the accuracy of the entire product. It does not indicate
how the accuracy is distributed across the individual categories. The categories could, and frequently
do, exhibit drastically differing accuracies, and yet
combine for equivalent or similar overall accuracies.
Individual category accuracies are, therefore, needed
in order to completely assess the value of the classified image/map for a specific application.
An examination of the error matrix suggests at
least two methods for determining individual category accuracies. The most common and accepted
method is to divide the number of correctly classified samples of category X by the number of category X samples in the reference data (column total

UCH HAS

errors caused by preprocessing (Smith and Kovalick, 1985), by interpretive techniques both manual
(Congalton and Mead, 1983) and automated (Story
et aI., 1984; Congalton and Rekas, 1985), by the imaging system (Williams et aI., 1983), and by techniques for sampling, calculating accuracy, and
comparing results (Hord and Brooner, 1976; van
Genderen and Lock, 1977; Ginevan, 1979; Hay, 1979;
Aronoff, 1982; Congalton et aI., 1983). The most
common way to express the accuracy of such images/maps is by a statement of the percentage of the
map area that has been correctly classified when
compared with reference data or "ground truth."
This statement is usually derived from a tally of the
correctness of the classification generated by sampling the classified data, and expressed in the form
of an error matrix (sometimes called a confusion
matrix or contingency table) (Table 1). In this kind
of tally, the reference data (usually represented by
the columns of the matrix) are compared to the
classified data (usually represented by the rows).
The major diagonal indicates the agreement be-
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AN EXAMPLE ERROR MATRIX SHOWING
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Sum of the major
diagonal = 41
Overall Accuracy
= 41/56 = 73%
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TABLE

2.

A NUMERICAL EXAMPLE SHOWING PRODUCER'S AND USER'S ACCURACIES

Reference Data
F

W

U

Row
Total
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28

14
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Sum of the major
diagonal = 63
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=
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Producer's Accuracy
F = 28/30 = 93%
W = 15/30 = 50%
U = 20/40 = 50%

for category X). An alternate method is to divide
the number of correctly classified samples of category X by the total number of samples classified as
category X (row total for category X). It is important
to understand that these two methods can result in
very different assessments of the accuracy of category X. It is also important to understand the interpretation of each value.
In the traditional accuracy calculation, the number of correctly classified samples of category X is
divided by the total number of reference samples of
category X (column total). The resulting percentage
accuracy indicates the probability that a reference
(ground) sample will be correctly classified. What is
really being measured using this method are errors
of omission. In other words, samples that have not
been correctly classified as category X have been
omitted from the correct category. This accuracy value
may be referred to as the "producers accuracy," because the producer of the classified image/map is
interested in how well a specific area on the Earth
can be mapped.
However, an important, but often overlooked,
point is that a misclassification error is not only an
omission from the correct category but also a commission into another category. Unless the classified
image/map is 100 percent correct, all samples that
are classified as category X are not actually category
X. When the number of correctly classified samples
of category X are divided by the total number of
samples that were classified in category X (row total), the resulting percentage accuracy is indicative
of the probability that a sample from the classified
image/map actually represents that category on the
ground. What is really being measured in this case
are errors of commission. In fact, a better name for
this value may be "reliability" (Congalton and Rekas, 1985) or "user's accuracy" because a map user
is interested in the reliability of the map, or how
well the map represents what is really on the ground.

63/100

=

63%

User's Accuracy
F

=

28/57

=

49%

W = 15/21 = 71%
U

= 20/22 = 91%

An example of what might happen if one does
not understand the use of these accuracy calculations follows. Suppose that an area is composed of
three land-uselland-cover categories: forest (F), water
(W), and urban (U). A classified image/map is produced, sampling performed, and an error matrix
(Table 2) generated to assess the accuracy of the
product.
An examination of the error matrix in Table 2 shows
that the overall map accuracy is 63 percent. The
traditional producer's accuracy for the individual
land-useiland-cover categories shows that the forest
classification is 93 percent accurate/This high value
could lead a resource manager to conclude that this
classified image/map is sufficiently accurate for his
needs. However, upon identification of specific forest sites on the classified image/map for use in the
field, the forester will be disappointed to find that
only 49 percent of the sites identified as forests on
the classified image/map are actually forested. In
other words, 93 percent of the forest has been correctly identified as such, but only 49 percent of those
areas identified as forests are actually forests while
51 percent of those areas identified as forests are
either water or urban. Another way to view this
difference is to consider the image/map producer
standing in a forested site in this hypothetical area.
The probability that this forested site was identified
on his image/map as a forested site is 93 percent.
However, consider the view of the forester (Le., the
user) who has chosen a forested site on the image/
map for possible timber sales. The probability that
this site, which was identified on the image/map as
a forest, actually is a forest is only 49 percent.
Although these measures of accuracy may seem
very simple, it is critical that they both be considered when assessing the accuracy of a classified image/map. All too often, only one measure of accuracy
is reported. As was demonstrated in the example
above, using only a single value can be extremely
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misleading. Given the optimal situation, error matrices should appear in the literature whenever accuracy is assessed so that the users can compute
and interpret these values for themselves.
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