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3) using regression-tree software to build prediction

Introduction models, and 4) using the prediction models to produce a
Satellite imagery from sources such as Landsat Enhanced classified layer. Using these four steps, percent canopy-
Thematic Mapper (ETM+) istypically classified through cover and impervious-surface-cover layers were derived
unsupervised and supervised classification techniques for Zone 41 located in Minnesota and Wisconsin (figure 1).

(Lillesand and Kiefer, 2000). While these techniques can
be highly accurate, they are also time consuming and
expensive for large areas. Other classification techniques
such as regression-tree analysis have been proven effective
for large areas (Lawrence and Wright, 2001). Using
regression-tree analysis with a variety of imagery to
classify large areas produces highly accurate resultsin a
relatively short time and is inexpensive (Lawrence and
Wright, 2001). For this project, using regression-tree
analysisto classify images involved the following four
steps: 1) classifying high-resolution imagery through L
standard techniques (i.e., unsupervised/supervised Minnesota™
classifications), 2) combining the classified high-resolution
imagery with lower resolution imagery and ancillary data,

Figure 1—Zone 41 and Minnesota.
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Figure 2—Impervious-surface-cover and canopy-cover
classifications used to analyze Zone 41.

Classifying High-Resolution Imagery

The Remote Sensing Applications Center (RSAC) obtained
28 scanned, natural-color, aerial photographs from the
Natural Resources Conservation Service (NRCS). Each
image covered 289 hectares and had a scanned spatial
resolution of 0.3 meters. Only the effective area of each
photograph was used in this analysis due to geometric
distortions at the edges. Occasionally, other areas were
excluded due to poor scan quality. The 28 digital aerial
photographs were classified using unsupervised
classification techniques into three categories: impervious
surface cover, canopy cover, and background (figure 2).

Combining Classifications with Lower
Resolution Imagery and Ancillary Data

After the digital aerial photographs were classified, they
were converted to percent cover layers (figure 3) with a
spatial resolution of 30 meters, which matched the spatial
resolution of the Landsat ETM+ imagery used for the
analysis. The percent cover layers were combined with
Landsat ETM+ imagery, state soil geographic (STATSGO)
data, Tasseled Cap transformations, elevation, slope, and
aspect information. All of these data layers, which had a
spatial resolution of 30 meters were obtained from the U.S.
Geological Survey, EROS Data Center (EDC). The
Landsat ETM+ data consisted of three composite images

Figure 3—Percent impervious-surface-cover and canopy-
cover layers at 30 meter spatial resolution.

from spring (March—May), leaf-on (July—August), and
leaf-off (October—November) time periods (figure 4).
The STATSGO imagery consisted of three layers: soil
carbon, soil gaulity, and soil available-water capacity.

Removing Clouds from the Landsat ETM+ I magery
The Landsat ETM+ scenes selected for the composite
images were the most cloud-free ones available.
However, some clouds occurred in the images. RSAC
has developed an automated process that eliminates
clouds by predicting what the digital-number (DN)
values would be if there were no clouds (figure 5). This
process successfully removed all the clouds from the
Landsat ETM+ scenes. RSAC tested the accuracy of
this method by predicting DN values for nonclouded
imagery and comparing these values with the original
ones. The results are shown in table 1. On average, the
predicted DN values did not differ by more than one for
all bands.

Regression-Tree Classification

The aerial photography and Landsat ETM+ images
were combined to build prediction models using Cubist
(www.rulequest.com). Cubist does not read remotely
sensed imagery directly. Thus, the imagery must first be
converted to comma-delimited, ASCI| text.

Spring Composite Landsat ETM+
Image

Image

Leaf-on Composite Landsat ETM+

Leaf-off Composite Landsat ETM+
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Figure 4—Landsat EMT+ composites used to derive percent impervious cover and canopy-cover layers for Zone 41.




Figure 5—Above left, the original Landsat EMT+ image with clouds; above right, the EMT+ image with the clouds
removed by using the eliminate clouds procedure developed at RSAC.

Cubist can be run three different ways: “Rules alone,”
“Instances and rules,” and “Let Cubist decide.” Models
were created using all three of these options. The
“Instances and rules’” and “L et Cubist decide” options
produced models with higher correlation coefficients and
lower average errors than the “Rules alone” approach.
However, due to the complexity of the models generated,
it would have taken more than 250 days to apply these
models to the entire data set. Therefore, models generated
using the “Rules alone” option were applied to the entire
data set, and only took 18 hours to implement.

Several Cubist trials using different image layers were
run to derive the best models. For predicting impervious
surface cover, the model that included bands 1-5 and 7 of
the Landsat ETM+ composite images, elevation, slope,
and aspect had the lowest amount of error and highest
correlation. For predicting canopy cover, the model that
included bands 1-5 and 7 of the Landsat ETM+
composite images, elevation, and slope had the lowest
amount of error and highest correlation. However, when

the model was applied to Zone 41, noticeable seam lines
appeared in the imagery. The lines occurred where the
different dates of Landsat ETM+ imagery joined each
other in the composites. To make the results more
accurate, the final model chosen to depict canopy cover
included bands 1-5 and 7 of the composite Landsat
ETM+ imagery, elevation, and the thematic Landsat
ETM+ composite date bands. The final predicted canopy-
cover image appearsin figure 6. The final predicted
impervious-surface-cover image is shown in figure 7.

Accuracy Assessment

To assess the accuracy of the models, RSAC did a 10-
fold cross validation using Cubist. A 10-fold cross
validation technique divides the datainto 10 equal
groups. With each iteration, nine groups are used to build
models and the remaining group is used to test the
models. At the end of each iteration, error rates and
correlation coefficients are calculated. At the end of the
10-fold cross validation, the error rates and correlation

Table 1—Summary of the Differences Between Predicted and Original DN Values for Landsat ETM+ Images

Band 1 Band 2 Band 3 Band 4 Band 5 Band 7
Maximum Difference 21 25 25 31 60 32
Minimum Difference -14 -23 -23 -53 -77 -55
Mode 0 0 0 0 -1 0
Median 0 0 0 0 1 0
Mean Difference 0.176 0.038 0.037 -0.118 0.758 0.435
Standard Deviation 1.915 2.787 2.778 4.678 6.658 4.820




coefficients are averaged. These averages are nearly Conclusion

unbiased predictors of the true error rates and true Compared to other classification techniques that could
correlation coefficients of the model built with all the have been used to derive these percent cover layers, these
data. The 10-fold cross validation for the percent canopy- accuracy levels are considered high. Additionally, these
cover model had an average error of 14.5, relative error methods are much faster and less expensive than

of 0.55, and correlation coefficient of 0.77. The 10-fold traditional approaches (Lawrence and Wright, 2001).
cross validation for the percent impervious-surface-cover These procedures provide geospatial data users an
analysis had an average error of 4.6, relative error of improved method to derive percent cover layers.

0.36, and correlation coefficient of 0.82.

Figure 6—Predicted canopy cover for Zone 41. Figure 7—Predicted impervious surface cover for
Zone 41.
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