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PREFACE

The intent of this publication is twofold: (1) to
serve as a user guide for soil scientists and others
interested in learning about the value and use of
digital elevation model (DEM) data in making soil
surveys and (2) to provide documentation of the Soil
Landscape Analysis Project (SLAP).

This publication provides a step-by-step guide on
how digital slope-class maps are adjusted to
topographic maps and orthophotoquads to obtain ac-
curate slope-class maps, and how these derivative
maps can be used as a base for soil survey pre-
maps. In addition, guidance is given on the use of
aspect-class maps and other resource data in making
pre-maps. The value and use of tabular summaries

are discussed. Examples of the use of DEM pro-
ducts by the authors and by selected field soil
scientists are also given. Additional information on
SLAP procedures may be obtained from USDA, Soil
Conservation Service, Soil Survey Division, PO.
Box 2890, Washington, D.C. 20013, and from
references (Horvath and others, 1987; Horvath and
others, 1983; Klingebiel and others, 1987; and
Young, 1987) listed in this publication.

The slope and aspect products and the procedures
for using these products have evolved during 5 years
of cooperative research with the USDA, Soil Con-
servation Service and Forest Service, and the USDI,
Bureau of Land Management.
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INTRODUCTION

The importance of parent material, climate, relief,
biological activity, and time have long been recog-
nized by soil scientists as principal factors in soil
formation. Slope- and aspect-class maps, derived
from digital elevation model (DEM) data, have
potential for providing some of this information.
Since slope and aspect influence soil and vegetation
types, it seems logical to use these maps for making
soil surveys together with topographic maps and
orthophotoquads.

The U.S. Geological Survey’s (USGS) Earth
Resources Observations Systems (EROS) Data Center
(EDC), in cooperation with the Bureau of Land
Management (BLM), Forest Service (FS) and the
Soil Conservation Service (SCS), has developed a
procedure that uses spatial and tabular data bases to
generate elevation, slope, aspect, and spectral map
and tabular products that can be used during soil
mapping (Horvath and others, 1987). The tabular
data are indexed to soil landscape delineations and
help quantify soil map unit composition. The data
are also available in computer format for entry in
microcomputer data bases. These data help soil
scientists evaluate and describe mapping units and
provide valuable information to users of soil
surveys in resource planning and management.

The USGS, as a part of its National Mapping
Program, has developed digital elevation data pro-
ducts in a standard DEM tape format (USGS,
1987). Methods have been developed to convert
these 7.5-minute DEM data to slope- and aspect-
class maps at 1:24,000-scale.

Maps derived from DEM data have been checked
in the field to determine their accuracy. The quad-
rangles selected to test the accuracy of the slope-
and aspect-class maps covered areas that ranged
from level to steep and mountainous. Climatic con-
ditions ranged from hot arid areas receiving less
than 200mm of precipitation annually to cold wet
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areas receiving precipitation of over 600mm
annually. Fourteen 7.5-minute quadrangles were
evaluated: three in northwest Wyoming, one in
southeast Idaho, and ten in south-central Nevada.
In each of the 14 quadrangles, sample sites were
selected at random and checked in the field to
determine the accuracy of the slope and aspect
maps. The information from over 90 percent of the
samples was sufficiently accurate to be used in soil
surveys. Most inaccuracies occurred on slopes rang-
ing from 0-5 percent and on terrain where slopes
were short, complex, and irregular.

The slope, aspect, and elevation maps derived
from DEM data, and the tabular summaries from
these data were evaluated on over 600,000 hectares
in Wyoming, Nevada, and Idaho under varying
climatic/vegetative and topographic conditions.
These products were found to be most effective for
making order-3 soil surveys. When making these
surveys, soil scientists normally cannot verify the
soil boundaries throughout their entire course; many
mapped boundary locations are based on judgment
decisions after consulting aerial photographs and
evaluating vegetation and terrain. Slope, aspect, and
elevation maps provide information in areas of
dense vegetation where aspect and elevation often
influence the kind of soil and vegetation. Though
DEM products can be used in different ways when
making soil surveys, it is routinely necessary to
adjust the digital slope-class map to fit the topogra-
phic map and the orthophotoquad if the slope- and
aspect-class maps are to fit the landscape
accurately.

DESCRIPTION OF PRODUCTS

Development of Products

DEM data are available from the USGS’s
National Mapping Division (NMD) as part of a
series of digital products termed U.S. GeoData
(Elassal and Caruso, 1983), although national
coverage is not complete. Most of the present
coverage is in areas of high relief. DEM data
(Doyle, 1978) are available on a 7.5-minute quad-
rangle basis in a 30-by-30-meter grid-cell format.
The array of elevation values is referenced to the
Universal Transverse Mercator (UTM) coordinate
system (Horvath and others, 1987). The 7.5-minute
series of DEM products has a source scale of
1:24,000. When the data are used to generate a
1:24,000-scale graphic, the graphic will correctly
overlay the corresponding standard 7.5-minute
quadrangle topographic map and orthophotoquad.

The slope and aspect products produced at the
EROS Data Center (EDC) are derived from the
elevation values using root-mean-square calculations
and are grouped according to selected slope, aspect,




and elevation classes. The slope algorithm calculates
percent slope and the aspect algorithm provides
slope direction data expressed in compass coor-
dinates (Doyle, 1978; Horvath and others, 1983;
and ESL, Inc., 1984). The slope-class intervals,
aspect-class intervals, and critical elevation contours
are selected by the field soil scientist according to
the terrain and potential uses of the area that is be-
ing mapped. It is essential that the slope-classes fit
the landscape and be meaningful in separating soils
for potential use and management.

Slope-Class Maps

Four to six slope classes are commonly selected
for mapping, although as many as seven may be
selected. Two slope-class maps, for example,
filtered and unfiltered, are generally produced for
each 7.5-minute quad.

Since the DEM data are in grid cell format, the
derived slope-class maps do not have smooth lines
that represent landscape boundaries (fig. ). The
computer outputs one character representing each
30-meter square cell, which often results in too
much detail, thereby confusing the interpretation of
general slope patterns and important slope breaks.
To avoid displaying unwanted detail, a ‘‘filtering’’
algorithm (Mayers and others, 1987) incorporating
areas smaller than 4 hectares (10 acres) is generally
applied to the images before printing the slope-class
maps (fig. 2). Since small areas are not normally
shown on order-3 soil surveys, the 4-hectare filter-
ing has given the best results for generalizing ex-
cessive detail. Where an 8-10 hectare filtering is us-
ed, some of the important slope detail is lost
resulting in questionable slope boundaries; however,
in very rough terrain this broader filtering may be
preferable. When ordering slope-class maps from
EDC, the field soil scientist can select the number
of hectares for the minimum-size slope-class delin-
eation. However, if filtered.slope-class maps are
ordered and a number is not selected, the slope-
class data will be filtered to 4 hectares.

Both filtered and unfiltered slope class maps are
reproduced on transparent mylar with classes dif-
ferentiated by discrete colors.

Apect-Class Maps

When ordering aspect-class maps, the aspect
classes mapped are selected to be most useful in the
area. Two to four classes are commonly used. The
most common request in the more mointainous
western States is for two classes, namely, north/east
and south/west; in azimuth degrees, 310 to 110 and
111 to 309, respectively.

Generally, slope must be greater than 15 percent
for aspect to be a noticeable factor in soil formation

and to influence vegetation; thus, the field soil
scientist should be able to select the percent-slope
break to eliminate aspect classification in relatively
level areas. However, if a specific break is not
selected, the aspect-class maps will be produced
using a 15-percent slope mask. The aspect-class
maps are output on mylar and display a discrete
color for each class. The more level areas not
assigned to an aspect class remain clear (fig. 3).

Critical Elevation Contours

Critical elevation contours can be generated from
the DEM elevation data. Two to six elevation con-
tours are commonly selected by the field soil scien-
tist, although as many as eight may be selected.
The elevation contours selected should be those that
coincide with soil temperature breaks, kinds of soil-
geomorphic features, vegetation, and land use man-
agement boundaries. Where a relationship exists
between elevation and aspect, or elevation and
slope, such information can be useful.

Black elevation-class lines, as selected by the
field scientist, are superimposed over slope-class
maps or aspect-class maps as shown in figures 1-3,
for Soapy Dale Peak. The critical elevation contour
was selected to separate areas higher than 2,255 m
from those lower than 2,255 m.

Tabular Summaries

After the DEM data have been filtered (for
example, to display only polygons of 4 hectares or
greater), tables can be generated from slope class
maps that summarize the individual 30 x 30-meter
cells within each slope-class polygon. Each polygon
for a 7.5-minute quadrangle is given a unique con-
secutive number. The numbers are placed within the
polygons and are shown on a slope-class polygon
map (fig. 4). Tables are generated that show the
percentage of cells in each slope and aspect class
within each polygon. They also show the highest
and lowest elevation within each polygon, together
with other statistical data.

Landsat Spectral Data

Landsat multispectral scanner (MSS) imagery can
be used at a scale of 1:24,000 with the maps deriv-
ed from DEM data for making order-3 soil surveys.
An unsupervised classification can be performed on
a brightness/greenness transformation of the Land-
sat MSS data to reduce the information to the most
dominant patterns in the survey area (Horvath and
others, 1983). The classified spectral data are geo-
metrically corrected and divided into separate
7.5-minute quadrangles. Ten to twenty classes are
commonly used to indicate degrees of brightness
and greenness.




















































