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S T A T S G O   D A T A B A S E
The STATSGO database was developed by the Natural Resources Conservation Service and published in 1994 (National
Soil Survey Center, 1994).  The soil geographic database consists of digital map data, attribute data, and Federal Geographic
Data Committee compliant metadata.  The database is linked to soil interpretation records that contain data on the physical
and chemical properties of approximately 18,000 different soils.

The STATSGO database contains 9,555 unique map units and 78,507 polygons.  The map data are compiled onto the
United States Geological Survey’s 1:250,000-scale topographic quadrangle base maps, and digitized.  The minimum
delineation size is about 1,544 acres (625 ha).  Because of the small scale of STATSGO maps, map units and delineations in
published soil survey reports have been expanded statistically to characterize the broader map units of STATSGO.

G P R   S O I L   S U I T A B I L I T Y   M A P
Soil properties selected to prepare this map are summarized
in Table 1.  Index values were assigned to each of the
selected soil properties based on field experiences.  The
lower the index value, the more suited a soil or map unit is
to GPR.  For clay content, index values ranged from 1 to 5.
Soils with clay contents less than 10 percent were assigned
an index value of 1.  Soils with clay contents greater than
60 percent were assigned an index value of 5.  Textural
adjustments were made and separate indices were used for
organic and volcanic soils.  Because of their unsuitability to
GPR, saline and sodic soils were assigned an index value of
10.  All soils having layers of calcium carbonate enrichment
were assigned an index value of 3.

The index values for the selected soil properties (clay
content, electrical conductivity or SAR, and calcium
carbonate content) were summed to a depth of 1.0 m for
mineral soils and 1.25 m for organic soils.  The most
restrictive condition at the soil horizon level was selected and
carried over to the soil component level.  An index was
computed for each soil component. Table 2 shows
component percents and GPR indices for a hypothetical soil
map unit.

An index was computed for each map unit by summing the
percentages of soil components with the same GPR index.
Table 3 shows the results of summing the component
percents by GPR indices shown in Table 2.  In this example,
the dominant GPR Index is 4.  Soils with this index make up
38 percent of the map unit.  However, this map unit is also
composed of soils that have more limiting (21 percent) or
more favorable (41 percent) GPR indices.

The final product is a lookup table consisting of the map unit
identifiers and dominant GPR indices.  Map units with all
soil components missing clay content data are shown as “No
Data” on the map.  The dominant GPR index for each
component is joined to the map unit identifiers in the digital
map for classification and visualization.  The data were
manually classified into the four soil potential classes shown
in Table 4.

Compared with the map of effective ground conductivity (Figure 1), the Ground-Penetrating Radar Soil Suitability Map of
the Conterminous United States is based on a larger sample population and provides greater detail and agreement with major
soil and physiographic units.  The Ground-Penetrating Radar Soil Suitability Map of the Conterminous United States can
provide investigators with a broad overview of dominant soil properties that affect conductivity, attenuation, depth of
penetration, and the relative effectiveness of GPR applications within broadly defined areas.  However, within any broadly
defined area, the actual performance of GPR will depend on the local site conditions, the type of application, and the
characteristics of the subsurface target.  This information can aid investigators who are unfamiliar with an area select the
most appropriate survey tools and survey procedures.  The Ground-Penetrating Radar Soil Suitability Map of the
Conterminous United States is available from USDA-NRCS.

Table 1.  Soil criteria used in calculating the GPR Suitability Index.
GPR suitability index = (A + B + C).
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Texture Adjustments for Organic Soils
(Soil reaction group & Taxonomic Subgroup) Index
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Texture Adjustments for Volcanic Soils
(Soil particle size group) Index
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B. Electrical Conductivity (mmho/cm) and SAR Index
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C. Calcium Carbonate
(Determined from Taxonomic Classification) Index
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Table 2.  Computed GPR indices for soil components in a soil map unit.

Component Number Component Percent GPR Index

5121
3912
4123
4714
315
346
2317
338
319

Table 3.  Soil component
percents summed by GPR index.

Sum GPR Index
Component %

21 5
38 4
28 3
13 2

Table 4.  Potential for soil
investigations base on grouped

GPR Suitability Index.

GPR Suitability Index Potential

0 to 2 High
>2 to 3 Moderate
>3 to 5 Low

>5 Unsuited
-99 No Data

A B S T R A C T

The performance of ground-penetrating radar (GPR) is dependent upon the electrical conductivity of soils.  Soils having
high electrical conductivity rapidly attenuate radar energy, restrict penetration depths, and severely limit the effectiveness
of GPR.  Factors influencing the electrical conductivity of soils include the amount and type of salts in solution and the clay
content.  A thematic map of the conterminous United States showing the relative suitability of soils for GPR applications
has been developed.  This map is based on field experience and soil attribute data contained in the State Soil Geographic
(STATSGO) database developed by the Natural Resources Conservation Service.  Attribute data used to determine the
suitability of soils include clay content, electrical conductivity, sodium absorption ratio, and calcium carbonate content.
Attribute data were generalized from soil surveys.  Each soil attribute was rated and assigned a value ranging from 1 to 10.
The most limiting (maximum) indices within depths of 1.0 or 1.25 m were selected for electrical conductivity, sodium
adsorption ratio, calcium carbonate content, and total clay for each soil component.  Indices were summed for each soil
component and for each map unit.  The dominant value was selected as the GPR suitability index for each map unit.
The GPR indices are displayed in a graduated color map.  This map can be used to assess the relative appropriateness of
GPR for soil investigations within comparatively large areas of the conterminous United States.

I N T R O D U C T I O N

A map of effective ground conductivity that was developed by Fine (1954) has provided broad guidance as to anticipated
rates of attenuation, penetration depths, and the relative suitability of GPR within different geographic areas of the United
States (see Figure 1).  This map, prepared for the Federal Communication Commission, is based on measurements of
ground wave field strengths for commercial broadcast stations (Scott, 1983).  Because this map was prepared at a small
scale (1:2,500,000) and from a limited sample population (7000 paths), much detail was omitted and broad
generalizations were made.  While this map has been used as a general guide for assessing the relative suitability of soils
for GPR applications in different areas of the United States, users have noted discrepancies.  Alternative maps are needed
to improve our knowledge of the distribution of soils that are suited to GPR.

The penetration depth of GPR is principally determined by the conductivity of the earthen materials being profiled.  Soils
having high electrical conductivity rapidly attenuate the radar signal and reduce the penetration depth.  The electrical
conductivity of soils increases with increased water, clay, and soluble salt contents.  In this paper, data contained in the
State Soil Geographic (STATSGO) database were used to develop a Ground-Penetrating Radar Soil Suitability Map of
the Conterminous United States.  Properties selected to prepare this map reflect variations in the clay and soluble salt
contents of soils and include percent clay, electrical conductivity, sodium absorption ratio (SAR), and calcium carbonate
content.


