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Preface

New information on resource conservation has become available in the last
few years that will facilitate the analytical assessment of several important
conservation issues. The basic source of much of this new information—the
1982 National Resources Inventory (NRI)—is the subject of this report. The
1982 NRI, a nationwide U.S. Department of Agriculture (USDA) survey of all
nonfederal lands, contains data on approximately 22 parameters, including
physical characteristics of the land and the effects of agronomic practices on
soil erosion. The survey was based on observations of approximately one
million sites. (The first NRI was completed in 1977. The second was completed
in 1982, following the mandate contained in the Soil and Water Resources
Conservation Act of 1977. Throughout this report the term NRI surveys refers
to the 1977 and 1982 inventories.)

In early 1984, the USDA's Soil Conservation Service (SCS) asked the
National Research Council's Board on Agriculture to facilitate the establishment
of discussion between the SCS and natural resource experts by providing
analyses and recommendations on high-priority conservation issues. The board
was asked to evaluate the potential applications of the 1982 NRI, and more
specifically to address the following:

•   Identification and classification of erodible and fragile soils;
•   Identification, methods of measurement, and effects of ephemeral gully

erosion;
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•   Erosion-productivity models and the on-farm total costs of erosion;
•   Need for onsite and offsite soil loss tolerance limits;
•   Methods to inventory, monitor, and appraise offsite erosion effects;
•   Definitions and methods for inventorying urban built-up land and

potential cropland;
•   Changes in natural resource use and management since the 1977 NRI;

and
•   Effects and distribution of erosion-control practices.

As part of this evaluation the board convened a workshop in July 1984 on
technical aspects of the statistical design and content of the 1982 NRI and a
national convocation in December 1984, "Physical Dimensions of the Erosion
Problem." The project, including development of this report, was executed by
the Committee on Conservation Needs and Opportunities under the auspices of
the Board on Agriculture.

The USDA requested this evaluation project, in part, to ensure that
maximum use is made of the 1982 NRI data. The committee foresees a wide
variety of potential uses for the data. The range of recommendations in the
committee's report also suggests that extensive analysis is required to advance
conservation. Some of this new work will come under the category of research,
some under policy analysis, and some under program evaluation. All such
efforts will contribute additional insights into the effective use of public
expenditures in support of conservation.

The companion volume to this report, Soil Conservation: Assessing the
National Resources Inventory, Volume 2, contains 11 technical papers that were
presented at the convocation. The papers and accompanying discussion-all
based on data from the 1982 NRI—contribute new information on analytical
results and methods, specific applications of conservation planning and
practice, and innovative uses of data in resource policy and decision making.

This volume contains the committee's major findings, conclusions, and
recommendations on the potential uses of the NRI as well as suggestions for
future improvements and complementary activities. (The reader should note that
in technical discussions throughout this volume, measures are expressed in
English rather than metric units. This usage is consistent with the most
commonly used NRI data and with erosion prediction models and equations
used in soil management.) Chapter 1 identifies five important applications of
NRI data and summarizes major findings based on the 1982 NRI. Chapter 2
presents
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discussion and recommendations reflecting the committee's conclusion that
several aspects of NRI data compilation and dissemination should be improved.
It also includes recommendations on the use of remote sensing and related
technologies in future NRIs, the expansion of NRI coverage to federal lands,
and the inclusion of data of potential value in the evaluation of water quality.

The last three chapters of the report include more detailed discussions on
technical aspects of data gathering, analysis, and application. Chapter 3 contains
information on the process of erosion and the use of equations to estimate
erosion. In Chapter 4 the use of erosion-productivity models and on-farm and
off-farm erosion damages are discussed. Chapter 5 includes discussions of the
application of conservation practices and the need for an improved land
classification system.

The committee has commented and made recommendations on a variety of
areas involving research, coordination, and administration relating to the NRI
and to activities in the field of conservation and land use. Because work related
to improvements in the NRI necessitates involvement of a number of agencies,
the committee recommends interagency cooperation and coordination. There is
much already, but can efforts be improved? The committee also recognizes that
many of its suggestions require money and people; both are in short supply. The
Executive Summary calls attention to a few particularly important
recommendations. The committee is not, however, in a position to evaluate
priorities in detail. But it has called attention to a broad spectrum of issues,
because they warrant attention, despite the reality of constraints to some
immediate solutions.

Much remains to be learned about the processes of erosion and
sedimentation, yet what is now known needs wide application. The committee's
goal in issuing this statement is to encourage the widest possible use, consistent
with good science, of this important new data set—the 1982 NRI.

M. GORDON WOLMAN

CHAIRMAN
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Executive Summary

The wearing away of the surface of the land by water and wind can be a
gradual but accelerating process. Erosion removes imperceptibly thin layers of
fertile soft, rich in nutrients and organic matter, and reduces the ability of plants
to thrive in the soil. A reduction in plant growth results in less protective cover
for the soil and less plant residue to enrich it. Further erosion occurs, and the
process continues. The danger is that erosion can reduce soil productivity so
slowly that the seriousness of the problem might not be recognized until the
land is no longer economically suitable for growing crops.

Congress first appropriated funds to study soil erosion in 1928. Research
stations were located on the most erodible land in the country. Data were
collected on soil characteristics, the effects of erosion on crop yield, and the
effects of sediments on water bodies. At the same time drought, depression, and
the drama of the Dust Bowl combined to focus public attention on soil
conservation. The Soil Conservation Service (SCS) was created in 1935 with
the passage of the Soil Conservation Act.

Much has been learned about soil and the process of erosion during the
past 50 years. But as farming and land management methods continue to change
with the advance of technology and new demands on agricultural production,
our knowledge of erosion must be put into the perspective of these newer
methods and technologies. Progress requires that new information be collected
by more refined techniques. This information must be applied to new problems
and new situations.
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Analysis of data with more precise and reliable methods will provide an
increased scientific and technical understanding of soil erosion, transport, and
deposition and their effects on crop productivity and water systems—an
understanding that can be the basis for control of the process of erosion and
conservation of the natural resources of the United States.

A BASIC CONCLUSION

The 1982 National Resources Inventory (NRI) is the most recent of a
series of national resource surveys and inventories performed by the SCS. It
includes computerized data that represent a statistical sampling of all nonfederal
land in the United States. The 1982 NRI and its immediate predecessor, the
1977 NRI, are valuable sources of data. While there are limitations of data and
analytical equations in the 1982 NRI, the Board on Agriculture's Committee on
Soil Conservation Needs and Opportunities emphasizes that these limitations do
not significantly constrain the validity or accuracy of many important
applications of the NRI.

Creative use of the NRI allows conservation analysts and planners to
project the degree of erosion control that would be achieved by a wide range of
combinations of land use and management practices. It is also valuable in
identifying the nature and degree of erosion problems that exist across various
production regions.

The value to society of soil conservation programs, research, and data
compilation efforts stems from the contributions that these activities make to
protecting environmental quality and encouraging better management of
national resources within agricultural production systems. A continued NRI
series has the potential to contribute greatly toward achievement of this basic
goal.

SOME PRIORITIES

Given the great potential value of the NRI, the committee believes that
considerable effort is warranted to ensure that the NRI be made as strong as
possible to best serve its various uses. To this end, the report includes a number
of recommendations. While detailed priorities cannot be established, four broad
areas are emphasized in the recommendations: the scientific bases of the
equations used to predict erosion, the enhanced use of the NRI, the relationships
between erosion and productivity and erosion and water quality, and the scope
of future NRIs. While each is elaborated in subsequent chapters of the report,
the thrusts of these four major areas are briefly stated here.
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Improvements in the scientific bases of the estimates of erosion will
enhance future policy decisions. The magnitude of erosion by wind and by
ephemeral gullies requires special attention. Attention must also be given to the
way that factors in the soil loss equations are evaluated in the field. Research,
analysis, and evaluation by the scientific community in and out of government
are needed. The fruits of such work need to be continually included in the
policy process.

Supplemental documentation of the 1977 and 1982 surveys, including
details of statistical design and measures of reliability and evaluations of the
data, is needed to increase the accessibility and potential use of the NRI.
Appropriate studies would involve analyses of the data illustrating the
applicability at varying spatial scales as well as evaluation of the sources and
magnitude of statistical variability inherent in the sampling and collection of the
vast amount of data assembled in the NRI.

Estimates of erosion achieve their greatest value when they can be related
to the potential effects of erosion on the productivity of the land and on the
potential impact of erosion on water bodies. While models have been developed
to evaluate where and how erosion affects the potential productivity of the land,
additional work is essential to extend and apply such evaluations. Use of the
NRI in estimating potential offsite impacts of erosion requires development and
verification of links between erosion, transport, and deposition of sediments and
associated pollutants in runoff. Evaluations of potential onsite and offsite
effects in different areas are essential to the precise delineation of policy
choices in conservation.

To achieve maximum value, a national resources inventory should
encompass the country as a whole. The inclusion of appropriate data on federal
lands—lands that were not included in earlier NRIs—will provide the broader
data base essential in addressing national needs and priorities. New
observational techniques and data-handling capabilities may enhance future
national surveys.

ANALYTICAL APPLICATIONS TO SUPPORT
CONSERVATION

Program Development

The NRI is being used by U.S. Department of Agriculture (USDA)
scientists and others as a basic data source in carrying out many important
analyses. The committee has reviewed much of the ongoing research using the
NRI and recommends that further research using the NRI be applied to
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•   The geographic distribution of the inherent erosion potential of
cropland, measured by the physical factors of the Universal Soil Loss
Equation (USLE). This work is essential to characterize and
understand the severity of erosion-control problems across geographic
regions and to evaluate the range of viable solutions;

•   The distribution and effectiveness of conservation practices currently
used by farmers and ranchers;

•   The development of improved land classification schemes appropriate
to specific uses based on criteria and data derived from USLE data in
the 1982 NRI;

•   The relationship of different land classification schemes and
conservation measures to alternative policy options designed to
conserve the land.

Erosion Prediction Equations

The 1982 NRI has advanced knowledge of conservation needs and, at the
same time, highlighted gaps in data collection and empirically based estimation
models such as the USLE and the Wind Erosion Equation (WEE). It has raised
new questions and has provided a major new data source to use in searching for
answers.

To support more cost-effective conservation investments, there is a need
for an improved understanding of erosion and more accurate data on all its basic
forms. Knowledge of erosion by wind and the concentrated flow of water is
particularly limited.

Wind erosion estimates in the 1982 NRI must be used with considerably
more caution than the estimates of sheet and rill erosion based on the USLE.
While the wind erosion data can be useful relative indicators of wind erosion
hazard, at least in the 10 Great Plains states, estimates of wind erosion losses in
many regions are not sufficiently reliable for many uses, such as delineating the
degree of erosion hazard as a function of estimated rates of wind erosion. A
major commitment, guided by a systematic research strategy, will be necessary
to correct methodological and empirical shortcomings in the WEE.

There is a need to use the NRI results in gaining a better understanding of
another form of erosion known as ephemeral gully erosion, which occurs within
natural drainageways and swales. The NRIs contain no quantitative data on
ephemeral gully erosion—the erosion by concentrated flow in gullies that
appear intermittently during runoff events. Such erosion, however, may be
significant, adversely affecting portions of most sloping fields. For this reason,
the committee recom
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mends that more accurate and widely applicable measures of ephemeral gully
erosion be developed, with a goal of incorporating new concepts and data into
future inventories.

Several important refinements are needed in the USLE to further improve
its reliability and extend its range of application. Specifically, the committee
recommends that accelerated research efforts be directed to

•   Ensuring that C factors (representing soil cover and management
practices in the USLE) accurately predict the erosion control benefits
of crop rotation and cover and management practices;

•   Improving the accuracy of field-level determinations of C factors by
measuring and/or predicting the actual extent of soil cover provided by
crop residues in each year of rotation;

•   Developing data and practical methods for incorporating adjustments
into the USLE for application to areas of the country where frozen
soils, snowmelt, or irrigation substantially alter runoff or erodibility
and, subsequently, the estimated rates of erosion using the USLE.

LEVERAGING BENEFICIAL USES OF THE NRI

The committee believes that the NRIs have been underutilized. The USDA
is to be commended, however, for steps it has already taken to ensure that the
1982 NRI is accessible and useful to a diversity of analysts and institutions. The
USDA's efforts would be more cost-effective and successful if a number of
additional steps were taken, including

•   Publication of supplemental documentation on both the 1977 and 1982
NRIs addressing in detail survey design and content, methods to test
statistical reliability, and caveats associated with common applications
of the raw data files;

•   Provision of a supplemental tape containing the individual factors of
the WEE not recorded on the basic data tapes and the codes needed to
cross-reference NRI sample points with other key data sources; at a
minimum, these sources should include the SCS Soils-5 file and the
hydrogeological data base;

•   Publication of a supplemental volume of 1977 and 1982 NRI statistics
utilizing a variety of table formats based on ranges of inherent
erodibility rather than the Land Capability Class System.
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Understanding the Erosion-Productivity Relationship

Previous recommendations will enhance the ability of researchers to more
fully employ the NRI as a basic data source. In particular, the NRI can make
possible significant methodological and empirical advances in research that will
explore the relationship between erosion and productivity. This work is vital,
because the susceptibility of soils to erosion-induced damage is variable; at
times it is highly variable. The control of erosion on all cropland, where
desirable, can be a basic goal; but efforts are most critically needed to identify
those soils now incurring accelerating or, perhaps, permanent damage from
erosion. New erosion-productivity models, some of which are heavily reliant on
the NRI, may soon reach a level of refinement adequate to make possible a long-
overdue reassessment of soil loss tolerance limits (T). Better T values should, in
turn, directly improve USDA's ability to more accurately classify cropland
according to its susceptibility to erosion damage.

Assessing Agricultural Runoff in Relation To Water Quality

Conservation challenges have changed during the last 50 years as a result
of progressive technological change in production methods and the change from
diversified to specialized agriculture. The change from rotational cropping
involving cover crops to monoculture or row crops only, for example, can
significantly alter runoff and erosion. Most technological advances to improve
yields have had, in different regions and for different crops, both positive and
negative effects on erosion-control efforts. By increasing yields and making
possible denser plantings, technology has reduced erosion by contributing to
more complete soil cover. Some of the same technologies, however, have
introduced land use practices that have been very damaging to soils ill-suited to
intensive, continuous row-crop production.

Perhaps the most important, relatively new conservation challenge is the
need to much more carefully monitor, understand, and mitigate water pollution
from agricultural sources. As scientists and farmers improve techniques to keep
water on the land, infiltration may enhance the recharging of groundwater.
However, such an improvement may increase the opportunity for undesirable
chemicals and nutrients to move into groundwater. Technological changes in
farming methods involving more widespread, intensive uses of inorganic
fertilizers and agricultural chemicals have transformed the types of pollutants
that agriculture contributes to surface water and groundwater. For exam
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ple, nitrates have been found in drinking water supplies in several major
farming regions, and scattered reports of herbicides and insecticides in
groundwater add a new motivation to agricultural management and
conservation efforts.

Ample evidence indicates that agricultural sources of water pollution pose
significant environmental problems. Better information on the effects of
agricultural practices on Water quality is essential in devising and implementing
strategies for control of these nonpoint sources of pollution. Runoff from the
land surface contributes sediments and chemical constituents to water bodies.
Both are often considered pollutants. The 1982 NRI contains information on
land use and conservation practices that are important in estimating the
magnitude of these sources of pollution. The NRI can potentially contribute to
research and evaluation of offsite as well as onsite effects of erosion. However,
neither in the 1982 NRI nor elsewhere is adequate information yet available to
translate with confidence measures of eroding soil and related constituents to
impacts on watercourses.

The committee recommends that steps be taken to fully explore ways to
more effectively use the 1982 NRI in water quality research. The committee
foresees the need—and some opportunities—to incorporate into future
inventories additional data designed to enhance the use of the NRI in
conjunction with other data sources and models in the evaluation of offsite
effects such as sedimentation and pollution caused by erosion of the land.

Magnitude and Scope of Future NRIs

The practical application of future NRIs would be expanded by
incorporating improved analytical tools and additional data. The committee has
highlighted the need for an improved WEE, incorporation of data and equations
to estimate the severity of ephemeral gully erosion on cropland, improved
measures relating erosion and productivity, and data necessary to analyze how
agricultural management practices affect water quality. In addition to these
extensions, the committee believes that future inventories should include
appropriate data on federal lands—lands that were not included in the 1982 NRI
or earlier surveys.

The committee believes that the costs incurred by including new data in
future NRIs might eventually be offset by cost savings made possible by
incorporation of new satellite-based sensing technologies into natural resource-
monitoring programs. For example, remote sensing information can be used as
input data to calibrate and run water quality
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models. While recognizing the shortcomings of current technologies, the
committee anticipates an expansion in the capability to use remote sensing and
other technologies in conjunction with computer-based cartographic systems. It
might be possible to develop highly refined, analytical capabilities using a
combination of field-level surveys such as the NRI to ensure ground truth and
new data from satellites that will be available several times each growing season.

New technology should become available to accurately and cost-
effectively monitor cropping patterns, rainfall, and erosion occurrences; assess
net recharge to groundwater and the effects of agricultural management
practices on groundwater quality; and assess the flow of sediment and other
constituents off fields and into waterways. Efficient and effective acquisition
and use of information from a variety of integrated data bases will require close
cooperation among a number of agencies in the federal government.
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1

Scope and Content of the 1982 NRI

Between the spring of 1980 and the fall of 1982, the Soil Conservation
Service (SCS) of the U.S. Department of Agriculture (USDA), as directed by
Congress, conducted the most extensive inventory of land and water resources
ever undertaken in the United States. SCS personnel recorded over 70
observations on resource conditions and land use at each of about one million
locations across the country. The collected data were entered into computers.
The approximate cost of the project was $15 million.

The product of this project is the 1982 National Resources Inventory
(NRI): a computerized natural resource data base covering all nonfederal land
in the United States. The extensive and in some cases unique contents of the
1982 NRI make it a primary source of data for researchers, government
program administrators, and policymakers. Such an extensive survey will not be
conducted again until 1987.

The 1982 NRI is the most recent of a series of national resource surveys
and inventories performed by the SCS, beginning with the Erosion
Reconnaissance Survey of 1936. The first NRI was conducted in 1977 in
anticipation of the passage of legislation directing the USDA to evaluate
resource conditions and trends. The Soil and Water Resources Conservation Act
of 1977 mandated that such an inventory continue on a five-year cycle.

The most important inventory items in earlier surveys were land use,
conservation treatment needs, and soil classification. The 1982 NRI and its
predecessor, the 1977 NRI, include additional information on prime
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farmland; the physical and economic potential for future conversion of forest,
pasture, and rangeland to cropland uses; incidence of types of wetlands;
susceptibility of types of land to flooding; and incidence of soil conservation
practices applied on land. New resource items were added for the 1982
inventory, including data on critically eroding areas, riparian vegetation,
wildlife habitat diversity, and vegetative cover conditions on rangeland and
forestland. (See the Appendix for a formatted listing of the basic data in the
1982 NRI.)

The increased sampling density of the 1982 NRI substantially improves the
statistical reliability of the data base and permits, for example, more reliable
analysis of smaller geographic areas than was previously possible.

USES OF THE 1982 NRI

The Committee on Soil Conservation Needs and Opportunities identified
five important applications for the data contained in the 1977 and 1982 NRIs.
These uses demonstrate the value of this data source for investigating many
aspects of land use and quality, especially soil erosion and conservation.
Summaries of the five areas of application follow.

Trend Analysis

Direct comparisons of surveys are not always possible or advisable
because of changes in inventory definitions, procedures, sample sizes, and
estimation techniques (see Comparing Results from the 1977 and 1982 NRIs).
Generally, however, the definitions and procedures pertaining to cropland and
its use—a major land use category for erosion studies—are consistent. As a
result, data on conversion of land into and out of cropland use between 1977
and 1982 are reliable. Such land use shifts often have a significant effect on soil
erosion.

To some extent, trends of this type can also be analyzed using the 1982
NRI alone, because for each sample point land use is identified for the three
years prior to sampling. Although rotations were not adjusted to a common
1982 year, Ogg's analysis (1986) of 1982 NRI data suggests that land converted
to crop use between 1979 and 1982 generally produced lower yields and eroded
at rates higher than average for all cropland in 1982. With some cautions and
exceptions, erosion rates reported for major land uses in the inventories can be
compared to indicate changes from 1977 to 1982.
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Classification of Soils According To Rates of Erosion

Erosion estimates contained in the NRIs permit analysts to identify and
investigate areas with particularly high or low erosion rates. As rudimentary as
such information may seem, it has not been available until recent years. With
the steadily declining buying power of most conservation program budgets,
program managers would benefit from more reliable indicators of the most
serious problems and from an assessment of the effectiveness of alternative
strategies. Reliable indicators are vital to efforts now under way to target
government programs to the most immediate resource problems.

Identification of Needs and Opportunities

The NRIs provide a record of the types of conservation measures in use,
where they have been adopted, and their effects on erosion. Already, this
information has had a notable effect on state and federal conservation policies
and programs (American Farmland Trust, 1984).

The NRIs also enable researchers to correlate estimates of rates of erosion
observed at thousands of points in the field to other data bases. Thus, they can
test hypotheses—within the limitations of these data— about the relationships
of erosion to crop yields and sediment loads in waterways, and the effects of
alternative conservation strategies.

Data on sheet and rill erosion from the 1977 NRI have been used to
investigate the relationship between soil erosion and crop yields across broad
geographic areas. Some studies have been made possible by the capability to
link NRI data via computer with detailed soil information contained in the
computerized SCS soil survey file, Soils-5. (Soils-5, more formally called SCS-
SOI-5, is a compilation of soil interpretations data and contains descriptions of
the properties of all soils in the United States.)

Investigations of erosion-productivity relationships have led to research on
the amount of erosion that soils can withstand before serious and perhaps
irreparable damage is done to their capacity to sustain long-term agricultural
production (Pierce et al., 1983).

Relating the Nri To Water Quality and Other Environmental
Issues

Both inventories appear to have limited applications for direct analysis of
water quality problems. But as this area of interest becomes
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increasingly important in the next decade, new uses might be found for NRI
data, possibly in conjunction with new data added to future inventories or as an
extension to the 1977 and 1982 inventories. There is a need to enhance future
surveys by providing data, where possible, that are relevant to problems of
groundwater and surface water contamination by dissolved and particulate
substances. Erosion data from the NRIs might be combined with a number of
mathematical models developed to analyze water quality problems, particularly
those associated with sediment from agricultural land uses (Christensen, 1986).

Inquiries made to USDA by various agencies indicate an interest in other
potential research and policy applications of the NRI (G. Nordstrom, SCS,
personal communication, 1984). The National Oceanic and Atmospheric
Administration plans to use the NRI to study land use trends in coastal areas.
The Environmental Protection Agency has expressed interest in using the NRI
in its studies of acid rain, nonpoint pollution, pesticide use patterns, and other
environmental issues associated with land use patterns. And the U.S. Geological
Survey has requested NRI data for use in analyzing observed trends in water
quality and for research on nitrate contamination of shallow groundwater.

COMPARING RESULTS FROM THE 1977 AND 1982 NRIS

Table 1-1 shows the percentage of land in each of the major rural
categories for the 1967 Conservation Needs Inventory (CNI) and the 1977
and 1982 NRIs. Forestland increased by 1.5 percent between 1977 and
1982. However, since USDA did not have a uniform definition for that land
use until just prior to the 1982 NRI, some land classified as pastureland,
rangeland, or other rural land in 1977 was reclassified as forestland in
1982. Additional analysis, especially at the regional or Major Land
Resource Area (MLRA) level, could help determine how much of this
apparent increase is attributable solely to definitional changes. (MLRAs
consist of geographically associated land resource units; groupings by
patterns of soil, climate, water resources, land use; and type of farming. A
state, for example, might have between 6 and 12 MLRAs.)

The use of improved inventory procedures resulted in an apparent
decline of nearly 16 million acres of land in built-up use between 1977 and
1982 (see Table 1-2). Built-up areas include cities, villages, industrial
sites, cemeteries, airports, golf courses, and similar areas. This 18
percent change does not reflect an actual decline in built-up

SCOPE AND CONTENT OF THE 1982 NRI 4

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Soil Conservation: Assessing the National Resources Inventory, Volume 1
http://www.nap.edu/catalog/647.html

http://www.nap.edu/catalog/647.html


SCOPE AND CONTENT OF THE 1982 NRI 5

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

TABLE 1-1 Use of Nonfederal Rural Land (percent), 1967-1982

Land Use 1967a 1977b 1982c

Cropland 29.9 29.5 29.8

Pastureland 35.2d 9.5 9.4

Rangeland — 29.1 28.7

Forestland 30.9 26.4 27.9

Other rural land 4.0 5.5 4.2

Total 100.0 100.0 100.0

a Unadjusted data, 1967 CNI.
b 1977 NRI.
c 1982 NRI, preliminary data.
d includes rangeland.
SOURCE: 1977, 1982 NRI, 1967 CNI.

acreage during that time but an overestimate of built-up acreage in
1977. Some of this land was reclassified as rural in 1982 as a result of
more accurate expansion factors and other improved inventory
procedures applied retrospectively to the 1977 survey results. This
reclassification and other instances of improved assessments of acreage
and classification illustrate the importance of statistical design.

The SCS is conducting a series of studies designed to rectify some of
the problems caused by definitional and procedural changes. Until these
studies have been completed, NRI users who want to compare data from
1982, 1977, or earlier years might choose to perform preliminary analyses
of comparative data for discrete geographic areas that can be confirmed
by other sources of information. This analysis can valid ate the accuracy
of N R I-based methods.

TABLE 1-2 Nonfederal Land Uses (million acres), 1967-1982

Land Use 1967a 1977b 1982c

Rural landd 1,438 1,401 1,414

Urban, built-up, rural transportation 61 90 74

Small water bodies 7 9 10

Total 1,506 1,500 1,498
a Unadjusted data, 1967 CNI.
b 1977 NRI. NOTE: The decline in rural land from 1967 to 1977 is apparent, not
real, and results from improved identifications in the NRI.
c 1982 NRI, preliminary data.
d includes cropland, pastureland, rangeland, forestland, and minor land cover/uses.
SOURCE: 1977, 1982 NRI; 1967 CNI.
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Tool For Research and Policy Analysis

The NRIs have had an important influence on agricultural policy and
program administration. The availability of nationally consistent, scientifically
derived estimates of soil erosion has made it possible for policy analysts to
examine the distribution of national and regional erosion problems more
effectively than ever before.

For example, analyses of the 1977 NRI revealed that high rates of soil
erosion—and most of the total tonnage that was eroded—were concentrated on
a small amount of land. This finding led USDA and others to propose a number
of policy and program changes designed to target, or concentrate, federal
conservation assistance to specific geographic areas. The inventories have also
made possible analyses of the distribution of soil conservation practices
nationwide. As a result, policymakers now have a better understanding of the
amount of conservation work that needs to be done and the techniques that are
most likely to be effective.

Information on erosion and conservation practices contained in the NRIs
suggests the potential value of focusing new conservation programs and policies
on particular lands. A proposed soil conservation reserve, for example, would
offer land rental payments to farmers who voluntarily retire erosion-prone land
currently in cultivation. Erosion information has also been used to evaluate so-
called sodbuster policies, which propose to eliminate a farmer's eligibility for
federal commodity program subsidies if highly erodible land not currently in
production is converted to crop uses that are covered by commodity programs.
Identification of highly erodible lands—a source of sediment and other
pollutants that can affect water quality—may also contribute to selective
policies for the control of pollutants. The NRIs have been used to develop and
refine land classification schemes that can contribute to administering the
conservation reserve and sodbuster proposals.

The committee is convinced that the NRI is an important source of basic
information about U.S. agricultural resource conditions and trends. The value
and diversity of applications for the NRIs are certain to increase in the future.

Soil conservation and related issues have begun to receive increasing
attention from many public interest groups. Increasing interest is also evident
within the agricultural community. Polls and surveys of farmers indicate a
willingness to accept some forms of mandatory conservation provisions as a
requirement for participation in government farm programs (American
Farmland Trust, 1984). Public interest in soil
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conservation has reinforced efforts within the research community and posed
new challenges for refining an understanding of soil erosion processes and their
economic, ecological, and environmental consequences. As policymakers are
more frequently drawn into discussions on conservation issues, the need for
reliable information will increase.

INFORMATION FROM THE 1982 NRI

The SCS began releasing data and analyses of the 1982 NRI on a variety of
subjects in 1984. Major findings of the 1982 NRI pertaining to land use, soil
erosion, and conservation practices that have been reported (see Soil
Conservation: Assessing the National Resources Inventory, Volume 2) are
summarized here. Detailed analyses of NRI data can be found in subsequent
sections of this report.

Land Use and Soil Erosion Rates

The acreage in each of eight major uses of nonfederal land is reported in
Table 1-3. Of the total of 1.498 billion acres of nonfederal land in 1982,

TABLE 1-3 Use of Nonfederal Rural Land, 1982a

Land Use Acres (millions)
Rural land
Cropland 421.4
Pastureland 133.3
Rangeland 405.9
Forestland 393.8
Minor land cover/usesb 59.6
Subtotal 1,414.0
Urban and built-up land 46.6
Rural transportation 26.9
Small water area 10.1
Total 1,497.6

a 1982 NRI, preliminary data; excludes Alaska; includes Caribbean.
b Farmsteads and ranch headquarters; other land in farms; mines, quarries, and pits; small built-
up areas; and other rural lands.
SOURCE: 1982 NRI.
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about 94 percent (1.414 billion acres) was classified as rural land. Crop-land,
rangeland, and forestland are the dominant uses of rural land, each accounting
for roughly 30 percent of rural acreage.

TABLE 1-4 Estimated Average Annual Sheet, Rill, and Wind Erosion (tons/
acre·year)a

Land Use Sheet and Rill Erosion Wind Erosionb

Cropland (total) 4.4 3.0
Cropland (cultivated) 4.8 3.3
Pastureland 1.4 0.0
Rangeland 1.4 1.5
Forestland (grazed) 2.3 .1
Forestland (ungrazed) 0.7 0.0

a 1982 NRI, preliminary data.
b Estimates of absolute rates of wind erosion are subject to considerably greater uncertainty than
those for sheet and rill erosion (see Chapter 3).
SOURCE: 1982 NRI.

Table 1-4 illustrates the substantial differences in erosion rates reported for
each use. Cropland has the highest average rates of sheet, rill, and wind erosion.
Annual sheet and rill erosion rates on the 421 million acres of cropland average
4.4 tons/acre, almost twice as great as the next highest rate (2.3 tons/acre·year
for grazed forestland).

Wind erosion rates for cropland, although subject to much uncertainty,
appear to be much greater than the rates for rangeland (see Chapter 3). Erosion
rates are yet higher for the 323 million acres of cropland that is cultivated and
used for row and close-grown crops or for vegetables, fruit, and other crops.
Sheet and rill erosion rates average 4.8 tons/acre·year on cultivated cropland.

These averages obscure enormous variations in erosion rates within each
land use (see Chapter 5). But to indicate the subtlety of the erosion process, it is
helpful to note that it takes about 100 years, on average, to form 1 inch of soil.
The loss of 5 tons of soil from an acre in one year amounts to a layer of soil less
than 1/30th of an inch deep, slightly more than the thickness of a dime.

Soil Erosion in Relation To Soil Loss Tolerances

A traditional way to gauge the significance of various rates of erosion is by
comparison to the conventional SCS soil loss tolerances (T values)

SCOPE AND CONTENT OF THE 1982 NRI 8

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Soil Conservation: Assessing the National Resources Inventory, Volume 1
http://www.nap.edu/catalog/647.html

http://www.nap.edu/catalog/647.html


estimated for most soils in the United States. The T value is defined as the
maximum rate of annual soil loss (in tons/acre·year) that will permit crop
productivity to be sustained economically and indefinitely. For cropland soils, T
values have been estimated to range from 1 to 5 tons/ acre·year; 71.4 percent of
these soils have been assigned the maximum value of 5 tons/acre·year, and
another 11.5 percent have a T value of 4 tons/acre·year. For the generally
shallower rangeland soils, T values range from 1 to 3 tons/acre·year (see
Table 1-5).

TABLE 1-5 Distribution of Cropland Acreage by Soil Loss Tolerance

Cropland
T value (tons/acre·year) 1,000 Acres Percent
5 300,552 71.4
4 48,355 11.5
3 54,514 12.9
2 15,441 3.6
1 2,540 0.6
Total 421,402 100.0

Average T value (weighted by acreage): 4.55 tons/acre·year
SOURCE: McCormack and Heimlich, 1985.

Additional research is needed to increase the reliability and usefulness of
the overall concept of T values, as well as the values assigned to specific soils
(see Chapter 4). However, conventional T values do convey a sense of which
soils are relatively vulnerable to erosion, because values less than T = 5 were
assigned to reflect relatively shallow topsoil depth, less favorable geologic
material, the relative productivity of topsoil and subsoil, and the historical
amount of erosion.

T values were intended to be indicators of the amount of erosion that can
be sustained without causing on-farm productivity losses. Additional work is
under way to better define the relationship between erosion and potential
productivity losses (see Chapter 4). At the same time, recent research (Clark et
al., 1985), which includes use of the 1977 and 1982 NRIs, indicates that this
concept might be too narrow to represent the most serious consequences of
erosion that involve off-farm impairment of water quality in some regions. To
the extent that erosion contributes to offsite damages such as water pollution
from runoff, for example, soil loss tolerance values in the future might reflect
the on-farm and off-farm consequences of erosion.
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Soil on this 40 percent slope in the Palouse is eroding at a rate of 300 tons/
acre·year (Whitman County, Washington). Severe erosion occurs in early
spring when the soil is unprotected. Credit: U.S. Department of Agriculture,
Soil Conservation Service.
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Some soils are not subject to rates of erosion that impair productivity under
routine farming conditions; yet the off-farm effects from relatively low rates of
erosion on such soils might still be important in setting tolerances. In such
cases, the conventional definition of T values is of limited use, because it is
unlikely that erosion could reach levels that threaten on-farm productivity. In
other cases the T value needed to protect against off-farm effects might be very
high, even higher than the inherent potential for erosion of certain soils. In these
cases, the effects on on-farm productivity would be the binding constraint
underlying T values.

The rate of erosion from sheet and rill erosion (4.4 tons/acre·year) is
roughly equivalent to the average weighted T value of 4.55 tons/acre· year in
Table 1-5. Where wind erosion is additive, total average soil loss may exceed
these estimated tolerance levels. However, the interrelationship of wind and
water erosion is uncertain.

Seventy-five percent of U.S. cropland (315 million acres) was eroding
below the tolerance level in 1982 (see Table 1-6). In the Corn Belt about 60
percent of the acreage is estimated to be eroding below 5 tons/ acre·year; in
Iowa the value is 54 percent. Altogether, cropland eroding at a rate below the T
value accounted for over 506 million tons of soil displacement, about 27
percent of the total displacement on all cropland.

Another 13 percent (55 million acres) of the cropland had an erosion rate
ranging from the tolerance level to twice the tolerance level (T-2T), averaging 6
tons/acre·year. This land accounted for 330 million tons of erosion, 18 percent
of the cropland total. On an additional 51 million acres, cropland erosion
measured in the 1982 NRI exceeded assigned T values by a factor of two or
more. The average sheet and rill erosion rate on this acreage was 20 tons/
acre·year, a rate about four times greater than the national average.

Next to cropland, the most serious sheet and rill erosion problems on
nonfederal lands sampled in the NRI are the 353 million acres of range-land
(see Table 1-6). Tolerance values on rangeland soils are generally set at levels
that are I to 3 tons/acre·year lower than or equal to those for soils in other
regions, reflecting the belief among soil scientists that such lands are more
sensitive to the consequences of erosion. The erosion rate on about 13 percent
of rangeland was at least two times greater than the assigned soil loss tolerance.
Erosion problems are less serious on other land uses, primarily because the soil
is more protected by the vegetative canopy. Only 9 percent of pastureland (11.5
million acres) and 6 percent of forestland (25 million acres) had an erosion rate
greater than the assigned soil loss tolerance.
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Concentration of Erosion

One of the major findings of the 1977 NRI was the marked concentration
of all forms of erosion on relatively small portions of virtually all land uses.
Analyses of erosion data from the 1982 NRI indicate similar phenomena,
including variation in the concentration of erosion by land use. Concentration of
erosion is most pronounced on cropland, as shown in Table 1-6.

Table 1-7 shows the distribution of sheet and rill erosion grouped into
classes according to the rates of erosion. Data in Table 1-7 are confined to the
acreage planted to row and close-grown crops, the most important category in
terms of extent of acreage, volume of erosion, and intensity of use. Corn,
soybeans, cotton, and sorghum comprise the bulk of the row crop acreage.
Major close-grown crops include wheat, oats, and barley.

About 325 million acres of cropland were planted in row and close-grown
crops in 1982. About 136 million of those acres (42 percent) had a calculated
erosion rate of less than 2 tons/acre·year. A total of 107 million acres of land
used for row and close-grown crops, 33 percent of the total, eroded at rates
between 2 and 5 tons/acre·year. About 75 percent of the most intensively used
cropland in the United States (243 million acres) had sheet and rill erosion rates
below the average assigned tolerance level for all cropland. This 75 percent of
cropland contributed only 30 percent of the total soil eroded (see Table 1-7).

At the other extreme is a relatively small proportion of cropland acreage
with high erosion rates, where a disproportionate share of the total soil
displacement occurs. On about 7 percent of the land in row and close-grown
crops (23 million acres), the average rate of sheet and rill erosion is 15 tons/
acre·year or greater. Yet this 7 percent of the acreage accounts for 700,000 tons
of soil displacement, or 41 percent of the total tonnage of sheet and rill erosion
on cropland used for row and close-grown crops.

Erosion by wind, although estimated with more difficulty and considerably
less reliability than sheet and rill erosion (Gillette, 1986), appears to be
similarly concentrated (see Table 1-8). Following the pattern observed with
sheet and rill erosion, wind erosion is also highly concentrated on a limited
portion of cropland. Although the precise figures for gross erosion by wind are
in doubt, the relative magnitudes in Table 1-8 are illustrative. Perhaps 5 percent,
some 16.8 million acres, of land in row and close-grown crops has very high
average annual wind erosion rates (more than 14 tons/acre·year). Yet this 5
percent
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accounts for about half (555 million tons) of the total estimated tonnage of
soil displaced through wind erosion in an average year. While the reliability of
wind erosion estimates in the NRI can be questioned (see Chapter 3), it is likely
that improved estimation procedures and data will affirm the spatial distribution
and concentration of erosion of crop-land by wind.

In general the geographic locations of significant sheet, rill, and wind
erosion problems do not overlap in much of the United States. This results
primarily because very different climatic conditions and patterns are associated
with different forms of erosion. This may not be the case in some semiarid
regions with sparse vegetation and intense rainfalls. However, current
information is insufficient to define physical or geographic domains where wind
and water erosion processes interact significantly.

Soil Conservation Practices On Cropland

For the 1982 NRI, field personnel were instructed to note the number of
conservation practices in use (up to three) at each sample point. Four major
cropland erosion control practices—conservation tillage, terracing, contour
farming, and stripcropping—were recorded.

(Conservation tillage can be defined as any of a number of tillage systems
that reduce loss of soil or water, compared with clean tillage practices that bury
all or nearly all crop residues or cover crop. The terms reduced tillage,
minimum tillage, and others are often used interchangeably with conservation
tillage. No-till is the ultimate form of conservation tillage; the new crop is
seeded directly into existing crop residue, cover crop, or sod. Implements are
used to make small slits in the soil to place seed. The land is not usually
cultivated during crop production.)

Conservation tillage is the dominant conservation practice; it is applied to
49 percent of row crop acreage and 24 percent of total crop-land acreage. Other
traditional cropland conservation practices occupy a relatively small share of
the row crop acreage and the total cropland. Terracing and contour farming, for
instance, were reported on 14 and 17 percent, respectively, of row crop acreage
and on significantly smaller proportions of the total cropland. Stripcropping was
reported on less than 1 percent of cropland.

It should be noted that because more than one practice could be recorded
for each sample point, a certain amount of acreage has been
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counted twice. For example, most terraces are constructed along the contours of
a field, more or less dictating the use of contour farming within each terrace
interval. Thus, much of the acreage reported for terrace systems is also counted
for contour farming. Less than 64 million acres were protected either by
terraces or contour farming.

To reduce the threat of erosion and conserve moisture, this new wheat crop is
being planted in the residue of the previous wheat crop using a no-till drill
(Whitman County, Washington). With this method, erosion will not exceed 5
tons/acre·year. Credit: U.S. Department of Agriculture, Soil Conservation
Service.

The same double-counting is likely with other practices. Thus, the
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sum of acreages for two or more individual practices, and the total acreage for
all four, is often an overestimate of the total acreage treated. In 1982 at least one
of these four conservation practices was used on approximately 167 million
acres. Conservation practices are described in detail in Chapter 5.
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2

Improving Federal Resource Assessment
Efforts

Major surveys on natural resource use patterns and conservation needs
have been conducted by the USDA nearly every five years for several decades.
The NRI series has been expanded to include new data and refined to include
more precise definitions and sampling procedures. In addition to improving the
statistical validity of the sampling, a major recent methodological advance was
use of the Universal Soil Loss Equation (USLE) and Wind Erosion Equation
(WEE) to collect information about erosion conditions and conservation
practices on U.S. nonfederal lands in a consistent, reliable manner.

The 1982 NRI represents a significant improvement over earlier resource
inventories. Field procedures; sampling methods; and density, quality control,
data accuracy, presentation, and documentation were of a higher quality in 1982
than in 1977. The SCS has consistently upgraded its resource inventories over
the past 25 years.

To some extent, successive refinements in areas including inventory
design, procedures, and definitions have made direct comparisons among
inventories, and subsequently assessment of resource trends over time, difficult.
In general, however, the committee believes that the SCS has struck a favorable
balance between the often contradictory goals of providing consistent inventory
data over time and improving the procedures and reliability of successive
inventories.

There will always be a need for resource inventories. The U.S. Congress
has already expressed interest in a program of periodic resource inventory and
appraisal in the Soil and Water Resources Conservation

IMPROVING FEDERAL RESOURCE ASSESSMENT EFFORTS 19
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Act of 1977, which calls for another inventory in 1987. In this chapter the
committee identifies ways to improve future inventories.

The next generation of NRIs will be influenced by several developments.
As scientific understanding and public concern about resources and
environmental quality evolve, it is likely that the types of resource data
collected in successive inventories will change. For example, the committee
believes that information directly relevant to water pollution problems derived
from nonpoint sources will become an important goal of future resource
assessments.

The scale of these future inventories—the number of sample points and the
number of observations made at each point—will be conditioned by cost
considerations. In the past few years, USDA officials have expressed a desire to
lower the cost of the NRIs by reducing their scale and by conducting them
every 10 instead of every 5 years, supplemented perhaps with smaller special
surveys. Many experts believe that future advances in sensory technology can
replace at least some of the costly on-the-ground data collection characteristic
of past inventories. In addition, supplemental funds might be sought from states,
particularly if a state is interested and willing to support sampling at smaller
units, at the county level, for example.

Government agencies should begin to take these developments into
account now if resource inventories are to be even more reliable, useful,
affordable, and timely in the future. As the principal agency involved in the
planning and execution of NRIs, the SCS will have to upgrade the status,
financial support, and procedures of its inventory and monitoring functions. A
more formal degree of interagency coordination and planning will be needed at
the earliest stage of inventory development to ensure that the next generation of
resource inventories serves even broader purposes than the 1982 NRI. Federal
agencies involved in resource management will need to experiment with such
new survey techniques as remote sensing for the NRI and to refine established
procedures such as use of the USLE. Completed inventories will have to be
compiled and distributed in forms that reflect the most up-to-date concepts of
land classification and at the same time can be used interactively with other data
bases.

The committee stresses that all of these steps will require a sustained and
systematic effort over many years. A comprehensive review of federal resource
and environmental inventories is beyond the scope of this report. However, the
committee has identified the need to improve the overall planning and design of
future NRIs in four areas: (1) compilation and dissemination of data, (2) use of
remote sensing and related technologies, (3) coverage of federally owned land,
and (4) coverage of parameters related to water quality.
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COMPILATION AND DISSEMINATION OF NRI DATA

The committee sees a need to improve several aspects of NRI data
compilation and dissemination: the inventory and monitoring function of the
SCS, statistical documentation, presentation of published data, and distribution
of NRI computer tapes.

Upgrading Inventory and Monitoring Functions of the SCS

Given the massive scale of every phase of the 1982 NRI, the SCS has
performed in a timely and exemplary manner in completing the survey,
checking its quality, and releasing inventory results. The committee believes,
however, that certain delays in processing NRI data might have been avoided if
the inventory and monitoring functions within the agency—at its national
headquarters, in particular—had been given higher levels of support, permitting
larger staff or greater latitude in seeking assistance outside the agency.

Given the scale of the NRIs and the need to provide inventory results as
soon as possible to the field staff of the SCS and other users, SCS should
periodically increase the size and financial support level of its inventory and
monitoring staff within the national headquarters.

The committee believes that it would be especially useful to increase the
number of technical staff with training in statistics, computer science, computer-
aided mapping, and remote sensing to permit more timely completion of quality
control checks, inventory documentation, and analyses.

The committee recognizes that budgetary constraints and the desire to
increase field staff have led to a reduction in staff at the SCS national
headquarters in recent years. The committee believes, however, that inventory
and monitoring will become central functions of the agency in the future.
Therefore, an upgrading of the inventory and monitoring functions should begin
immediately to ensure that the many statistical and analytical tasks remaining
for the 1982 NRI are completed as soon as possible and to begin preparing for
subsequent inventories.

Statistical Documentation

The experiences of researchers working with NRI data have shown that
better basic documentation on the 1982 NRI is needed (Brown, 1983; U.S.
Congress, House, 1981). Documentation is needed for both the 1982 and 1977
NRIs. It is important that SCS take the lead in fostering enhanced sophistication
in the use of NRI survey data.

A diversity of resource issues can be addressed with NRI data. The
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full benefits to society of additional applications of NRI data will come about in
conjunction with the increasing range, complexity, and geographic specificity
of NRI-based analyses. Such applications, however, will stretch—and could
exceed—the statistical reliability of the underlying NRI data unless steps are
taken to inform NRI users about the appropriate statistical confidence limits that
should be ascribed to various aggregations of NRI sample points.

The committee believes that the agency's desire to provide the highest
quality NRI data might have led to excessive hesitancy in applying data to
further analyses that might involve questions of statistical reliability. Rather
than forego these types of analyses, the SCS should take steps to objectively
quantify the degree of statistical reliability associated with them. Often analysts
can gain insights by assessing the relative values and distribution of values of
certain NRI parameters in a given geographic area or by comparing regions,
even if the absolute value of the parameter for some primary sampling units
may be variable and of limited statistical reliability at a particular level of
aggregation.

Documented procedures for testing the statistical reliability of most NRI
data points and applications are readily available, primarily through calculation
of confidence intervals. However, the committee strongly urges SCS to place a
high priority on the development of appropriate statistical procedures and other
tools needed to carry out more sophisticated tests of significance and reliability.

Procedures addressing statistical reliability tests for the 1982 and 1977
NRIs should be developed and disseminated to users as a first order of priority
in conjunction with new applications of the survey data. Reliability issues that
arise from joint applications of the 1982 and 1977 NRIs in time series studies
also deserve special technical attention.

To address documentation needs in past NRIs and to provide an optimal
basis for structuring and reporting results of future NRIs, the committee
recommends the following:

Documentation of NRI computer tape formats and contents should be
accompanied by a detailed, technical statistical guide.

Such a statistical guide should accomplish the following:

•   Describe the sampling method and the way expansion factors are
calculated and used in extrapolating from the 3 percent NRI sample of
data points to nationwide coverage of nonfederal lands;

•   Include instructions for the calculation of confidence intervals for any
specific data element at various levels of aggregation;

•   Offer step-by-step recommendations showing how analysts can
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incorporate statistical reliability checks into specific applications of the
raw data.

Because NRI data will be applied to a diversity of research studies
requiring varying degrees of accuracy, instructions are needed to build specific
criteria for confidence intervals into modeling exercises. SCS should develop,
refine, apply, and explain such criteria in the course of compiling the special
publication of 1977 and 1982 NRI results described above.

SCS should designate an individual or office within the agency that can
offer assistance to outside users in resolving technical questions related to
statistical reliability of NRI applications. Assistance in responding to such
inquiries could also be provided by the Iowa State University Statistical
Laboratory at Ames and SCS National Technical Centers.

SCS should publish a special report that describes applications of the NRI
surveys and earlier inventories to time series analyses of conservation needs
and accomplishments and land resource use patterns. Such a report would
address the implications for time series studies of the changing definitions,
statistical design, and data elements in these surveys. Special attention should
be directed toward ways to use the 1982 NRI for retrospective studies of
conservation needs and accomplishments.

Presentation of Published Data

For many NRI users, tabular materials published in reports or other forms
by SCS are the only NRI data consulted, used, or needed. Traditionally,
published data pertaining to soil erosion have been organized using the Land
Capability Class System (LCCS). Using this system, Roman numerals I through
VIII indicate progressively greater limitations and narrower choices for
practical use of the land. For example, class I soils have few limitations that
restrict their use; class VIII soils have limitations that preclude their use for
commercial plants and restrict use to recreation, wildlife habitat, water supply,
or esthetic purposes. The additional letters w, s, c, and e are designated
subclasses that indicate, respectively, whether the problem is caused by
wetness; shallowness, drought, or stoniness; climate; or erodibility.

In focusing on erosion and its potential effects, tables that report erosion
rates by land capability class are of more limited value than classifications now
available from the NRI based on characteristics specifically related to potential
erodibility. Reporting in tables should reflect the appropriate focus and scale.
Thus, the LCCS, reflecting a number of influences, may be the appropriate
reporting form—for
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example, where data refer to the rate of adoption and effect of conservation
practices, especially practices routinely recommended specifically for soils
within certain land capability class and subclass units.

The SCS should publish tables of 1982 NRI data that report erosion rates,
quantities of eroded soil, effectiveness of erosion control practices, and other
measures of erosion control needs and accomplishments according to the
ranges of inherent erodibility of land or susceptibility to erosion-induced
productivity losses.

Conservation needs and the effectiveness of conservation practices can be
analyzed and understood most reliably through use of the USLE and its
individual factors. Based on runoff plot experiments, the USLE is used to
predict the longtime average soil losses in runoff from specific field areas in
specified cropping and management systems. (The WEE similarly was
developed as a method for estimating the potential for wind erosion in the field.)

Reports containing 1982 NRI results with tables based primarily on the
LCCS should be supplemented with additional tabular material. Supplemental
1982 NRI reports and subsequent surveys and analyses should include
tabulations reporting erosion rates and gross erosion— estimated by the USLE,
where appropriate, and an improved WEE—by ranges of erosion and by ranges
of the inherent potential for erosion measured by the RKLS product values from
the USLE (see Chapter 3 for discussion of RKLS). Providing 1982 NRI data in
tables using the LCCS and RKLS-based classification systems will facilitate an
orderly transition to the use of appropriate alternative land classification
schemes, a task the committee sees as essential and now technically feasible.

The SCS should encourage the transition within the conservation and land
use research community toward improved presentation of NRI survey results by
publishing a special statistical report that includes data from both the 1977 and
1982 NRIs.

The SCS report should include discussion of several issues that will be
raised in subsequent chapters of this report, including statistical reliability, the
effects of definitional and other changes on time series use of NRI data, and the
relationship between alternative land classification systems. The report should
also include the new tables described above, in which acreage is partitioned
according to ranges of inherent erodibility. The report should discuss and
contrast various land classification schemes, with emphasis on the most
appropriate and inappropriate applications of each. The analysis and experience
gained in producing this special report might provide further insights for
structuring and reporting results of future inventories.
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In developing the content of statistical reports on future NRIs, the agency
should seek opportunities to extend NRI data to users involved in water quality
research and planning and other aspects of land use analysis outside the basic
mission of the SCS.

Special aggregations of NRI data by watersheds or water resource regions
would be of interest to water quality researchers. To improve such aggregations,
additional water resource area geographic codes could be added to future NRIs.
In addition to these broad areas, the specific problems of salinity in land and
water have been called to the attention of the committee and warrant
consideration in future resource inventories.

Other agencies might agree to assist in supporting and executing future
NRIs if the USDA can demonstrate a willingness and capability to tailor
publications, data, raw data, tapes, and perhaps surveys to the study of some of
the analytical problems confronting other agencies.

Distribution of NRI Computer Tapes

Efforts by the SCS to disseminate data tapes of the 1982 NRI have been
exemplary. The potential value of these inventories to society depends on the
widespread use of their basic data in analyzing conservation problems and
evaluating alternative solutions. Wide dissemination of the NRI data tapes to
land grant universities, experiment stations, Agricultural Research Service
(ARS) research sites, and private institutions helps to ensure that the full
potential of the NRI is realized.

The committee believes that the positive experiences to date from outside
use of the NRI confirm that further steps are now warranted to make NRI data
tapes available to a wider range of users. Several relatively simple steps should
be taken to broadly extend the use and dissemination of NRI survey results and
coordinate the work of independent analysts using the NRI series.

In NRI data tapes, the SCS should include for each sample point the soil
series identification code needed to link the NRI data file to Soils-5, the
cooperative, computerized soil survey file.

Soils-5 is an important but limited source of additional data on the physical
and chemical properties of individual soil series. Linkage involving soil
properties, soil mapping units (where available), and NRI data points can be
helpful in carrying out many types of research tasks, including quantification of
the relationships among erosion, land use, and crop productivity.

If demand warrants, the USDA should consider making available for
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researchers a combined computer tape that includes the following for each
point in the 1977 and 1982 NRIs:

•   Identification codes for the primary sampling unit, including the soil
series code;

•   Pertinent data from the Soils-5 file for each point;
•   Individual data elements on land use, erosion, and conservation

practices in 1982 and 1977 for those points covered by the 1977 NRI;
•   Individual factors of the WEE.

The SCS should have the capability to provide, upon request, these data
tapes for any user in the United States and its common geographic divisions.
This capability would aid in making cost-effective responses to requests for
specific data in defined geographic regions.

By developing this capability and responding to requests, the USDA can
guarantee that NRI data are widely and properly used by analysts. In particular,
SCS could recommend against the release of data of questionable statistical
reliability—detailed land use data by county, for example—and ensure that data
users understand the definitions and statistical reliability of specific data.

The USDA should implement a means to provide researchers with
geographic coordinates for the location of NRI sample points to facilitate
linkages with remote sensing and computer-based geographic information
systems.

Progress in mapping, education, and analysis has been made by linking
NRI data in selected states to geographic information systems. Johannsen
(1986) has described the potential uses for the NRI in state and local decision
making in Missouri, for example. Concerns regarding the need to preserve the
confidentiality of landowners have been successfully resolved in situations
involving the NRI and other surveys. These experiences should be drawn upon
in developing strategies for sharing geographic coordinate information with
other researchers who pursue sound research objectives and agree to abide by
procedures designed to protect confidentiality.

SCS should continue to develop and implement strategies to improve the
accessibility and application of the NRI series. This task could be assigned to an
existing group or to a new working group composed of federal agencies
involved with resource management and environmental quality. Representatives
of state governments, the private sector, and academia should be involved.

USE OF SENSING TECHNOLOGIES IN FUTURE NRIS

Improvements in most existing natural resource data bases, including the
NRI, generally would entail additional costs. Current federal
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expenditures for data collection are low. New sensory technologies, including
remote sensing, in time might offset budget constraints for some resource
inventory applications by replacing costly on-the-ground surveys.

The four images were derived from a combination of aerial photography and
digitized soil survey maps of the Little Washita River watershed near
Oklahoma City, Oklahoma, to evaluate nonpoint pollution. The A values
represent the average annual soil loss per acre predicted by the Universal Soil
Loss Equation (A = RKLSCP). In these images the values for L (slope length)
and S (slope steepness) vary. T is the soil loss tolerance value, and A - T shows
the soil loss beyond tolerance. (The white line on the T-value map indicates the
river channel; little erosion is occurring in the floodplain.) White indicates a
value of zero; values increase from light to dark shades of grey, the darkest
indicating most severe erosion. Resolution is 30 meters. Credit: R. E. Pelletier,
National Aeronautics and Space Administration.

The committee is aware that promotion of remote sensing has exceeded the
capacity of the new technology to define those features on the ground at the
level of specificity defined by particular users. Never
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Images derived by using remotely sensed data for the cover and management
factor (C) with additional digitized maps show alternative erosion
classifications based on (A), the physical (RKLS) components of the equation
only, or (B), the conventional equation | (RKLSCP) classification. Credit: R. E.
Pelletier, National Aeronautics and Space Administration.
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the less, improvements in technologies for both sensing and data handling
continue to hold promise and demand coordination in development, evaluation,
and use. The committee's comments are directed toward this promise and to the
necessity of taking a national view of resource inventories.

No single federal agency will be able to take full advantage of the new
developments anticipated from subsequent generations of civilian remote
sensing technology. Ideally, however, coordination among the many resource
inventory activities of the federal government covering the country as a whole
could be enhanced to take advantage of remote sensing, computer-assisted
mapping, and related survey methods without a major overlap in effort.

Integration of data collection among the federal agencies is difficult.
Different information needs and survey procedures and a reluctance to share
data collection functions are common barriers to coordination. Yet, because
sensing technologies have a variety of applications and hold promise for
upgrading current resource assessment activities at a reasonable cost, the
committee believes that federal coordination is essential. Because of the
potential for public benefit, it might be appropriate for defense agencies to
reevaluate policies that in the past have precluded civilian applications of
sensing technologies and other capabilities developed for military uses.

The NRI, because of its scope and cost, is an ideal way to pursue methods
of replacing or supplementing on-the-ground procedures with sensing
technologies. The SCS has made some use of remote sensing and has
investigated ways of integrating it into the NRIs. However, the agency could
benefit by a more concerted and fully funded effort.

Innovative steps have already been taken to combine remote sensing,
various forms of aerial photography, and NRI data. These combined techniques
are likely to be of particular value at the state and local levels and will enhance
progress in mapping, conservation program administration, and other analytic
activities. Sensing technologies can also expand the coverage and usefulness of
NRI data to include water quality and groundwater use assessments.

The committee believes that a fundamental transition in the basic method
of collecting much of the NRI-type data may occur within decades. Future
inventories will be based on remotely sensed data and coded to computer-based
cartographic systems that will be equipped with highly refined analytic
capabilities. The resource data system of the future, like contemporary NRIs,
will be dependent on periodic field surveys to provide ground verifications.
Field surveys will be pivotal in
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verifying and refining the analytic tools used in translating remotely sensed
images and high-altitude aerial photographs into geographic information
systems and models.

Ad hoc committees and special groups have been convened within and
among agencies at times to review topics specific to special areas, digital
cartography or agency-specific remote sensing research needs, for example. A
formal group that provides a continuing assessment of technologies and
applications would benefit the design and management of future resource data
systems.

The committee recommends that a federal interagency working group,
coordinated by the Office of Science and Technology Policy or another
appropriate agency, be formed to formally evaluate potential applications of
existing and future sensing technologies to natural resource inventories. The
working group should proactively determine types of new sensing technologies
that could be developed to support USDA in carrying out resource management
responsibilities. The working group should possess the scientific capability to
assess and exploit technological advances occurring in remote sensing,
computer-assisted mapping, and other survey and analytic methods. The
committee recommends that the appropriate agencies of the USDA, the
Department of the Interior, the Environmental Protection Agency, and the
National Oceanic and Atmospheric Administration be represented in this
working group. In addition, appropriate agencies of the Department of Defense
should be represented on an ad hoc basis to provide information about sensing
technologies that could be useful for future resource assessments.

EXPANSION OF NRI COVERAGE TO FEDERAL LANDS

The U.S. government owns large tracts of land, particularly in the western
United States. A majority of the acreage of some states is federally owned.

Traditionally, SCS inventories have not included federally owned lands.
However, surveys are needed of resource conditions and trends on federal
lands, substantial portions of which are in grazing and forestry uses (Sampson,
1986; Renard, 1986). The absence of data on erosion, range conditions, and
conservation needs for large portions of certain states, particularly in the West,
compromises the NRI as a source of information for public and private
management of land resources.

A committee representing the Forest Service, the Bureau of Land
Management within the Department of the Interior, the U.S. Geological Survey,
the Department of Defense, the Department of Energy, and other relevant federal
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agencies should be formed to evaluate the quality of current information about
resource conditions and trends on federally owned land.

The primary purpose of this evaluation would be to determine if a
supplemental inventory effort is warranted. The evaluation would identify the
resources and parameters that should be considered in the design of a new
inventory and the methods and institutional responsibilities that will be
required. The committee strongly recommends inclusion of information on
rangeland conditions and soil erosion estimates in any inventory of federally
owned lands. This proposed committee should be coordinated with the
interagency working group that assesses applications of sensing technology to
NRI survey needs.

The supplemental inventory should be designed and conducted to be
consistent with the 1982 NRI. Parameters collected on federal lands will include
some of those collected for all sample points on private lands. Some data,
however, will not be appropriate for the majority of federal lands, for example,
cropping history and conservation practices. Other data not collected from
private lands might be needed to characterize the uses and conservation needs
of federal lands, such as whether lands managed for multiple uses are subject to
state or federal conservation programs or initiatives. The appropriate level of
detail and density of geographic sampling are yet to be determined. The detail
achieved in the 1982 NRI, upon analysis, might not be necessary.

Efficient natural resource data collection, compilation, and dissemination
at the federal level will require the cooperation and collaboration of many
agencies that are now responsible for specific surveys and data bases. To the
user seeking comprehensive data, shortcomings related to coverage in USDA's
NRI series are analogous to those in other natural resource data bases.

INCLUSION OF DATA RELATED TO WATER QUALITY

The effects of agricultural production practices and other human activities
on water quality are viewed as major environmental problems in many parts of
the country. The committee believes that agriculture's potential contribution to
improved groundwater and surface water quality will be an important
consideration in future research, farm policies, and regulatory and educational
programs. The increasing emphasis on water quality reflects two reinforcing
trends.

First, substantial progress has been made in identifying major point
sources of water pollution and initiating control. Agricultural operations in
many regions are now recognized as the most important non-point sources of
water pollutants. Second, the potential hazards of
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agricultural pollutants to health and ecological systems have changed
dramatically in the last 20 years with increasing rates of application of
fertilizers and changes in the toxic properties and use patterns of crop protection
chemicals. Runoff from cultivated cropland into surface waters often transports
pesticides and fertilizers, in addition to sediments. Water percolating from
surface soil into aquifers can carry pollutants into underground water supplies.

Currently, detailed monitoring data are limited for agricultural pollutants in
surface water and groundwater. Data are particularly sparse for pesticides.
Whether extremely low levels of contamination are of toxicological
significance, steps to minimize the flow of agricultural pollutants into water are
viewed as imperative and prudent.

Devising long-term solutions for reducing the volume and hazards of these
water pollutants will require better information on the pollutant loadings and
hydrology of agricultural watersheds. Such information is not collected as part
of the NRI, although a number of U. S. Geological Survey water quality
network stations gather some information of this type.

Insights can be gained from research on the effects of agricultural
management practices on water quality. The Iowa Geological Survey (1984),
for example, has combined sophisticated hydrologic monitoring studies with
assessments of on-farm cropping, conservation, and agronomic management
practices in several parts of the state. These studies have documented many
complex interactions between conservation and other management practices.
For example, some conservation practices that help control soil erosion may
increase the potential hazard for surface water contamination by fertilizers and
pesticides.

Contamination of groundwater by fertilizers or herbicides has been
documented in areas of more permeable soils and rock formations (Iowa
Geological Survey, 1984). Runoff of water carrying sediment, nutrients,
herbicides, and other materials from agricultural land has a major influence on
the quality of surface water in many regions of the country (Baker, 1984;
Gianessi and Peskin, 1981). In the future, conservation systems on the farm
may be tailored to the dual goals of controlling erosion and mitigating the
potential impact of dissolved constituents and sediments on the quality of
surface water and groundwater.

To achieve these objectives, continuing study is needed to develop or to
improve, test, and evaluate models of water quality. This process itself helps to
identify the types of field data that may be useful for monitoring those activities
that influence water quality. In turn, data
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from the NRI can contribute to model development and evaluation and,
subsequently, monitoring.

After giving consideration to the costs of data collection, other information
sources, and the competing uses of natural resource inventory funds, the
following kinds of data should be evaluated for potential inclusion in future
inventories:

•   Additional data needed to estimate sediment loads to streams from
estimates of erosion; the parameters needed to calculate the ratio of
soil leaving a farm field and entering waterways for sheet, rill, and
ephemeral gully erosion; and the distribution of sediment offsite,
particularly related to lakes and reservoirs;

•   Types, sources, and magnitudes of nonpoint pollution from such
nonagricultural sources as uncovered landfills, construction sites, and
surface mining operations;

•   Deposition of wind-borne soil particles into surface water;
•   Farming activities that may be related to specific groundwater

pollutants.

There are practical and financial limits to the amount of data that might
profitably be included in future NRIs. Yet the NRI already includes
observations relevant to water quality, and in many cases no practical and
accurate survey technique exists for broad-scale inventories such as the NRI. In
view of the importance of water quality problems nationwide, the committee
believes that it is useful to evaluate further ways in which the NRI can be
effectively related to the federal network of water quality data collection, and
vice versa. Future NRIs can play an important role in a broader, better
coordinated federal data collection effort to measure and analyze water quality
trends. Other agencies may agree to assist in supporting future NRIs if the
USDA can demonstrate a willingness and capability to include new data.

It would be logical to incorporate into future NRIs new survey methods for
assessing nonpoint water pollution problems and their causes. The committee
believes that the collection of data to assist in reliably assessing the impact of
agricultural practices on water quality should be the next extension of the NRI
data series.
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3

The Measures of Soil Erosion

It is possible today to locate the most highly erodible croplands in most
regions of the country. Likewise, land not subject to serious erosion under any
management system also can be readily identified. The effect of alternative
conservation practices on erosion losses can be accurately estimated for a
diversity of field conditions. Although the effects of the concentrated flow of
water on erosion and sediment yield are not well established, many of the basic
physical factors contributing to erosion and accounting for erosion control are
well known. These analytical capabilities—made possible by the development
of physically based erosion equations—have revolutionized conservation
planning and program administration.

The Universal Soil Loss Equation (USLE) is used to estimate the long-
term average amount of soil displaced by the forces of rainfall and water runoff
along a specified slope. Similarly, an equation has been developed that
represents soil loss caused by wind; however, the Wind Erosion Equation
(WEE) is far less accurate than the USLE. Currently, there is no widely
accepted, practical method for estimating another form of erosion known as
ephemeral gully erosion. The topography of most fields causes runoff to collect
and concentrate in a few major natural waterways or swales before leaving the
fields (Foster, 1982; Thorne, 1984). These features are often ephemeral, and the
erosion that occurs in them can be called ephemeral gully, concentrated flow, or
megarill erosion. Ephemeral gully areas within fields are plowed in and tilled
across annually, in contrast to the permanency of classical gullies
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(Foster, 1986). (Ephemeral gully erosion is discussed in detail in the final
section of this chapter.)

NRI ESTIMATES OF SHEET AND RILL EROSION: THE USLE

Developed in the late 1950s, the USLE is designed to predict long-term
average soil losses through sheet and rill erosion from specific land areas under
specified cropping and management systems. In a sense, soil loss is a
misnomer; movement or displacement are better terms. Eroding soil is never lost
in the sense of disappearing. Often it is merely moved from one part of a field
to another, to be deposited in low-lying parts of the landscape. In other cases,
soil is moved from the land surface and transported in streams and rivers. (Soil
eroding off and down a sloping field, however, is ''lost'' from its point of origin.)

USLE estimates, commonly expressed in terms of tons/acre·year, do not
accurately represent the amount of soil that leaves a field, enters a body of
water, or otherwise contributes to offsite erosion damage.

Heavy sheet and rill erosion on sloping cropland, probably exceeding 30 tons/
acre·year (Pottawattamie County, Iowa). Severe sheet and rill erosion is
limited to a relatively small proportion of cropland in the United States. For
example, approximately 7 percent of the land in row and close-grown crops
accounts for 41 percent of the total tonnage of sheet and rill erosion on land in
that use. Credit: U.S. Department of Agriculture, Soil Conservation Service.
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(Models designed for this purpose are in use, as noted in Chapter 2.) Nor do
erosion rates estimated by the USLE necessarily correspond directly to the
severity of onsite damages to land productivity, since such factors as soil depth
and subsoil quality are also important determinants of a soil's vulnerability to
erosion.

Rather, the USLE estimates the long-term average amount of soil
displaced by the forces of rainfall and water runoff along a specified slope. The
segment represented may be on or off the field, at the bottom of a hill, in a
terrace channel, or in a natural depression along a slope.

The form of the equation is:

where A is the computed soil loss per unit area over a specified time; it is
usually expressed as tons/acre·year. The factors R, K, and S reflect
characteristics of climate and land that generally cannot be modified by human
activity designed to influence erosion rates: amount and intensity of rainfall (R),
soil erodibility (K), and steepness of field slope (S). The factor reflecting length
of slope (L) can be reduced by installing terraces, which effectively break the
naturally occurring slope length into smaller segments. (The effective slope
length can also be shortened by stripcropping and grassed waterways, but this is
reflected in the P factor.) As noted in Chapter 1, however, terraces are in use on
limited acreage nationwide. The remaining two factors reflect the effects of
human activities on erosion rates: soil cover and management practices (C) and
supporting conservation practices (P).

R is a numerical indicator of the erosive forces of rainfall and runoff,
developed from rainfall data averaged over several decades. The R factor is the
single most influential factor in the equation. Its value varies from 550 along
parts of the high rainfall Gulf Coast to 20 in the arid West. The values for R are
generally less reliable for western regions in any given year. This occurs
because data from the West were insufficient to develop the equation, and
rainfall there is intermittent and often torrential, causing average annual sheet
and rill erosion estimates to vary greatly in those areas. For these and other
reasons, concern has been expressed that the equation is not suited to evaluate
potential erosion from rangelands (Society for Range Management, 1985). The
committee has not dealt specifically with rangeland in this report.

Other sources of runoff are also important in parts of the West. For the
1982 NRI, modifications of the R-factor values were made for sample points on
frozen soils in the Pacific Northwest.

K reflects the inherent susceptibility of a soil to erode, if it is barren of
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crop cover or residue and exposed to rainfall and runoff. The values for K
(ranging from 0.7 for highly erodible soils to 0.2 for soils resistant to erosion)
are a function of texture (the percentages of sand, silt, and clay-sized particles),
organic matter content, physical structure, and permeability to water.

L and S factors represent the effects of slope length and steepness,
respectively. The erosive force of water runoff increases as slope steepness and
length increase; the values of these factors increase accordingly. In field
applications, including the 1982 NRI, these factors are combined into a single
LS factor according to procedures in SCS technical guides or Agriculture
Handbook No. 537 (Wischmeier and Smith, 1978).

Determination of a value for LS in the field can be an imprecise exercise.
If a prevailing slope can be identified, the surveyor can usually estimate slope
steepness fairly accurately with a clinometer, an instrument designed to
measure angles of elevation or inclination. Slope length is a parameter that is
difficult to evaluate. Once the vector is selected, however, slope length can be
determined by measuring with a tape or by pacing. If slopes vary greatly in a
field, it is difficult to determine which is the prevailing slope. An average slope
steepness is often assigned to a field after clinometer readings have been made
for several slopes. Similar judgments must be made to estimate slope length.

The product of the four factors, RKLS, yields an estimate of the average
annual sheet and rill erosion (in tons) expected if an area of land were tilled
continuously up and down any prevailing slope and kept barren of vegetation.
These conditions correspond to a C value of 1 and a P value of 1. The value for
the RKLS product thus represents a soil's inherent potential for sheet and rill
erosion. Any erosion control practices reduce soil loss on a particular field by
lowering either or both of the C or P values below 1.

C is the vegetative cover and management factor. Values for the C factor
are multiplied by the product RKLS to represent the reduction from inherent
erodibility brought about by cropping sequences, tillage practices, and plant
residues on the soil surface. For example, a C-factor value of 0.30—the average
value for cropland in the 1982 NRI—means that vegetative cover and
management reduced sheet and rill erosion on cropland to 30 percent of its
inherent potential rate, estimated by the product RKLS. C-factor values
represent the ratio of soil loss from land cropped under specified conditions to
the corresponding loss from clean-tilled, continuous fallow. Values for the C
factor range from as low as 0.003 for a dense vegetative cover such as
permanent, high
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quality pasture to 0.7 for crops that produce very small amounts of residue—
cotton, for example—and fields that are extensively tilled (see the boxed article
Key Role of C Factors in Controlling Erosion).

The factor P reflects the erosion control effects of such supporting
conservation practices as contouring, stripcropping, and terracing. These
practices break up the lengths of downslope segments traveled by runoff water
into shorter segments, thus limiting the volume and velocity of moving water.
As a result, less soil is displaced and transported. The P factor is the ratio of soil
loss with a specific support practice or practices to the corresponding loss with
up and down slope cultivation. Values for the P factor are multiplied in the
equation in the same manner as C values. A value of 0.91—the average value
for P on cropland in the 1982 NRI—means that the estimated sheet and rill
erosion would be reduced 9 percent below the rate that would occur without the
supporting practice.

NRI Findings On Average Usle-Factor Values

National average 1982 NRI values for the RKLS product (inherent
potential for sheet and rill erosion) and for C and P factors on major cropland
uses are shown in Table 3-1. In each case, individual values for each factor
were extracted from the NRI sample point files in respective cropland uses. The
acreage associated with each factor was determined by applying the relevant
NRI acreage expansion factor to each sample point.

In Table 3-1, the column labeled RKLS indicates the sheet and rill erosion
rates that would be expected if land in each use were continually tilled up and
down the slope and left barren of vegetation, a worst-case scenario. On all
cropland, average soil displacement under these conditions would be 21.8 tons/
acre·year. Cropland used for close-grown crops such as wheat would erode at
the lower rate of 15.4 tons/ acre·year. This rate reflects the fact that a substantial
portion of the close-grown crop acreage is in the Great Plains, where rainfall
and R-factor values tend to be lower. Cropland used for hay generally has a
high inherent potential for sheet and rill erosion (35.2 tons/acre·year). Use of
that land in hay crops, however, alleviates most of the problem, because of the
dense soil cover maintained throughout the year, characterized by the low C-
factor values associated with sod-based crops. The USLE was developed for a
single crop per year; therefore, its application to double-cropping is limited. The
distribution of acreage by the RKLS product presents a pattern similar to the
distribution of acreage according to sheet and rill erosion rates. The practical
significance of
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this distribution of potential erosion problems and related policy
implications are discussed in Chapter 5.

Across the various land uses, including cropland, pastureland, and
forestland, the highest average value for the C factor, 0.28 (see Table 3-1), is for
land used for row crops. This value reflects the fact that row-crop farming
usually involves an annual disturbance of the soil surface in the course of
preparing a seed bed. Disturbed land is often exposed for at least a few months
to the erosive effects of rainfall. The C-factor value of 0.04 reported for hayland
is about one-eighth the average value reported for row crops. The difference
explains why average sheet and rill erosion rates on hayland are much lower
than on land used for row crops, even though land planted to hay is estimated to
be about 40 percent more erodible on average than cultivated cropland.

Average values for the P factor tend to vary only slightly among cropland
uses. Average P-factor values are concentrated at the high end of the theoretical
range of values for this factor, averaging 0.91 for all cropland. This distribution
of P values indicates that a fairly small percentage of cropland acreage has been
treated with supporting conservation practices such as contour farming and
stripcropping.

Table 3-1 provides an indication of the impact on potential erosion rates of
cropping, management, and conservation practices represented by the C and P
factors. The column labeled reduction factor is a ratio of the inherent potential
erosion (RKLS product value) and the USLE estimate (RKLS × CP) for each
major cropland use. For all crop-land, the inherent potential for sheet and rill
erosion was 21.8 tons/ acre·year, but the effect of the C-and P-factor values was
to reduce the estimated USLE rate to 4.3 tons/acre·year. The resulting reduction-
factor values in Table 3-1 show that potential erosion rates were reduced most
significantly on cropland used for hay (from 35.2 to 0.6 tons/acre·year, a 58.7
reduction factor and a 98 percent decrease in erosion), followed by other land
(used mostly for vegetables, orchards, and other crops) and by land used for
close-grown crops. Potential erosion was reduced considerably on land used for
row crops—by a factor of 3.7 (or a 73 percent reduction)—from an average
annual rate of 22.3 to 6.1 tons/acre. The reduction of potential erosion on row-
cropped land was less than that for other cropland uses.

The USLE is routinely used by USDA conservation agencies for on-farm
planning, program evaluation, and analysis. The committee believes, however,
that USDA state-and national-level program management and analytic activities
could be strengthened by similarly encouraging routine use of the concept of
inherent potential for sheet and rill erosion.
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Recently, the SCS has begun to use the concept of inherent erosion
potential, as estimated by the RKLS product, in evaluating alternative land
classification systems (see Chapter 5). The committee believes that this is a
positive step. Promotion of proper use of this concept would advance
understanding about erosion problems among soil scientists, conservationists,
analysts, and farmers.

The USDA should prepare and encourage adherence to a special
publication that presents common concepts, terminology, and definitions of key
land use and conservation measures and indicators. Such a publication would
thoroughly explain the uses of the concept of inherent erosion potential for
sheet and rill erosion. Similar guidelines could be issued for wind erosion, when
appropriate. The publication could be used by relevant agencies, university
researchers, extension service personnel, and other analysts.

The SCS is the appropriate lead agency to draft these guidelines—with the
assistance of soil scientists and engineers working for the Agricultural Research
Service (ARS), state experiment stations, and other scientific centers. The
publication should be distributed to relevant personnel in the ARS, the
Economic Research Service, the Forest Service, the Agricultural Stabilization
and Conservation Service, and other federal and state agencies.

KEY ROLE OF C FACTORS IN CONTROLLING EROSION

Because values for the C factor are contained in the NRI data files for
most sample points, the inventory is useful for analyzing the geographic
distribution of cropping and management practices and their potential
effectiveness in controlling sheet and rill erosion. Analysis of NRI data
may also help define further research that is needed on the C factor and
help refine factor values.

Recorded NRI values for the C factor reflect probable sheet and rill
erosion conditions nationwide and within such smaller geographic regions
as Major Land Resource Areas (MLRAs). Ideally, as the potential for
erosion (indicated by the RKLS product) increases on cropland, C values
should decline, indicating a greater effort at erosion control through
cropping and management practices. However, Figure 3-1 demonstrates
that average nationwide C values for land with low erosion potential do
not differ markedly from values for land with high erosion potential. It also
shows the relationship between C-and P
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Figure 3-1
Plots of the 1982 NRI weighted average erosion rate (tons/ acre·year), C and
P factor versus the potential for erosion (tons/acre·year) as expressed by the
RKLS product of the USLE. Data were summarized nationally from the 1982
N RI. Each data point is plotted at the midpoint of a range or class of RKLS
values. Source: Pierce et al., 1986.

factor values and erosion rates as a function of progressively rising
inherent erosion potential.

The relationship between C-factor values and inherent erodibility
differs across the country (see Figure 3-2). In MLRA 105 (the northern
Mississippi Valley Ioess hills of Wisconsin, Iowa, Minnesota, and Illinois),
for example, the average C-factor value is lower than that for the nation as
a whole. C-factor values decrease significantly as the potential for erosion
increases. The fact that C values change little with inherent erosion
potential in MLRAs 103 (the central till prairies of Minnesota and Iowa),
134 (the southern Mississippi Valley silty uplands of Mississippi,
Tennessee, and Kentucky), and 136 (the southern Piedmont of Virginia,
North Carolina, South Carolina, Georgia, and Alabama), however,
indicates that conservation management techniques are not widely used
on erosion-prone soils, nor are they concentrated on the most erodible
soils.
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Similar analyses can be performed for virtually any grouping of
cropland. In Figure 3-3 the national average values for the C factor are
arrayed by potential erosion rate for class land subclasses lie, IIIe, and
IVe of the USDA Land Capability Class System (LCCS). (The letter e
following the class denotes a subclass of land that has suffered erosion
damage in the past or is vulnerable to it.) Under this system, the very best
land is designated class I. It has few natural limitations for intensive
cultivated crop uses. Successive classes have progressively greater
limitations for intensive crop production. Classes IV and above are
deemed unsuitable for intensive cropping.

For the nation's class I land, C-factor values generally decline as the
erosion potential increases. However, on subclasses IIe, IIIe, and IVe,
which comprise the majority of erodible U.S. cropland, the C-factor values
remain fairly constant as erosion potential increases. This find

Figure 3-2
Plots of the 1982 NRI weighted average erosion rate (tons/ acre·year), C and
P factor versus the potential for erosion (tons/acre·year) as expressed by the
RKLS product of the USLE for MLRAs 103 (central Iowa and Minnesota till
prairies), 105 (northern Mississippi Valley Ioess hills), 134 (southern
Mississippi Valley silty uplands), and 136 (southern Piedmont). Source:
Pierce et al., 1986.
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Figure 3-3
Plots of the weighted average C factor versus potential for erosion (tons/
acre·year) as expressed by the RKLS factor of the USLE for land capability
subclasses I, IIe, IIIe, and IVe. Data were summarized nationally from the
1982 NRI. Source: Pierce et al., 1986.

ing suggests that management and cropping practices beneficial in
reducing soil erosion have not been concentrated on those lands that are
in greatest need of erosion control.

Uncertainties Associated with C-Factor Values

A sizable scientific literature exists on the USLE and on the characteristics
and proper values of each of its individual factors. As noted later in this chapter,
further research is needed on concentrated flow and on the relationship between
erosion and the transport of sediment from farm fields to watercourses.

The equation is continually being refined to reflect specific climatic, soil,
or vegetative conditions and improvements in the understanding of the
dynamics of water erosion processes. Such work will continue to
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be necessary, because land use and tillage practices will change over time.
To evaluate the validity and usefulness of the USLE estimates included in

the 1982 NRI, the committee thought it advisable to examine some of the
conceptual and empirical issues associated with contemporary C-factor values.
Values assigned to C factors are critical determinants of sheet and rill erosion
estimates in the USLE. Those values thus have important scientific and policy
implications. Although a considerable amount of research has been directed
toward refining C-factor values and testing C factors in field experiments, the
committee believes that they can be improved through further revision and
refinement. The research community, including scientists within the ARS and
state agricultural experiment stations, must take a leadership role in carrying out
this work.

Theoretically, the range of possible variation in C-factor values, from
0.001 for undisturbed forestland to 1.0 for clean-tilled, fallow land, makes it the
most important variable controlled by human activity in determining estimated
sheet and rill erosion rates. In application, however, the full range of C-factor
values is primarily most useful when erosion rates are compared among land uses
—for example, when land is converted from row crops (average C value of
0.28) to permanent pasture (C value of 0.01 or lower). Within a given land use,
C-factor values for most cropland are within a narrower range. For cropland
used for row crops, for example, nearly 57 percent of the acreage has C-factor
values between 0.25 and 0.45 (Rosenberry and English, 1986). The C-factor
values for a particular subcategory of land use—cropland used to grow corn, for
example—would tend to be even more tightly clustered around the mean value.

Despite the narrower range for C-factor values for a given crop or land use,
it is important to emphasize that of all the factors in the USLE, the C factor is
the one most subject to change as a result of changes in farming practices.
Continuous corn production with conventional tillage might yield a C-factor
value of 0.37, for example; theoretically, corn produced on comparable land in
the same area under no-till planting in sod would be assigned a C value 37
times lower (C = 0.01). If sheet and rill erosion were 50 tons/acre·year under the
conventional system, it would be reduced to less than 2 tons/acre·year through
use of the no-till method.

Mulch-Factor Value The C-factor values encountered in the NRI data
bases are subject to several types of errors. One source of bias arises from the
relationship between the percentage of residue cover on the
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soil surface and its corresponding mulch, or residue, value. The mulch-factor
value accounts for the erosion reduction produced by crop residues buried just
below the surface. As contained in the USLE, the relationship tends to skew
estimated rates of erosion upward by overestimating C-factor values under
some conditions. The mulch value is used to adjust C-factor values in the
equation to reflect differences in tillage systems.

Corn growing in soybean residue in a no-till system, Jackson County, Iowa.
No-till C-factor values are greatly reduced compared with those for continuous
corn production with conventional tillage. Credit: U.S. Department of
Agriculture, Soil Conservation Service.

Recent research (Pierce et al., 1986) indicates that, for a given percentage
of residue cover on the soil surface, the mulch factor can be quite variable
(ranging from 0.5 to 0.01), depending on the roughness of a soil surface and the
type of residue and extent of its incorporation into the soil. Others have shown
less variation. The more extreme findings indicate that values for the mulch
factor might be three to four times too
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high in the USLE used in the NRIs. It implies that the values of the C factor—
and, hence, estimated erosion rates—for cropland reported in the NRI are also
too high. The bias is most pronounced when the percentage of surface cover is
relatively low (from about 15 to 30 percent). Thus, where fairly high C-factor
values are encountered in the NRIs, sheet and rill erosion rates might be
overstated.

Field Application of the USLE Other sources of error in the values for the
C factor arise as a result of the application of the equation in the field. Ascribing
the correct value for C for a particular location is largely subjective. A standard
method is to measure the amount of ground cover along a transect. However, a
recent study of variability in residue cover revealed considerable variation
among transects for the same field—and among observers along the same
transect (Richards et al., 1984). A study of the application of the L, S, and K
factors would probably reveal similar variations on fields that are difficult to
characterize because of variable soils and topography.

In the 1982 NRI, as in most field applications of the USLE, SCS personnel
generally did not attempt to measure the amount of ground cover. Rather, they
determined the type of tillage practice used at a specific sample point and then
recorded the appropriate C-factor values from standard generalized tables. Field
studies have shown, however, that these tables may be misleading. The use of
specific tillage implements or practices can result in a wide range of crop
residue levels on the soil surface. A review (Colvin et al., 1981) of three tillage
studies found that spring tillage with a disk harrow resulted in crop residue
cover ranging from 42 to 73 percent of the soil surface. Such widely ranging
crop residue levels have very different implications for soil erosion conditions
and raise questions about the actual erosion control afforded by specific
practices.

Conservation tillage is a case in point (see Chapter 1 for definitions of
tillage systems). Estimates of acreage treated with conservation tillage in the
1982 NRI (and with minimum tillage in the 1977 NRI) are based primarily on
assignment of C-factor values for that practice taken from standard tables. Had
actual residue levels been measured for most sample points, very different C-
factor values and resultant erosion rates might have been recorded.

A 1980 survey by Peter Nowak (University of Wisconsin, Madison,
personal communication) indicates that erosion control benefits might be
overstated when field interpretations of this kind are used (see Pierce et al.,
1986). Nowak interviewed 200 farmers from three Iowa watersheds; 78 percent
professed to use conservation tillage systems.
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Upon checking residue levels on their farms, however, Nowak found that
only 7 percent of the corn acreage and 26 percent of the soybean acreage met
SCS technical residue specifications for conservation tillage. If in fact what is
reported as conservation tillage is not achieving expected levels of erosion
control implied by the term, such tillage might be providing considerably less
erosion control on less acreage across the United States than is suggested by the
rapid increase in the use of conservation tillage equipment (chisel plows, for
example, and implements other than moldboard plows).

Errors of Omission Finally, C-factor values are subject to what might be
called errors of omission. In some parts of the United States, existing C-factor
values do not adequately represent vegetation-erosion relationships. In certain
rangeland areas, for example, a pavement effect or flat rock fragments on
exposed soils actually protect those soils from the erosive forces of raindrops
and runoff, though nearby soils can be eroded as runoff concentrates along
natural channels and drainage-ways. Some researchers believe that this
phenomenon should be reflected in K rather than C factors. Others propose that
a subfactor should be applied to the USLE in rangeland watersheds prone to soil
pavement and concentrated flow effects. The subfactor approach also has been
proposed to improve the USLE procedure and C-factor values for forest
conditions in the southeastern United States.

Many uses can be made of this information for scientific and policy
analysis and program design, administration, and evaluation. Rates and total
tons of soil displaced through sheet and rill erosion can be tabulated for any
land use, crop, or land capability class and can be aggregated for the entire
country, states, or MLRAs. Acreage in a given land use can be tabulated
according to its erosion rate or its erosion rate in relation to its T value. Erosion
rates under alternative cropping and conservation conditions can be simulated
for any land use (see the boxed article
Erosion Under Alternative Cropping, Management, and Conservation Practices).

Recommendations on the USLE

The data in the 1977 and 1982 NRIs can be put to many uses, including
those illustrated in this report. The sheet and rill erosion information contained
in the 1982 NRI is reliable and sufficiently accurate for many analytical
applications at the national, regional, and state levels. Those uses include
conservation program planning and analysis, refinement
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EROSION UNDER ALTERNATIVE CROPPING,
MANAGEMENT, AND CONSERVATION PRACTICES

The sheet and rill erosion estimates in the NRIs reflect values for the
C factor recorded at each sample point. By altering those C-factor values
in the computerized NRI data base, it is possible to simulate erosion rates
that would be expected from alternative cropping and management
conditions or the addition of supporting conservation practices. In effect,
the USLE files for any geographic aggregation in the NRIs can be used to
ask questions about the alternative effects of varying combinations of
these conditions. For comparative purposes other factors such as slope,
length, and soil materials are constant.

A sample analysis is presented in Figure 3-4. The C-factor values for
all NRI sample points falling on land in row and close-grown crops were
altered in the NRI data files to reflect a range of C-factor values. At one
end of the continuum, with uniformly assigned C-factor values of 0.30 (the
national average value for row and close-grown crops), about 73 percent
of this acreage would have sheet and rill erosion

Figure 3-4
Percentage of acres nationally with USLE erosion rates greater than 5 tons/
acre·year at assumed levels of C factors for land in row and close-grown
crops in 1982. Note: High-and medium-potential curves illustrate land with a
high or medium potential for conversion to cropland. Source: Pierce et al.,
1986.
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rates of less than 5 tons/acre·year. This corresponds closely to the
estimated 75 percent of the row and close-grown crop acreage reported
as eroding below 5 tons/acre·year in the 1982 NRI.

Under a more optimistic assumption, all land in row and close-grown
crops is assigned a C-factor value of 0.1, about the average value
expected if all land were farmed by no-till methods—the ultimate form of
conservation tillage—and if heavy crop residue levels were maintained
throughout the cropping year. Under these circumstances about 93
percent of the 323 million acres would experience sheet and rill erosion
rates well below 5 tons/acre·year. At least 7 percent of the land now in
principal crops—over 20 million acres—would still erode at rates above 5
tons/acre·year, even if they were farmed with the most effective,
commonly available technology. Some additional structural practices
including stripcropping, terracing, or permanent vegetative cover would be
required to bring erosion rates to within the 5-ton maximum T-value level
on these lands.

Similar analyses at the MLRA level reveal striking differences in the
erosion rates under alternative farming conditions. In such heavily
cropped parts of the country as MLRA 103 (the central Iowa and
Minnesota till prairies) a much higher proportion of land would be
adequately protected from erosion with an average level of conservation
management (see Figure 3-5). By contrast, in MLRA 105 (the northern
Mississippi Valley Ioess hills of Wisconsin, Iowa, Minnesota, and Illinois)
and MLRA 136 (the southern Piedmont areas of Virginia, North Carolina,
and South Carolina, Georgia, and Alabama), even a high degree of
conservation management would leave 20 to 40 percent of the acreage
vulnerable to erosion rates in excess of 5 tons/ acre·year.

Similar analyses can be performed to simulate the effect of
converting land from use for row and close-grown crops to less intensive
uses. As part of the 1977 and 1982 NRIs, officials of the local SCS, the
conservation district, and the extension service assessed the potential for
future conversion of pastureland, forestland, and rangeland to cropland
use, based on the physical characteristics of the land and recent patterns
of land use in each county or conservation district. Because USLE data
were recorded for this potential cropland, it is possible to estimate what
sheet and rill erosion conditions would be like if the land were converted
from its present use to more intensive crop uses in the future.

Results of such an analysis for land with high and medium potential
for conversion are shown in Figures 3-4 and 3-5. Even the high-potential
cropland presents, on average, a more significant erosion control
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Figure 3-5
Percentage of acres in MLRAs 103 (central Iowa and Minnesota till prairies),
105 (northern Mississippi Valley Ioess hills), 134 (southern Mississippi
Valley silty uplands), and 136 (southern Piedmont) with USLE erosion rates
greater than 5 tons/acre·year at assumed levels of C factors for land in row
and close-grown crops in 1982. Note: High-and medium-potential curves
illustrate land with high or medium potential for conversion to cropland.
Source: Pierce et al., 1986.

challenge than land used for row and close-grown crops in 1982.
With a C-factor value of 0.30—the average conditions for land in row and
close-grown crops in 1982—only 60 percent of the country's high-potential
cropland and 57 percent of the medium-potential cropland would have
sheet and rill erosion rates less than 5 tons/acre·year. Even with much
lower C-factor values of 0.1, representative of no-till farming systems, 11
percent of the high-potential cropland and 18 percent of the medium
potential cropland would be expected to have erosion rates greater than 5
tons/acre·year. Among regions, considerable variation is found in the
vulnerability of high-and medium-potential cropland to average annual
erosion rates greater than 5 tons/acre.
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of procedures for estimating erosion rates, and analysis of basic erosion
processes and effects.

These analyses of alternative C-factor values indicate the diversity of
sheet and rill erosion problems across the country. No single cropping and
management approach, including no-till farming, will solve the erosion
problem on all cropland. These analyses also suggest the value of the
1977 and 1982 NRIs for assessing soil erosion conditions and alternative
conservation practices. Similar analyses can be performed to assess the
erosion conditions that would be expected under alternative conservation
supporting practical conditions, such as stripcropping, by altering P-factor
values in the NRI data files.

The USLE data can also be used to test new techniques that might be
incorporated in future resource inventories to estimate erosion or assess other
phenomena, such as nonpoint pollution. While erosion estimates based on
USLE data in the 1982 NRI are site specific and indicate soil displacement
rather than direct erosion damages, the estimates are sufficiently accurate to
serve as primary guides for state, regional, and national analyses of
conservation needs and opportunities until better analytical tools and data
become available.

Nevertheless, the committee recommends that efforts continue to improve
the USLE, for conservation planning and future resource inventories. A special
need exists to improve the accuracy of the equation, or to develop a separate
equation, for areas where water sources other than rainfall, including snowmelt
and irrigation, are important contributors to total soil displacement. Further work
—much of it under way—is needed to improve the methods of measurement
and accuracy of individual factors in the equation. In addition, as noted earlier,
the relationship between sheet and rill erosion, and concentrated flow remains
uncertain.

Some of the limitations of USLE data addressed in this report stem from
efforts over the last decade to apply the USLE in ways for which it was not
originally designed. The equation was not designed to directly measure
damages from erosion, either onsite or offsite. The committee notes that several
mathematical models of erosion-productivity inter
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actions (the Productivity Index model and the Erosion Productivity Impact
Calculator) have been designed to make use of NRI data. Similarly, models
such as the Agricultural Runoff Model (ARM); the Hydro-logic Simulation
Program in Fortran (HSPF); the Nonpoint Source Model (NPS); and later,
Chemicals, Runoff, and Erosion from Agricultural Management Systems
(CREAMS) have been developed, which incorporate USLE data for evaluation
of offsite erosion effects using NRI data. Other models need to be assessed; new
models should be developed, building on and extending USLE data for specific
applications.

The SCS and other agencies at the USDA should continue to rely on the
USLE as the major analytical device for conservation program planning,
management, and analysis. SCS should take the lead in continuously upgrading
field-level expertise in USLE applications. The agency should also introduce
new techniques as soon as they are available that more directly relate erosion
rates observed in the field to actual onsite and offsite damages.

The committee believes that the erosion equations and NRIs have not yet
been used to full advantage. If continued public investments in these tools are to
be justified, the committee believes that the USDA has a continuing obligation
to demonstrate that important, practical benefits are accruing from the use of
these tools in ongoing efforts to control serious erosion problems.

Sheet and rill erosion problems on much of the land currently used for row
and close-grown crops often can be adequately controlled through changes in
cropping and management practices. Conservation tillage—no-till farming
systems, in particular—demonstrates exceptional promise for erosion control,
provided that adequate levels of crop residues are maintained.

On many soils, additional soil conservation benefits can be achieved by
using traditional supporting conservation practices such as contour farming
systems, vegetated waterways, terracing, and stripcropping in conjunction with
conservation tillage systems. However, rainfall, type of soft, and slope
characteristics beyond the control of farmers make it extremely difficult to
economically control erosion on the approximately 30 million acres of erosion-
prone soils currently in conventional cultivation. The committee stresses that
basic land use patterns are of great significance in conserving highly erodible
lands. Where the potential for sheet and rill erosion is great, economically
feasible control of erosion levels can be achieved only through shifts away from
conventionally cultivated crops and into such uses as pasture, hay, range, some
tree crops, or forest.
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WIND EROSION ESTIMATES

The 1977 NRI provided estimates of wind erosion for the 10 Great Plains
states, using the WEE described by Skidmore and Woodruff (1968). In the 1982
NRI, wind erosion estimates were attempted for all nonfederal lands in the
United States on all land uses (see the boxed article The Wind Erosion Equation).

THE WIND EROSION EQUATION

The version of the WEE used in the 1982 NRI is a variation of
equations developed in the early 1960s. It has the following functional form:

Unlike the USLE, the factors in the WEE are not directly multiplied
together to determine a value for E, which is the potential annual wind
erosion rate in tons/acre year. Rather, this potential is a function of the
following:

I The soil erodibility value, or I factor, reflects the size of soil particles
or aggregates. The value for the I factor is the single most important
source of variance in the equation. The I-factor value is expressed as the
average annual soil loss expected to occur from an isolated, level,
smooth, unsheltered field, barren of vegetation and with a noncrusted
surface. Originally, the I factor was derived from the total annual erosion
(in tons/acre-year) for a number of farm fields located near Garden City,
Kansas. In applications such as the NRI, the I values are assigned to soils
based on the percentage of soil mass occurring in aggregates smaller
than 0.84 mm in diameter. This value is obtained from SCS technical
guides, in which values of 1 correspond to wind erosion groups (WEGs).
The WEGs are in turn based on predominant soil textural classes
(percentages of sand, silt, and clay), which were determined by reference
to soil surveys or other technical guides.

C C is an adjustment value to correct for areas having wind speed
and rainfall patterns different from those of the reference area used to
construct the original equation. The correction is based on mean
quantities of wind speed and rainfall evaporation. The value for C is
obtained from SCS technical guides.
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K The soil ridge roughness value, K, is assigned to a sample point
based on field inspection. The lower the value, the greater the
vulnerability of a field to erosion, if other conditions are equal. Deeply
furrowed fields tend to trap wind-blown soil in their furrows. Only two K-
factor values could be assigned in the NRI: K = 0.05, for a smooth field,
and K = 1.0, for a ridged field.

L The value representing the unsheltered distance across a field
along the prevailing wind direction is L. The unsheltered area of a field
begins leeward of a protected area or from a barrier at a distance of 10
times the barrier's effective height and perpendicular to the prevailing
wind direction. According to the WEE, a field windbreak composed of
trees 40 feet in height will theoretically protect a field on the leeward side
of the trees for a distance of 400 feet. This value is based on field
inspection.

V The vegetative cover value V combines residue quantity, type, and
orientation (flat or standing). The correct value is selected from SCS
technical guides based upon field inspection.

Sand moves across the highway in 50 mph winds near Pacific City, Oregon.
The new beach grass planting (left) will offer some protection against wind
erosion. Credit: U.S. Department of Agriculture, Soil Conservation Service.
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The development of the WEE marked a major conceptual advance in soil
erosion science. Use of the equation in the 1977 and 1982 NRIs was an
important step toward identifying lands subject to serious damage from wind
erosion. The committee believes that while the wind erosion data contained in
the NRIs are useful for a number of important scientific and policy applications,
the quantitative estimates are not sufficiently reliable for many uses. For
example, the NRI estimates probably provide reliable indicators of the relative
hazard from wind erosion in parts of the United States, especially for areas in
the Great Plains states where wind erosion is chronically severe. It is likely,
however, that the absolute values are too high (Gillette, 1986). They do not
appear to provide accurate estimates in more humid regions, on heavier soils, or
in some arid regions where conditions of the soil surface in relation to wind
erosion are not yet well defined.

Limitations of the WEE

Compared with the USLE data, the 1977 and 1982 NRI data for wind
erosion are less accurate and less reliable. Moreover, because of limitations of
time and personnel, as well as added computer costs, values for the individual
factors of the equation are not currently part of the computerized NRI data
bases. For this reason, it is not yet possible to use NRI data directly to refine the
factors or the overall equation, or to undertake analyses of alternative options
described previously in reference to the USLE.

There are several reasons for the present variation in estimates of sheet and
rill erosion rates in contrast to those for wind. First, scientists have identified a
number of conceptual shortcomings of the equation used to estimate wind
erosion, some of which are related to the relatively narrow empirical and
experimental basis of the WEE (Gillette, 1986) (see the boxed article
Improving Estimates of Wind Erosion). Second, wind erosion estimation
techniques used in the field have received less attention from scientific
researchers than techniques for sheet and rill erosion, despite great interest in
wind erosion at the inception of the modern soil conservation movement in the
1930s. Until uncertainties are resolved, it will be difficult for analysts to
interpret estimates of wind erosion in the 1982 NRI.

Improving Wind Erosion Prediction

An expanded research effort is needed to develop and validate basic
components useful in improving the WEE. (Some avenues of research
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IMPROVING ESTIMATES OF WIND EROSION

To identify some of the problems and research needs in the area of
wind erosion prediction, the committee commissioned a paper for the
project on the subject of the WEE and its use in the 1982 NRI (Gillette,
1986). A summary of findings follows.

Several sources of possible errors in the WEE, and thus in the NRI
data sets for wind erosion, were identified. Some new work has been
completed on the threshold wind velocities required to initiate erosion of
soil particles of various sizes. This research indicates that the I, or
erodibility, values used in the WEE might lead to systematic
overestimates of erosion when 20 to 65 percent of the surface soil mass is
composed of particles smaller than 0.84 mm in diameter. If this finding is
correct, the NRI wind erosion estimates would generally be too high for
certain soils, particularly those with textures other than sand and sandy
loam. In practical terms, the estimated average annual erosion rates
reported for humid areas in the 1982 NRI are generally low. Yet those
estimates are still probably too high.

A single value for I is used for an entire year when the WEE is used.
However, soil aggregates can alter in one season. During drought, for
example, soil aggregates of clay-textured soils from western Texas
disintegrated. As the average size of aggregates decreased, the threshold
wind velocity decreased, too.

The C factor in the WEE is used to adjust the I factor to reflect
climatic circumstances of wind speed and rainfall evaporation for areas
other than those found in the reference area (Garden City, Kansas).
Recent research on wind threshold velocities indicates that the C factor
leads to overestimates of wind erosion wherever mean wind speeds are
lower than those for Garden City. Wind speeds are in fact lower for most
regions of the United States.

An attempt was made to compare wind erosion estimates for a humid
area (Minneapolis) using the WEE with estimates derived from a
provisional WEE that reflects new research on wind threshold velocities.
The results showed moderately good agreement for soils in that area. The
supplemented WEE predicts that the soils generally susceptible to high
rates of wind erosion are very fine-to-medium sands or sandy loams in
WEGs 1 and 2. Such soils do not predominate in this midwestern area.
The WEE appears to overstate wind erosion by a factor of about five for
the more common moderately erodible soils in WEGs 3, 4, and 4L
(textures ranging from very fine, sandy loams to silty clay loams). For soils
in WEGs 5 and 6, the WEE appears to overestimate wind erosion rates by
a factor of about 10.
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have been suggested by Gillette [1986].) In the near term, however, efforts
should be made to compare application of the WEE in the NRI with other
methods. Comparisons might help identify the need or the opportunity to adjust
NRI wind erosion estimates to make them more accurate and usable.

Values for individual factors of the WEE should be coded and made
available on a special supplemental NRI computer tape, if at all possible. They
should also be available on the raw data tapes during any future inventories, at
least for some regions.

As a first step, wind erosion factor data should be entered for selected
MLRAs representative of a diverse range of wind erosion conditions. Such data
would facilitate basic research on wind erosion prediction and lend greater
authority to short-term policy and program applications in arid regions. These
computer tapes should be made available to interested analysts inside and
outside of the USDA.

The USDA should design and fund a comprehensive plan of research to
improve the prediction of wind erosion over the long term and to compare NRI
wind erosion estimates with those derived by other methods during the next few
years. A similar program should be developed to improve water erosion
prediction.

The research plan should specify the roles and responsibilities of the SCS,
the ARS, experiment stations, university scientists, and scientists from other
agencies. A realistic mechanism for coordination, along with solid USDA
commitment and leadership, will be essential to ensure that the research
program is effective, efficient, and of high quality. The overall research plan
and strategy for evaluating and improving wind erosion estimation techniques
ideally should be developed—or at least reviewed—by a panel of experts
working outside of USDA. Field verification should be performed by
independent contractors, using criteria developed by an independent panel of
experts.

The committee recommends that this research program include

•   An assessment of an alternative formulation of a WEE;
•   Verification of WEE estimates, basic parameters, and concepts through

field-level measurements;
•   Study of the deposition patterns of soil eroded by wind, with a special

focus on air and water pollution consequences;
•   Reconsideration of the need for nationwide wind erosion data.

It might be possible to reliably apply certain variables of the WEE, perhaps
with modifications, as indicators of relative wind erosion hazard. Such an
approach has been proposed by the Resource Conserva
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tion Act (RCA) Fragile Soils Work Group as a means of identifying highly
erodible lands (McCormack and Heimlich, 1985). This group of USDA soil
scientists and analysts evaluated six major options for classifying erodible softs.
The recommended option uses the soil loss tolerance (T) factor and soil and site
factors of the USLE and the WEE as the basis for defining erodible softs, RKLS/
T and CI/T, for example.

Some method for classifying land according to its relative wind erosion
hazard will be needed if government agricultural policies are revised in the
future to take soil erosion problems into account. The NRI could provide a
useful data base for evaluating some of the effects of sodbuster and
conservation reserve initiatives, for example, in areas where wind erosion is a
problem. First, however, some scientific uncertainties about the WEE and NRI
wind erosion estimates must be resolved.

Evaluation of the usefulness of the WEE and its individual factors as
criteria for identifying lands that are highly erodible by wind should be a
priority of the USDA. The evaluation should build upon the work of USDA's
RCA Fragile Soils Work Group. Sufficient personnel and resources should be
allotted to this activity to enable the USDA to propose in 1986 scientifically
defensible and administratively feasible criteria to identify highly erodible land
that is currently in cultivation or subject to cultivation in arid or semiarid
regions. The rapid development of a representative computer data base of WEE-
factor values collected in the 1982 NRI would expedite and support this activity.

EROSION BY CONCENTRATED FLOW: EPHEMERAL
GULLIES

Soil scientists, conservationists, and farmers have recognized for many
years that serious erosion problems sometimes occur within natural
drainageways, usually on cropland where water runoff concentrates and washes
soil from wide, shallow channels. Unlike smaller rills, the sites of these
concentrated flow channels are relatively permanent topographic features. Like
rills, however, tillage operations usually obliterate evidence of concentrated
flow erosion; the term ephemeral gully erosion reflects this condition.

Ephemeral gully areas tend to erode, sometimes at very high rates, unless
appropriate steps are taken to divert water runoff or to plant the channel area in
a sod-type crop. Establishing grass-based sod in these areas is a highly effective
erosion control practice, and they are referred to as grassed waterways.

There is no commonly accepted, practical method for estimating
ephemeral gully erosion in the field; USLE estimates of sheet and rill erosion
do not independently predict or quantify ephemeral gully ero
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sion. Neither the 1977 nor the 1982 NRI includes estimates of ephemeral gully
erosion. The extent and magnitude of this type of erosion are not well
established, because methods for doing so are lacking.

In some areas, however, this form of erosion is thought to equal or surpass
others as a soil conservation problem. Evidence from field observations,
measurements, and water quality models suggests that ephemeral gully erosion
can result in sediment removal rates comparable to those for sheet and rill
erosion (Foster, 1986). (Sheet and rill erosion can be soil displacement—not
necessarily soil loss—from a given field.) Concentrated flow may accentuate
sheet and rill erosion in adjacent areas and add to crop loss within the gullied
area. The flow itself may transport sediment and chemicals directly from fields
to water courses.

In some cases, conservation tillage is adequate to control ephemeral gully
erosion. More serious problems may require grassed waterways to directly
protect the eroding channel or the construction of terraces, diversions, and
outlets to slow and divert runoff as it moves down-slope. Maintenance of
grassed waterways, however, can be a problem in farming systems that use
herbicides that are toxic to grasses. Special structures—in effect, small dams
and spillways—are sometimes installed to prevent some ephemeral gully areas
from evolving into deep, permanent gullies.

SCS personnel in about 30 states are making field estimates of ephemeral
gully erosion. Several estimation methods are being used (Foster, 1986). Plans
are being developed to assemble all data for analysis within the coming year.

In the committee's judgment, there is reason to believe that ephemeral
gully erosion may pose significant problems on cultivated cropland of sloping,
uneven topography. Ephemeral gully erosion may prove to be the predominant
and, perhaps, most damaging form of erosion in some regions, in terms of soil
productivity and offsite problems.

A comprehensive and coordinated research program involving the ARS,
the SCS, experiment stations, the Extension Service, other federal agencies, and
universities should be developed to meet the following objectives:

•   Adoption of a consistent terminology to describe ephemeral gully
erosion that will help distinguish it from other forms of erosion.

•   Evaluation of field methods for estimating ephemeral gully erosion.
Initially, evaluations should emphasize the means for identifying areas
affected to varying degrees by ephemeral gully erosion rather than
procedures for estimating rates of erosion with great precision. In
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many cases, identification of specific problems, combined with general
(as opposed to site-specific) information about the damages associated
with those problems, will aid in developing recommendations for land
users regarding the adoption of cost-effective conservation measures.

•   Acceleration of research and educational programs conducted by the
ARS, the SCS, experiment stations, universities, the extension service,
and other USDA agencies on ephemeral gully erosion in regions where
this problem is widespread.

•   Assessment of deposition patterns associated with ephemeral gully
erosion to ascertain the extent of any changes in the productivity of
landscapes where soil sediment is deposited.

•   Development of an interagency work group should be convened within
USDA to study the feasibility of including methods for estimating the
extent and severity of ephemeral gully erosion in future NRIs. It may
be desirable to focus future inventory activities on areas where
preliminary assessments identify serious ephemeral gully erosion
problems. One criterion for severity should include the potential
impact of ephemeral gully erosion on water quality. To the extent that
areas and specific sites can be identified where ephemeral gully
erosion constitutes a significant problem:

•   Greater emphasis should be placed on targeting cost-sharing programs
and technical assistance to conservation systems that include grassed
waterways and other proven, affordable methods for controlling
ephemeral gully erosion.
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4

On-Farm and Off-Farm Consequences of
Soil Erosion

After several decades of relative quiescence, many new, innovative
research studies on soil erosion control have been initiated. Some studies
(Larson et al., 1983; Williams et al., 1981) have focused on the effects of
erosion on soil productivity. Less research is currently under way on offsite
damages associated with soil erosion, which was a major area of interest in the
1930s and 1940s. Offsite damages are now an issue that some suggest will
likely represent the most serious social consequence of soil erosion on much of
cultivated U.S. cropland (Crosson, 1984; Clark et al., 1985). The committee
believes that a strong case can be made to initiate more work on offsite
damages. New research might include assessments of the chemical composition
of runoff and the effects of chemical constituents and sediment derived from
erosion on water quality and the ecology of rivers, streams, and reservoirs.

General findings of recent research on the major on-farm and off-farm
consequences of soil erosion, focusing on research applications of NRI data, are
summarized in this chapter. This research—much of which was possible
because of the availability of NRI data—attempts to quantify basic reasons for
conserving soil: reducing the impact of soil erosion on farm production costs
and productivity in terms of yield and mitigating costs associated with offsite
damages caused by erosion.

The committee believes that both on-farm and off-farm costs of erosion are
important. In some areas, erosion causes onsite productivity losses and also
contributes to nonpoint pollution problems. In other areas, erosion might cause
only one of these problems. These distinctions are critical to the design of
effective conservation policies.
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EFFECTS OF EROSION ON PRODUCTION COSTS

Short-Term Costs

Soil erosion and associated water runoff increase short-term farm
production costs per unit of harvested crop in a variety of ways. Water runoff
and sediment loss frequently displace fertilizer nutrients and pesticides from the
area of original application. Yields may be reduced in these areas as a result of
nutrient deficiencies, lack of sufficient moisture, or weed and insect problems.
Farmers might be able to correct some or all of these problems, but not without
incurring additional production costs.

The severity of these problems is rarely uniform within individual farm
fields. It is often impractical for farmers to identify and efficiently correct soil
erosion and runoff problems, because they usually follow a common
management routine on a given field. Problems on portions of fields are
generally tolerated because of the prohibitive cost of more precise management
practices. In most cases, to correct runoff problems farmers have three options:
(1) use conservation practices to bring erosion under control; (2) change land
use, crop rotation, or both; or (3) alter field boundaries. The last two options are
often not economically feasible considering current world market prices.

Erosion can also directly damage crops, especially newly planted crops.
The damage might be confined to an area of concentrated flow, where seedlings
are washed away or inundated with sediment. Or it might affect substantial
areas. This is often the case in the Great Plains where wind-blown soil particles
bury or abrade germinating crops. In areas of rapidly developing severe gully
problems, farm production costs can be increased through damages to farm
equipment from crossing gullies and the greater fuel and labor requirements
needed to farm around gullies.

Except in areas of concentrated flows or where wind abrasion is severe,
short-term effects of erosion on farm production costs and profits can be
gradual and subtle. Researchers and farmers can find it difficult to accurately
diagnose the effects of erosion on productivity or to distinguish them from other
positive and negative influences such as weather and changing technology.
Conservationists can often characterize erosion-induced problems in physical
terms, but they cannot provide reliable estimates of the short-term economic
costs associated with them.

The effects of erosion occur over time; thus, short-term costs are modest
on most cropland. The committee believes, however, that bet
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ter methods are needed to estimate these costs on cropland that is subject to
high erosion rates. Improved methods would help farmers integrate the full
economic costs and benefits of conservation practices into their economic
planning.

Severe erosion from the concentrated flow of water appears on this
unprotected cropland after spring rains (Montgomery County, Iowa). Soil
erosion and associated water runoff can increase short-term farm production
costs in several ways, including loss of plant nutrients and damage to
machinery incurred when crossing the channels left by runoff. Credit: U.S.
Department of Agriculture, Soil Conservation Service.

Long-Term Costs

Long-term increases in the cost of farm production occur when erosion
severely, and sometimes permanently, alters the productive capacity of a soil to
support physical and economic crop production. The adverse effects of erosion
on the depth and nature of the rooting zone available to plants are probably the
most pervasive long-term

ON-FARM AND OFF-FARM CONSEQUENCES OF SOIL EROSION 64

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Soil Conservation: Assessing the National Resources Inventory, Volume 1
http://www.nap.edu/catalog/647.html

http://www.nap.edu/catalog/647.html


cause of soil productivity losses. The most serious impacts occur when erosion
reduces the depth of already shallow topsoils underlain by inhospitable clay
subsoils or other material unfavorable to plant growth, or reduces shallow soils
underlain by bedrock.

Long-term consequences are often subtle. Mixing of subsoil that gradually
becomes a more important part of the rooting zone—a result of progressive
erosion—rarely makes the soil totally inhospitable to plants. Such eroded sites
usually have less capacity to supply soil moisture or plant nutrients in forms
readily available to growing crops. With time, farm production costs increase
because more fertilizer, more careful tillage operations, or other changes in
management are required to attain a given crop yield. The most serious and
ubiquitous long-term consequence of erosion, however, appears to be a
reduction in the amount of water in the root zone and increased susceptibility to
drought.

The forces of wind and water can alter the physical properties of surface
soils themselves. Organic matter in the surface soil is selectively eroded by
wind and water. As subsoil material low in organic matter is mixed with topsoil
by tillage, the organic matter content of the topsoil is diluted. The common
result is a reduced capacity of surface soils to retain nutrients and moisture. The
impact of raindrops on bare soil, especially if it is low in organic matter, can
cause the formation of a crust or pavement. This and other structural changes in
the soil can impede infiltration of rainfall, causing increased runoff and
accelerated erosion.

As is the case with short-term erosion damages, long-term damages may
be confined to fairly small portions of a given field, which often are easy to spot
because of physical changes such as soil color and chronically lower yields.
Rather extensive potential damage, however, can go unnoticed. Changes in
agricultural technology and management practices confound recognition and
quantification of long-term costs of erosion. In fact, crop yields have increased
substantially over time in many areas where erosion rates are high. This
paradox has led some observers to discount the importance of on-farm
productivity losses from erosion. Extended periods of surplus crop production
have reinforced this conclusion.

Erosion probably exerts minimal adverse impacts on productivity in
eroding fields with deep topsoil layers; rich, productive subsoils; or a
combination of both. In some regions, western Iowa and the Palouse in the
Pacific Northwest, for example, many soils possess these favorable
characteristics. In areas such as the southern Piedmont region that stretches
through several mid-Atlantic states, almost all soils are vul
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nerable to long-term productivity losses because of relatively shallow topsoil
layers and subsoils that are unfavorable to root development. The relatively few
studies that have focused on a variety of soils in the United States have been
helpful in establishing the range of vulnerability to different erosion rates.
However, many of these past studies are less useful in assessing contemporary
erosion-productivity relationships (see
Separating the Effects of Erosion and Technology).

SEPARATING THE EFFECTS OF EROSION AND
TECHNOLOGY

Yield observations over time are influenced by several interactive
forces. Where soil erosion occurs, the relationship between erosion's
adverse effects on productivity and technology's yield-enhancing effects
poses a complex research challenge. Yield increases brought about by
technological change may not only mask the effects of erosion, but failure
to account for the ways that erosion may have influenced the rate and
cost of technological advances can lead to inaccurate assessments of
damage caused by erosion.

Erosion damage cannot be measured solely as a simple function of
yield. A correct assessment requires the clear separation of the projected
effects of erosion and technology. For example, crop yield might be
increased by technological advances that are independent of inherent soil
productivity, such as hybrid seed and improved chemical weed-control
systems. To evaluate the effects of erosion in such instances, it is
necessary to focus on the impact of erosion damage on attainable yield
levels, taking into account the effects of technological advances. The
question is: How much higher would yields be with new technology if soil
had been conserved?

Even on cropland with deep, friable subsoils where technology boosts
yields uniformly throughout the range of yield responses, in spite of the
extent of erosion damage to the field, assessment of impaired productivity
on land that has benefited from technology requires a measure of erosion
damage based on a with conservation versus without conservation
comparison of yields (Walker and Young, 1986).

The only valid way to assess erosion effects in regions experiencing
substantial technological change—the majority of U.S. agricultural areas—
is to compare actual yields and profitability under conditions of
contemporary management with those under conditions of con
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trolled erosion. Empirical studies that have attempted to disaggregate
erosion from technology effects have demonstrated that yield response to
a given new technological advance on conserved soils can be greater
than that on eroded soils (Walker and Young, 1986). Research has been
initiated in several parts of the country to develop new analytical methods
for more accurately quantifying complex erosion-technology interactions.

For many years technology has been thought of as a mask or
compensation for erosion. The availability of NRI data has helped analysts
recognize that the relationship of erosion and productivity is complicated
by technology. Understanding the interactions of erosion, productivity, and
technology is a necessary step in reliably estimating the true costs and
benefits of erosion-control investments.

Long-Term Productivity

The degree of impact of erosion on long-term productivity varies widely.
Many different concepts and experimental designs have been advanced in an
effort to quantify these impacts. Proper interpretation of the stated hypotheses
and the experimental results is important.

Long-term productivity losses might come about through reduced optimal
yields or through higher costs to attain optimal yields. Erosion can also
adversely affect a soil's responsiveness to future yield-enhancing technologies.
An important question is whether yield increase over time will be greater in the
future if less topsoil is displaced by erosion (Walker and Young, 1982).
Alternatives must be placed in an economic and social context. A basic goal of
soil conservation is to maintain the full potential of the soil to achieve a high
level of production at per unit cost over a long period.

Practical and reliable techniques for estimating the long-term economic
costs of soil erosion at specific locations are not available. The standard
approach of farm-level conservation planning is to identify the physical
magnitude of an erosion problem, not its economic consequences, and present
the farmer with a series of alternative conservation systems for reducing the
volume of soil displacement. The systems vary in cost and effectiveness. Some
might be impractical, depending on the farmer's complement of machinery or
operation. Ideally, the farmer selects a system that will make his operation more
profitable and achieve the greatest reduction in erosion per dollar spent. Choices
among conservation alternatives, however, are made without the aid of
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sound estimates of short-and long-term benefits. Costs, on the other hand, are
generally known and are usually significant.

Current research that identifies the effects of erosion on productivity will
improve the general scientific understanding of the magnitude and extent of
erosion damages. The development of practical methods for field estimation of
both short-and long-term erosion damages to productivity would augment
current research. Such new methods would be useful to farmers and
conservationists.

In developing models and procedures for assessing the effects of erosion
on land productivity, the USDA should reconsider the current balance between
farm-level basic research on the modeling of erosion processes and more
applied, aggregate-level research. (Aggregate-level research is designed to
provide technical information to support USDA and state soil conservation
activities as well as the conservation planning undertaken by individual farmers.)

The secretary of agriculture should direct a team drawn from the SCS, the
Agricultural Research Service, the Extension Service, the Cooperative State
Research Service, the Economic Research Service, and other relevant research
and administrative organizations to review and periodically report on current
research and methods in the area of erosion-productivity interactions. The
purpose should be to identify promising techniques for applying such research
in the field, to assist extension workers and conservationists in applying
research results to farm-level economic planning, and to coordinate future
research to enhance its applications in the field and in program development.

EROSION-PRODUCTIVITY MODELS

Most of the research on the effects of soil erosion on agricultural
productivity has been in the form of empirical studies at specific geographic
locations (Crosson, 1984; Larson et al., 1983). Results have helped researchers
quantify the impact of on-farm erosion damages and have drawn attention to the
need for improved soil conservation practices. Empirical studies have also
helped researchers identify the soil characteristics and management practices
that most significantly influence erosion-productivity damage under many field
conditions. However, research methods differ greatly from one study to the
next, and the results of these studies are often pertinent to relatively few soils
experiencing different rates of soil erosion. As a result, researchers have not
been able to generalize about the effects of erosion on productivity for broad
geographic areas or to consistently compare effects from one area to another.

Since the release of the 1977 NRI data, however, several mathematical
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models have been developed that attempt to quantify erosion-induced
productivity effects for much broader geographic areas, including the entire
United States. Two are discussed here: the Productivity Index (PI) model and
the Erosion-Productivity Impact Calculator (EPIC) model. The PI model uses
smaller amounts of input data and less technical data. In that sense it is limited,
but it is relatively simple and inexpensive to use. The EPIC model is more
complex and goes beyond the PI model in attempting to analyze the physical
and chemical relationships affecting erosion-productivity. These models and
others draw upon the findings of empirical studies of erosion-productivity
relationships, data contained in the NRIs, and other data sources. Thus far, the
models mainly have been used for policy analysis and program evaluation at the
national, regional, and state levels. With further refinement the results of
erosion-productivity models should have important application in conservation
planning on the farm.

The PI Model

In the late 1970s, researchers at the University of Missouri developed a
model of productivity, the PI model (Kiniry et al., 1983). As refined by a
research team at the University of Minnesota, the PI model allows comparisons
of soil productivity between an ideal soil, in which bulk density, pH, aeration,
and available water storage capacity are optimal for root growth, and any other
soil for which values for these parameters are available (Pierce et al., 1983).
The computerized data base composed of county-level soil surveys, Soils-5,
contains such information for thousands of soil profiles. The NRI design
permits cross-tabulation with the Soils-5 data base. Information recorded on
most NRI sample points can be cross-referenced via computer with detailed
Soils-5 information about similar soils.

Once a PI has been constructed for a particular soil profile, changes in
productivity that would be expected as a result of erosion can be simulated by
evaluating the PI for progressively lower portions of the soil profile--the
portions that become the zone of plant root growth as erosion strips away the
surface soil. The depth of the soil, its quality as a medium for plant growth, and
the amount of erosion (rate multiplied by time) become the determinants of
future soil productivity.

The PI model assumes that the availability of plant nutrients will not be a
limiting factor on crop production. Damage estimates are generally
conservative, because the model assumes that any direct reduction in nutrient
levels or nutrient storage capacity sustained from erosion can be overcome by
the addition of increasing amounts of fertilizer.

Table 4-1 shows some characteristics and PI model results for land in
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six Major Land Resource Areas (MLRAs) that were reported as planted to corn
or soybeans in the 1982 NRI. In general, MLRAs 103 (the central Iowa and
Minnesota till prairies), 108 (the Illinois and Iowa deep Ioess and drift), and 115
(the central Mississippi Valley wooded slopes), which have fairly low average
potentials for sheet and rill erosion (RKLS product values), exhibit high average
levels of soil productivity (PI values).

TABLE 4-1 Relationships Between Erosion and Measures of Soil Productivity in Six
MLRAs for Land Planted in Row Crops

Measures of Productivity Impact
Rates of Erosion (tons/acre-year) Change in PI over

100 year (percent)MLRA Potential Actual Tolerablea PIb Vc

105 71.6 11.4 4.7 0.84 0.23 5.6
109 45.1 15.2 3.9 0.79 0.17 6.9
113 25.4 8.0 3.4 0.72 0.21 4.4
103 11.2 4.1 4.9 0.88 0.27 1.9
108 28.9 8.8 4.9 0.91 0.16 2.4
115 32.0 10.2 4.6 0.83 0.14 3.6

a Soil loss tolerance (T) value.
b Productivity index: Ratio of soil productivity after an increment of erosion in contrast to
uneroded state. (PI does not equal 100 for any soils in the initial period.) Approximates loss in
productivity from erosion.
c Vulnerability value: Approximates the rate of change over time for a given soil in the PI value.
High V values indicate relatively high susceptibility to erosion-induced productivity loss.
SOURCE: 1982 NRI and Soils-5; adapted from Runge et al., 1986.

The V value approximates the rate of reduction in the PI value for uniform,
incremental reductions in soil depth resulting from erosion. It is an indication of
the average vulnerability of the land to erosion in these MLRAs (Pierce et al.,
1984). Whereas the PI value is a static measure of productivity, the V value is
an indicator of how rapidly a soil's productivity can be reduced by erosion.
Vulnerability increases with increasing V values. Table 4-1 indicates that there
are exceptions to the general observation that high rates of erosion are
associated with significant soil productivity damages. MLRA 103 has the
lowest potential for erosion of the six MLRAs listed in Table 4-1 and a fairly
high productivity rating, but it is also the MLRA most vulnerable to a given
amount of erosion, as indicated by the higher V-factor value for the soil.
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Uses of the PI Model Some researchers have suggested that V values, or
similar measures of a soil's vulnerability to erosion damage, might be applied to
refine conventional soil loss tolerance limits (Pierce et al., 1984; Runge et al.,
1986). The committee believes that such approaches should be used to improve
the conceptual and empirical basis of T values with respect to erosion-
productivity relationships. This could be accomplished within a reasonable time
and at acceptable developmental and implementation costs.

Analytical tools such as the PI model can be used to investigate the ways
that soil erosion influences productivity across the country over time. Table 4-1
shows the predicted effects on the average PI over 100 years for six MLRAs,
assuming that the average sheet and rill erosion rates reported in the 1982 NRI
continued. Again, the predicted decline in productivity incorporates the
assumption that damage to the plant nutrient regime, or any weed or pest
problems exacerbated by erosion, will be corrected through adjustments in input
levels, management decisions, or both.

MLRAs with high inherent potential for erosion as well as high actual
erosion rates—MLRAs 105 (the northern Mississippi Valley Ioess hills), 109
(the Iowa and Missouri heavy till plain), 113 (the central claypan areas of
Missouri and Illinois), and 115—would sustain the most serious productivity
damages. MLRAs 105, 109, and 113 exhibit greater susceptibility to damage, in
some cases more than twice the average decline in PI. However, the average
reduction in PI value is weighted heavily by modest PI reductions in MLRAs
103 and 108, which together account for more than 60 percent of the acreage
evaluated in the table.

Geographic Variation Broad geographic assessments of erosion-
productivity damages, whether for the entire United States or smaller
aggregations, provide useful indications of overall conditions. But these
aggregations can obscure important variations observed among regions or in
local areas within regions such as MLRAs. Erosion-productivity problems are
not uniformly distributed across the country, within regions, or in individual
fields of cropland. Assessments of erosion damages that emphasize average
reductions in crop yields or other measures of productivity can underplay the
more serious, geographically concentrated instances of severe erosion-induced
productivity damages. The committee believes that the highly variable nature of
erosion-related productivity should be more systematically considered in
studying erosion and in the design and implementation of erosion control
programs.
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The EPIC Model

The Resource Conservation Act (RCA) mandates that the USDA perform
an appraisal of soil and water resource conditions and trends every five years.
As part of the 1985 RCA appraisal, an interagency research group involving the
SCS, the Economic Research Service, and the Agricultural Research Service
developed a mathematical model for estimating erosion impacts on crop yields
and costs of production (in the form of additional requirements for such
production inputs as fertilizer and water). The EPIC model is a sophisticated
descendent of the Yield Soil Loss Simulator, the model used to evaluate erosion-
productivity effects in the 1980 RCA appraisal: The model draws upon NRI
erosion estimates to develop baseline conditions and can simulate erosion rates
and long-term productivity effects that would be expected from alternative
cropping and conservation management conditions.

In view of the importance of testing the interactive effects of technology
and erosion damage on crop yields and other measures of productivity, the
EPIC model, used in conjunction with erosion information from the NRIs, is a
potentially useful tool for scientific research and policy analysis. The EPIC
model is more complex and demanding of data than the PI, and like the PI
model, EPIC will provide insights into the erosion-productivity relationship.
The committee notes that until the full impacts of erosion on all factors
contributing to agricultural productivity can be quantified, it is likely that the
short-and long-term agronomic and economic impacts of erosion will continue
to be poorly understood.

SOIL EROSION AND WATER QUALITY

The most serious damages of erosion occur, in some cases, after sediment
and runoff have left the field. A review of offsite erosion damages conducted by
the Conservation Foundation estimates that the social cost of these damages
may have totaled $3 billion to $13 billion in 1980 alone, excluding biological
damages (Clark et al., 1985). Damages appraised in the study include impaired
recreation and damage to water storage facilities, navigational impacts, property
values, and commercial fisheries. Also included are damage to water
conveyance systems, water treatment facilities, municipal and industrial
facilities, and flooding.

Field studies and monitoring activities cited earlier (see Chapter 2) suggest
the serious nature of offsite erosion problems. More recently, attention has been
focused on the potential impacts of agricultural
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practices on groundwater quality, particularly the use of fertilizers and
pesticides. The committee believes that strategies for protecting the quality of
surface water and groundwater will have to consider the possibility that
groundwater pollution can be aggravated by techniques intended to mitigate
erosion problems. Conservation practices often rely more heavily on
agricultural chemicals than conventional management and at the same time
increase infiltration of water, which may aggravate pollution of groundwater.

Spring runoff on a plowed field, Brown County, Wisconsin. Such runoff often
transports sediments, animal wastes, plant nutrients, and pesticides—all causes
of nonpoint water pollution. Credit: U.S. Department of Agriculture, Soil
Conservation Service.

Potential Uses of NRI Data

There are major gaps in the scientific data on the basic processes of offsite
damages—and pollution of surface water and groundwater— caused by erosion
and agricultural management practices. These problems may be serious in many
parts of the country.
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Currently, the usefulness of NRI data for assessing offsite erosion damages
is hampered by the lack of basic scientific understanding of the effects of soil
erosion and runoff on surface water and groundwater quality. The Universal
Soil Loss Equation (USLE), for example, was not designed to evaluate
sediment delivery into water bodies or other non-point pollution problems. NRI
estimates of sheet and rill erosion do provide an indication of potential sediment
loads from agricultural land. The difficulty is in translating these potential loads
into actual sediment levels observed in watercourses and then assessing the
damage caused by the added sediment.

NRI values for select physical factors of the USLE can be helpful in
analyzing surface water quality when properly integrated into mathematical
models such as those mentioned in Chapter 3. These models focus on the
linkages between erosion, soil, and chemicals carried by runoff at the field's
edge and additional changes that occur as runoff of water and sediment moves
into or through small streams. Additional work is needed to better define the
hazards posed by infiltration of nutrients or chemicals into groundwater in
diverse regions that are subject to a variety of agricultural practices (Crosson
and Brubaker, 1982) and hazards associated with sediments and chemical
constituents that are transported and deposited in water systems.

As noted earlier, the committee believes that sufficient evidence exists to
conclude that environmental hazards and social costs associated with water
pollution derived from agricultural lands are significant. Improved control
measures and strategies are needed; better information is essential to devise
such strategies. As such information is developed, current and new data from
the NRI can contribute to the assessment of the offsite impacts of agricultural
activities.
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5

Assessing Conservation Practices and
Land Classification Schemes

One of the most important uses of the NRIs is to analyze the diversity of
erosion conditions across the country. The inventories are also used to
determine the effectiveness of conservation practices in mitigating erosion
problems. This chapter describes new information on the distribution of
conservation practices that were recorded in the 1982 NRI. It also focuses on
the analytical component shared by most new policy initiatives—the
classification of cropland according to its susceptibility to erosion-induced
damages. Such damages may affect the land itself or water bodies to which it is
tributary. Accurate identification of crop-lands especially susceptible to erosion
is dependent upon a sound land classification scheme.

CONSERVATION PRACTICES

The 1982 NRI contains data on the conservation practices employed by
farmers on all types of land. The survey was designed to record up to three
practices per acre. Many acres are treated with combinations of practices:
terrace systems in conjunction with contour farming, and conservation tillage
with stripcropping, for example.

The 1982 NRI results support three basic conclusions regarding
conservation practices that first emerged from analysis of the 1977 NRI (U.S.
Department of Agriculture, 1981). First, nearly 50 percent of the intensively
cultivated cropland in the United States is treated with some conservation
practice. Second, many of the practices currently in
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use—again, about half—are used on land not subject to excessive erosion
losses. Third, much of the land most in need of erosion control—as defined by
the USLE—is not treated with any practice.

Miles of grass-backed, tile outlet terraces conserve soil and moisture on this
farm in Montgomery County, Iowa. Conservation tillage is also used on the
farm to control erosion. This is an example of a highly effective conservation
system involving C- (cover and management) and P- (supporting soil
conservation practices) factor practices in accordance with a conservation plan.
Credit: U.S. Department of Agriculture, Soil Conservation Service.

Table 5-1 shows the distribution and frequency of application of
conservation practices according to ranges of erosion potential. Ideally, the
frequency of application should increase as inherent erosion potential increases.
This does not appear to be the case. For the nation as a whole, the percentage of
acres treated with one or more conservation practices appears to decline with
successively higher potential erosion. A slight increase is suggested for the
Corn Belt, Iowa, and the highest potential erosion in Georgia. The percentage of
acres treated appears relatively constant across the range of potential erosion.
Practices on land with erosion potential less than 10 have probably been
adopted for reasons other than erosion control, such as fuel and labor savings.

The acreage treated with conservation tillage methods is increasing (see
Chapter 1). The purpose of such tillage practices is to leave crop residues
sufficient to cover a minimum of 30 percent or more of the soil

ASSESSING CONSERVATION PRACTICES AND LAND CLASSIFICATION SCHEMES 76

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Soil Conservation: Assessing the National Resources Inventory, Volume 1
http://www.nap.edu/catalog/647.html

http://www.nap.edu/catalog/647.html


TABLE 5-1 Acreage Treated with Conservation Practices in the United States, the
Corn Belt, and Selected Statesa

Acres (millions) Treated with Given Number of Practices
Erosion
Potential
(tons/
acre·year)

Total
Acreage
(millions)

None One Two Three One
or
More

One or
More
(percent)

United
States
0-< 10 220 92 82 32 15 129 58
10-< 20 93 44 30 12 7 49 53
20-< 40 55 27 16 7 5 27 50
40-< 60 20 11 6 2 1 9 47
60-< 100 17 9 5 2 1 8 47
100-< 150 8 4 3 0.9 0.4 4 47
> 150 7 4 2 0.8 0.3 4 47
Corn Belt
0-< 10 48 26 17 4 1 22 46
10-< 20 25 14 7 2 1 11 44
20-< 40 18 9 5 2 2 8 48
40-< 60 8 4 2 0.9 0.8 4 49
60-< 100 8 4 2 1 0.7 4 50
100-< 150 4 2 1 0.6 0.3 2 49
> 150 4 2 1 0.5 0.2 2 51
Georgia
0-<10 2 1 0.4 0.1 0.08 0.6 30
10-<20 3 2 0.4 0.2 0.09 0.7 28
20-<40 1 1 0.2 0.1 0.03 0.4 28
40-<60 0.4 0.3 0.1 0.04 0.01 0.1 36
60-< 100 0.3 0.2 0.07 0.01 0.01 0.1 34
100-< 150 0.08 0.06 0.02 0.002 0.001 0.03 30
> 150 0.04 0.02 0.02 0 0.02 39
Iowa
0-< 10 9 4 4 1 0.2 5 56
10-< 20 6 3 2 0.7 0.2 3 50
20-< 40 4 2 1 0.6 0.2 2 50
40-< 60 2 1 0.7 0.4 0.1 1 50
60-< 100 3 1 0.8 0.5 0.2 2 66
100-< 150 2 0.6 0.5 0.3 0.1 1 50
> 150 2 0.6 0.4 0.3 0.1 1 50
Ohio
0-< 10 6 3 3 0.4 0.08 3 52
10-< 20 3 2 0.8 0.2 0.02 0.1 35
30-< 40 2 1 0.4 0.08 0.02 0.5 33
40-< 60 0.6 0.4 0.2 0.05 0.01 0.2 40
60-< 100 0.5 0.3 0.1 0.05 0.005 0.2 39
100-< 150 0.3 0.2 0.1 0.03 0.01 0.1 40
> 150 0.4 0.2 0.1 0.04 0.005 0.2 46

a States were selected to illustrate regional differences. In addition, the numbers in this table
have been rounded for the convenience of the reader. The precise numbers generated from NRI
data are the statistical summations of all acreage represented by sampling points; they should be
used for further technical analyses.
SOURCE: 1982 NRI.
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surface. Erosion control benefits are proportional to the degree of cover
left on the surface.

Figure 5-1 shows the variability in the degree of protection afforded by
conservation tillage practices. Sixty-six percent of the 100 million acres treated
with conservation tillage in 1982 had C-factor values between 0.1 and 0.30.
However, a considerable amount of the acreage reported in conservation tillage
had C-factor values that were as high or higher than those expected under
conditions resembling continuous plantings of corn, with the land plowed in the
fall or spring. This finding reflects the diversity of practices that can be
classified as conservation tillage, some of which leave limited residue cover.
Erosion control benefits on such lands are minimal. It also suggests a possible
need to more carefully define and use the term conservation tillage.

The committee believes that improved field estimates of surface residue
cover should be used in future NRIs. Surface cover, incorporated crop residue
(that near the surface), and roughness factors can be estimated and have a major
effect on C-factor values.

Figure 5-1
Distribution of C-factor values on cropland treated with conservation tillage,
1982.
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Regional variations in the distribution of conservation tillage practices are
shown in Table 5-2. For example, MLRA 103, located in southern Minnesota
and northern Iowa, contains about 14 million acres of cropland. Of that, about
13 percent was in conservation tillage in 1982. About 70 percent of the cropland
had an RKLS value of 10 tons/ acre·year or less, a very small potential for sheet
and rill erosion. About 12 percent of these nonerodible or slightly erodible acres
were treated with conservation tillage.

Ideally, the percentage of acres in a given MLRA treated with conser

TABLE 5-2 Four MLRAs: Distribution of Acreage by Crop, Potential Erosion Class,
and Conservation Tillage

Percent Acres in Potential
Erosion Class and in
Conservation Tillage a (RKLS
in tons/acre·year)

Crop and
MLRA

Cropland
(1,000
acres)

Conservation
Tillage (%
acres)

< 10 10-20 > 20

MLRA 103
Corn 7,162 14 69 (13) 18 (16) 13 (18)
Soybeans 5,854 13 72 (12) 16 (16) 12 (16)
Wheat 388 10 76(11) 17 (7) 8 (3)
Cropland 14,443 13 70 (12) 17 (15) 13 (16)
MLRA 105
Corn 3,166 28 13 (19) 15 (25) 72 (30)
Soybeans 198 15 31 (5) 21(19) 47 (20)
Wheat * * * * *
Cropland 5,820 23 11 (14) 12 (23) 77 (24)
MLRA 134
Corn 445 21 6 (14) 29 (15) 65 (24)
Soybeans 4,293 16 4 (9) 44 (13) 52 (19)
Wheat 552 23 2 (12) 33 (21) 65 (25)
Cotton 860 4 7 (3) 43 (7) 50 (3)
Cropland 7,469 14 4 (7) 44 (13) 52 (17)
MLRA 136
Corn 804 12 7 (8) 20 (20) 73 (10)
Soybeans 1,149 18 3 (12) 15 (11) 82 (20)
Wheat 744 18 3 (56) 14 (11) 83 (18)
Cropland 4,223 12 4 (17) 15 (11) 81 (12)

a Percent conservation tillage is given in parentheses.
* Number of sampling points too small.
SOURCE: Pierce et al., 1986.
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The soil is relatively undisturbed when the no-till method of conservation
tillage is used (Montgomery County, Maryland). The field will be sprayed for
grass and broadleaf weeds after planting. Erosion will be reduced to less than
one-tenth the rate expected from a comparable field under conventional tillage.
Credit: U.S. Department of Agriculture, Soil Conservation Service.
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vation tillage should increase significantly in land groups with
progressively higher inherent erosion potential. This is not the case in MLRA
103; it is true in MLRA 134 (the southern Mississippi Valley silty uplands of
Mississippi, Tennessee, and Kentucky), where the proportion of land treated
with conservation tillage increases substantially from 7 percent in the lowest
RKLS groups to 17 percent in groups with RKLS values greater than 20. These
and other regional variations demonstrate the existence of widely differing rates
of adoption of conservation tillage technologies on erosion-prone cropland.

Several studies based on 1977 NRI data indicated that much of the land in
conservation tillage had a modest potential for sheet and rill erosion before the
practice was adopted (American Farmland Trust, 1984). Two-thirds of the land
treated with conservation tillage in the Corn Belt in 1977 had an inherent sheet
and rill erosion potential of less than 20 tons/acre·year, which is below the
national average RKLS value of 21.7 tons/acre·year reported for all cropland.

Concentration of Sheet and Rill Erosion on Cropland

One of the most significant practical applications of the NRI is likely to be
new research leading to further documentation of the extent and geographical
characteristics associated with the concentration of excessively erodible land on
a relatively small portion of the land base.

The concentration of sheet and rill erosion was pronounced on land used to
produce close-grown crops in 1982. About 84 percent of that land (97.6 million
acres) had sheet and rill erosion rates less than 5 tons/ acre·year; only about 3
percent had rates greater than 15 tons/acre·year. It is important to note,
however, that much of the acreage planted to close-grown crops, wheat in
particular, is in areas where wind erosion is the chief soil conservation problem.
Nevertheless, land in row and close-grown crops that erodes at rates above 15
tons/acre·year accounts for more than 40 percent of the total sheet and rill
erosion of land in those uses.

Table 5-3 illustrates the relatively large proportion of cropland with
modest potential for sheet and rill erosion. About 277 million acres of cropland
and 133 million acres of the land used for row crops—about two-thirds of the
total acreage in these uses—had an inherent potential for sheet and rill erosion
of less than 15 tons/acre·year. Under average farming conditions (C-factor value
of 0.30, P-factor value of 0.91), sheet and rill erosion rates would average less
than 4 tons/acre·year on this land. The remaining 140 million acres of cropland
had an inherent potential erosion rate of more than 15 tons/acre·year; about 52
percent of that acreage was used for row crops.
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TABLE 5-3 Cropland Uses by RKLS Factor, United States, 1982 (million acres)

Potential
Erosion, RKLS
(tons/acre·year)

Row Crops Close-Grown
Crops

Hay Other Crops Total

0-< 5 44.8 38.0 12.0 19.4 114.3
5-< 10 56.7 28.0 6.5 13.5 104.8
10-<15 31.6 16.6 3.0 6.7 58.0
15-<20 18.1 9.3 2.6 4.1 34.1
20-< 20 10.8 6.1 1.5 2.4 20.8
25-< 30 7.3 4.2 1.4 1.8 14.7
30-< 35 5.4 2.9 1.0 1.3 10.5
35-<40 4.0 1.9 1.0 1.0 7.8
40-< 50 6.0 2.6 1.4 1.5 11.5
50-<75 8.9 3.2 2.1 2.3 16.6
75-<100 4.7 1.4 1.4 1.3 8.8
> 100 7.9 1.6 3.4 2.7 15.6
Total 206.3 115.6 37.5 58.1 417.5

SOURCE: 1982 NRI; adapted from Rosenberry and English, 1986.

The committee has given special attention to lands with extremely high
potential rates of sheet and rill erosion (50 tons/acre·year or more). About 41
million acres, or 9.8 percent of total cropland, falls into this highly erodible
category. On lands susceptible to high rates of sheet and rill erosion, it is
generally difficult and costly to devise effective conservation farming systems.

Implications for Policy and Program Administration

The 1982 NRI has advanced the understanding of the concentration of soil
erosion and the distribution and effectiveness of soil conservation practices. The
papers included in Volume 2 of Soil Conservation: Assessing the National
Resources Inventory are representative of analytic capabilities that are possible
using the 1982 NRI data. Their major conclusions have important implications
for government policy and programs and for the design of on-farm conservation
strategies and the mitigation of adverse offsite effects of erosion.

Because of state and federal budget constraints, new public and private
initiatives are needed to enhance the cost-effectiveness of soil conservation
investments.
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Targeting It is probable that traditional USDA conservation programs will
receive significantly less funding in the future. Budgets for technical assistance
and cost-sharing programs will probably remain near current levels in nominal
dollars.

Some states are considering ways to compensate for reduced federal
investment in conservation. For example, Missouri voters recently enacted a
special tax to generate income for conservation cost sharing (Johannsen, 1986).
Presentations based on analysis of data from the 1977 NRI were instrumental in
convincing the Missouri legislature of the merits of this special tax.

More reliable techniques should be developed for targeting public and
private soil conservation investments according to the potential to affect on-
farm productivity, offsite damages stemming from soil erosion, or both. In
particular, future targeting directed to onsite damages increasingly should be
based on indices of the relationship between erosion and productivity. Models
such as the Productivity Index (PI) and the Erosion-Productivity Impact
Calculator (EPIC) have the potential to quantify more precisely the physical and
economic effects of erosion damage and identify land that is acutely vulnerable
to erosion damage. Application in the field will require an appropriate data base
that includes information from soil surveys.

Soil conservation activities, public and private, should be systematically
targeted or concentrated—much like erosion—toward those lands that are
most susceptible to soil erosion damage or that contribute most significantly to
serious offsite pollution problems. The committee recommends that the USDA
expand the scope and shorten the timetable of targeting soil conservation
programs toward the most fragile cropland, rangeland, forestland, and
pastureland. Under current fiscal constraints it is likely that, to be effective,
targeting will need to be more selective than previously experienced in the
conservation field. If erosion is to be controlled, long-term land diversion
programs designed to convert highly erodible cropland into stable forage-or
forestry-based land uses are needed.

Erosion Reduction Goals Estimates of soil erosion are imperfect indicators
of actual on-farm or off-farm damage. A better understanding of erosion
processes is clearly desirable to enhance the ability to quantify and predict the
effects of different forms of erosion on soil productivity and environmental
quality. At the same time, increases in the sophistication of predictive models—
and the data bases necessary to apply them—often come at exponentially higher
costs.

The committee believes that the practical conservation benefits likely to
result from expanded data sets and new modeling exercises should
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be more systematically appraised in establishing budgetary priorities. The
sophistication and cost of some models have already become prohibitive for
national applications. Identification of the appropriate mix of research on the
fundamental process of erosion and the role of improved models and data for
future conservation policy and programs should be more clearly articulated to
maximize benefits from limited funds.

Modeling and data needs will change as the scientific understanding of
conservation needs changes. In the last few years, for example, optimism over
the success of conservation tillage in controlling erosion in many parts of the
United States has been tempered by concern and supported by very limited
information suggesting that conservation tillage, coupled with common
fertilizer and pest management practices, might increase the level of pollutants
entering ground and surface waterways. In response, however, considerable
research is currently under way to reduce the reliance on chemicals in
conservation tillage.

Careful analysis is needed to ensure that future NRIs, new empirical
models, and new methods will provide the information necessary to meet the
dual challenge of soil and water conservation, both qualitatively and
quantitatively. The committee believes that reducing erosion and enhancing soil
productivity while conserving water and protecting water quality in the broadest
sense must become the dominant objective in soil conservation policy.

The USDA and state conservation agencies should continue to emphasize
gross erosion reduction goals and accomplishments in program evaluation,
design, and administration. Whenever possible, erosion reduction goals
relating to productivity should be redefined in accordance with available,
reliable indicators of a soil' s susceptibility to erosion damages.

Recent work on productivity indices and the ways that erosion may
influence potential productivity losses over time is beginning to provide more
sound quantitative measures of the impact of erosion. The complexity and
variability of the processes were noted in Chapter 3. The ratio of inherent
erosion potential to estimates of soil loss tolerance limits proposed by the
USDA Fragile Soils Work Group has the merit of recognizing the importance of
including both erosion and a measure of productivity in an indicator of damage
potential. At the same time, uncertainties inherent in the estimates of T values
remain, and the ratios are surrogates rather than measures that attempt to
capture the impact of erosion on potential productivity over time. With
continuing research, these processes can be further refined. They should be
made an integral part of USDA program evaluation and management as soon as
possible.
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THE LAND CAPABILITY CLASS SYSTEM

For many years soil information has been collected for most of the
intensively cropped regions in the country through the National Cooperative
Soil Survey Program. Most of the acreage surveyed was assigned to one of
eight classes and four subclasses in the SCS Land Capability Class System
(LCCS), following subjective criteria and the judgment of regional experts. The
LCCS classes of land range from best (class I) to most limited for agricultural
production (class VIII). The numbers designate the severity of the problem for
crop uses. The letters e, w, s, and c indicate whether the problem is caused by
erodibility; wetness; stoniness, shallowness, or drought; or climate, respectively.

Like any classification system, the LCCS was designed to satisfy specific
objectives. The variables selected and the range of classes were dictated by the
objectives and the scale of intended use. Interest was focused on a number of
factors related to agricultural production. The LCCS is a valuable tool, but it
was not designed to provide quantitative estimates of either actual or potential
erosion rates. In addition, when this system is used, it is often difficult to
distinguish the physical characteristics of the land at the time of mapping from
the effects of management practices that have been used in previous years. The
committee does not focus on the broad, possible uses of the LCCS, but only on
limitations of the LCCS specifically related to the delineation of erosion and
alternative approaches that might better meet this objective.

By using the erosion data in the 1977 and 1982 NRIs, particularly the
USLE information, land management practices can be taken into account.
Analyses of 1977 and 1982 NRI data raise questions about the utility of the
LCCS for applications involving the calculation of erosion rates before or after
applications of soil conservation practices. The LCCS has been used for more
than 30 years; alternative schemes might be better suited to contemporary
applications concerned with land erosion and conservation management.

Factors of Inconsistency

Several factors probably contribute to LCCS incongruities with respect to
inherent potential and actual erosion rates. The system was essentially devised
and implemented prior to the development of quantitative methods of
estimating erosion in the field. Another important source of variation within the
system is the local, subjective nature of LCCS determinations by SCS field
personnel. When the system was developed 50 years ago, there was no need for
categories of land group
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ings that would be consistent across the country. However, the marked variation
in erosion conditions, even within localized areas such as MLRAs, remains
today.

The LCCS was devised to categorize land according to its physical
characteristics, without taking into account management practices such as
conservation tillage in use at the time of classification. For the purposes at hand,
the LCCS could be improved by reclassifying soils according to estimates from
the soil erosion equations. This could be accomplished by basing
reclassification on the USLE and Wind Erosion Equation (WEE) factors that
reflect unchanging climate and soil characteristics: the RKLS product for sheet
and rill erosion and the I, C, and L factors for wind erosion. The NRIs provide
very useful information for updating LCCS classifications and developing
alternative classification schemes.

Rates of Erosion: A Basis For Classification

The observation that suggests a need for a new land classification scheme
emerged from analysis of the distribution of erosion rates on land classified
within given LCCS land classes and subclasses, which was reported by
Heimlich and Bills (1986). They found that there is a wide variation of erosion
and inherent erosion potential on lands classified within the same class and
subclass. This is true for most regions and throughout the country. Moreover,
land categorized within specified ranges of potential erosion—with RKLS
products between 20 and 30, for example—also is often erratically distributed
across several different land classes and subclasses in the LCCS.

For example, about 59 million acres of the total cropland acreage were
classified in LCCS class IIIe in the 1982 NRI (Table 5-4). Cropland classified
as IIIe is generally considered suitable for intensive cultivation, with
appropriate conservation measures. Surprising variation, however, is found in
NRI values for the inherent potential for sheet and rill erosion on class IIIe land
nationwide. Land within that class (and others) differs substantially in its
vulnerability to erosion.

At one extreme, class IIIe cropland includes about 21 million acres that
have an inherent erosion potential (RKLS product) of less than 10 tons/
acre·year, according to 1982 NRI data. Wind or ephemeral gully erosion might
be significant problems on some of this land; however, sheet and rill erosion are
not. Under average management conditions (represented by a C-factor value of
0.30) average annual erosion rates of less than 2 tons/acre·year would be
expected.

This class IIIe acreage with a low erosion potential contrasts dramati
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cally with another 11 million acres, also classified IIIe, that has an RKLS
value of more than 60 tons/acre·year. Farmed under average conditions, this land
—18 percent of the total IIIe class—would erode at rates of 15 tons/acre or
more annually.

U.S. cropland classified as IIIe would exhibit large variations in sheet and
rill erosion rates under comparable cropping and management conditions. The
climatic and physical characteristics that affect sheet and rill erosion, as
reflected by the RKLS product, are not homogeneous within the LCCS class
IIIe nationwide. Similar variability in inherent sheet and rill erosion potentials is
observed within all land capability classes and within most subclasses.

The committee considered the hypothesis that wind and ephemeral gully
erosion problems might explain why cropland with low RKLS values might be
classified as IIIe. The NRIs offer no insights into the ephemeral gully erosion
question, because the inventories do not contain estimates of that form of
erosion (see Chapter 3). The committee believes that it is unlikely that
ephemeral gully erosion accounts for much of the classification discrepancy,
because the severity of ephemeral gully erosion also appears to be correlated
with slope gradient, slope length, and rainfall—critical factors in the USLE.

However, the presence of wind erosion problems on class IIIe crop-land
can be investigated through the NRIs. Analyses of the 1977 NRI indicate that
wind erosion often is a problem on land that has a low RKLS value and is
located mainly in the western United States (American Farmland Trust, 1984).
The critical USLE factor in this combination is R (rainfall), the value of which
is very low in areas prone to heavy wind erosion.

Regional Analyses

Wind erosion probably plays a minimal role in accounting for LCCS
inconsistencies according to actual rates of erosion; the inconsistencies are also
evident in several MLRAs where wind erosion has never been a significant
problem.

Comparisons of the highly erodible acres in a given region by subclass
show similar inconsistencies. For example, serious erosion problems exist in
MLRA 136, the southern Piedmont of the southeastern United States, when row
and close-grown crops are produced on land that has sheet and rill erosion rates
in excess of 60 tons/acre·year. Yet, as indicated in Table 5-5, more land with an
RKLS product greater than 60 tons/acre·year is classified as class IIe than as
class IVe (185,000 compared with 109,000 acres, respectively). Subclasses IIe
and IIIe com
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bined have almost four times as much row and close-grown cropland in the
60 tons/acre·year and over RKLS group than is reported in class IVe.

Recent SCS staff reports have investigated the usefulness of the LCCS to
define erosion potential on cropland with data from the 1982 NRI for 17
MLRAs. One study (Lee and Goebel, 1984) divided 97.5 million acres of
cropland into four groupings, following the RKLS-based system developed by
Heimlich and Bills (1986). The analysis found considerable variation in RKLS
values for individual land capability classes. For example, about 64 percent of
the class IIIe cropland acreage in the 17 MLRAs studied (about 10 million of
15.8 million acres) had an inherent erosion potential exceeding 50 tons/
acre·year and estimated erosion rates greater than 5 tons/acre·year. About 4.7
million acres (80 percent) of the 5.9 million acres classified as IVe fit this
category. About 18 percent of the class IIe cropland (3.9 million acres) also fit
this RKLS-based definition of highly erodible. Thus, the definition highly
erodible based on the LCCS would inappropriately classify a considerable
portion of cropland. Some land that belongs in this category would be excluded,
and some land with effective erosion control would be included.

These observed incongruities do not seriously compromise the usefulness
of the LCCS as a tool for farm-level conservation planning. A major value of
the system is that the subclass e designation signals the landowner and the
conservationalist that there is a need for some type of soil conservation
treatment. Typically technicians from the SCS or local conservation districts
present the land owner with conservation options, tailored to specific fields, that
would control erosion to varying degrees at varying costs. This type of planning
usually involves estimation of the sheet and rill erosion rates that would be
expected before and after the use of select conservation practices. Accordingly,
conservation planning generally reflects particular field conditions, regardless
of the existing LCCS classifications.

Changes in Land Use

Based on the committee's review of data on the inherent erosion potential
of cropland and the distribution of conservation practices, it is clear that new
policies and programs deserve study. In addition, new initiatives might be
needed to discourage conversion of more erosion-prone cropland to cultivated
uses. The committee believes that more attention should be directed toward
encouraging desirable land use changes in shaping cost-effective future policies.
The maintenance of permanent vegetative cover on land with a high potential
for sheet, rill,
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and wind erosion should figure prominently in future program design,
especially during periods of surplus production.

Because of the concentration of soil erosion on the acreage supporting
major crops, including wheat, feed grains, soybeans, and cotton, the committee
suggests that permanent vegetative cover be used as a tool for conservation
strategy. As shown earlier in Table 5-3, a relatively small portion of cropland
has very high levels of inherent potential for erosion. Effective conservation
systems on such lands are often prohibitively expensive; thus, the land may be
unsuitable for intensive crop production—from a resource management
perspective.

Furthermore, such land generally provides lower and more variable yields,
even if well-designed soil conservation and other management practices are
applied. Recent analysis of pastureland, hayland, and other land converted to
cultivated crop uses between 1979 and 1981 indicates that about 19 percent of
this land (about 2.1 million acres) is highly erodible (Heimlich, 1985).
(Heimlich defines highly erodible land as land that erodes above its tolerance
value, even under the best management; this is a condition that is assumed to
reflect adoption of the most effective, feasible conservation system.) In contrast,
7.1 percent of all cropland, nearly 30 million acres, meets this definition of
highly erodible. When in stable grass or forestry uses, these lands generally
erode at very low rates, about 1 to 3 tons/acre·year.

Permanent vegetative cover might be used as a conservation option on
particular lands.

ALTERNATIVE LAND CLASSIFICATION SCHEMES

Enormous pressure exists today to substantially reduce federal farm
program expenditures that have cost over $15 billion annually in recent years
and are projected to remain over $10 billion annually throughout the next
several years. Several options to reduce these program costs through new
conservation initiatives have been studied.

One option, the so-called sodbuster provision that was proposed as part of
the 1985 Farm Bill, would deny specific USDA program benefits to farmers
who cultivate highly erodible land that has not been cultivated for a period of
five years. Another option, the conservation reserve, would offer land rental
payments to farmers who voluntarily retire erosion-prone land currently in
cultivation and put it to long-term, soil-conserving uses.

Findings from analyses of the NRI data illustrate the high levels of erosion
concentrated on limited land areas. To make the adoption of such options more
administratively feasible and more cost-effective,
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the committee concludes that an alternative land classification system should be
developed that more accurately classifies cropland according to its
susceptibility to erosion and erosion-induced damages.

PROPOSED OPTIONS TO THE LCCS

National and regional analyses of the 1982 NRI demonstrate that the
choice of a land classification scheme and criteria are of critical importance in
considering new conservation policy initiatives. The committee believes that the
1982 NRI—the USLE data, in particular—constitutes an adequate technical
basis for the design and implementation of alternative classification schemes.

A number of new schemes have been proposed in recent years, based on
combinations of the factors in the USLE, soil loss tolerances, or the WEE
(Heimlich and Bills, 1986). The committee recognizes that these are among a
number of possible options that could be formulated. They are noted here
because they illustrate the kinds of information needed, the element of judgment
involved, and the degree to which the geography and size of areas designated in
various erosion classes depends upon the data and equations used.

One approach, originally advanced by the American Farmland Trust,
categorizes land into one of three groups based upon progressively higher
ranges of inherent potential for sheet and rill erosion (RKLS value) and
proposes comparable groupings based on the potential for wind erosion.
Another system, developed by Heimlich and Bills (1986), uses RKLS ranges
that differ from those in the American Farmland Trust system and different
assumptions regarding C-and P-factor values.

Table 5-6 contains a comparison of the total cropland acreage that would
be considered highly erodible nationwide under several alternative systems.
Depending on the criteria and system applied to the 1982 NRI, analyses showed
that between 24 million and 89 million acres of cropland would be considered
erosion prone, or highly erodible. The scheme under most intensive study by
USDA would include between 32 million and 65 million acres of land
considered eligible for a conservation reserve program, depending upon
whether the criterion is RKLS/T > 10 or RKLS/T > 15 and whether the actual
erosion exceeds twice the relevant soil loss tolerance limit (D. G. Burns, USDA,
personal communication, 1985).

The USDA approach improves upon RKLS-based systems only to the
extent that T-factor values accurately reflect a soil's susceptibility to erosion.
Notwithstanding the known shortcomings of T values, as
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noted earlier, the committee believes that the inclusion of concepts relating
potential erosion to productivity is a step in the right direction. However,
improved calculations of T values, incorporating the results of the PI and EPIC
models, are needed. In particular, the common range of T-factor values
(currently 2 to 5 tons/acre·year) should be refined in accordance with the true
susceptibility of soils to erosion-induced productivity losses. Improving the
accuracy of the relationship will improve such classification schemes.

TABLE 5-6 Acreage of Highly Erodible Cropland as Calculated Under Alternative
Land Classification Criteria
Option Land Classification Criteria Acres (million)

USLE > 2T 50.9
WEE > 2T 35.4
LCCS
(IVe, Vie, VIIe, VIII) 49.4

AFTa RKLS > 75 24.0
RKLS/T or CI/T > 10 89.0
RKLS/T or CI/T > 15 49.7

USDA RKLS/T or CI/T > 10, eroding > T 64.6
RKLS/T or CI/T > 10, eroding > 2T 52.7
RKLS/T or CI/T > 15, eroding >T 36.9

USDA RKLS/T or CI/T > 15, eroding > 2T 32.0

a American Farmland Trust.
SOURCE: Based on 1982 NRI data.

An advantage of the proposed USDA system is that it can be developed
and implemented for most policy purposes by using existing information in soil
surveys and the 1982 NRI, supplemented by minimal field work. In addition,
improvements in the system—such as those expected from improved estimates
of the relation of erosion to potential productivity—can and should be readily
incorporated into the system without requiring new policies or altering the
impact of new conservation policy initiatives.

The committee believes that further analysis is needed to fully evaluate the
suitability of alternative land classification schemes used to identify highly
erodible or fragile lands, particularly in relation to policy initiatives. Improper
classification of croplands could seriously undermine the effectiveness of a
program initiative. For example, confidence limits must be calculated for NRI
acreage estimates at the MLRA and smaller levels of aggregation. The
geographic distribution of land that would be subject to alternative definitions
should be assessed. The
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implications of a provision that would exempt land cultivated even once during
a designated grace period from sodbuster sanctions requires additional study.

Similar concerns arise in consideration of conservation reserve programs.
Like the sodbuster provision, to the extent that erosion is of major concern, the
eligibility criterion for placing land into a conservation reserve should employ a
land classification system based on the inherent potential and actual erosion of
the land rather than a land capability class and subclass designation.

Classification schemes based on erosion equations are imperfect. Their
basic shortcoming is that gross erosion rates do not always accurately reflect the
effects of erosion on soil productivity or the degree of offsite damages from
erosion. Ideally, future classification systems for erosion hazards can be based
on more explicit criteria, such as PI and EPIC model results. In addition, similar
explicit criteria will be needed to classify land, at least in part, according to its
potential to cause nonpoint pollution problems.
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NOTES TO APPENDIX

1. The Federal Information Processing Standard (FIPS) code identifies the state and
county in which the sample point falls.
2. The Primary Sample Units (PSUs) compiled by the Iowa State University Statistical
Laboratory were located by field personnel on aerial photographs. The PSUs were then
examined to determine if the inventory could proceed based on existing soil surveys or if
old surveys should be updated or new surveys made. Boundaries of the PSUs were
transferred to the most recent aerial photograph on which soil characteristics had been
mapped.
3. Most PSUs have three sample points, although smaller (40-acre) PSUs have only one.
The locations of these points were given on a gummed label sent from the Iowa State
University Statistical Laboratory. Two coordinates were given to locate each point.
4. Internal SCS code for use with time and progress reporting system.
5. The United States is divided into 156 Major Land Resource Areas (MLRAs), some of
which are further divided into subareas denoted by letters (i.e., MLRA 83A is the
northern Rio Grande Plain, 83B is the western Rio Grande Plain, and so forth).
6. Expansion factors were assigned by the Iowa State University Statistical Laboratory.
This factor specifies the number of acres that the sample point represents for
constructing acreage estimates for categories in which the point falls. Fields 8 to 39, 41,
and 43 to 76 describe characteristics of the point. When estimated erosion rates are
expanded to geographic aggregates larger than the land represented by the sample point,
use fields 40 and 42.
7. The Land Capability Class System (LCCS) is described in Agriculture Handbook No.
210, SCS, USDA.
8. Prime farmland is land that has the best combination of physical and chemical
characteristics for producing food, feed, forage, fiber, and oilseed crops and is also
available for these uses (the current use could be cropland, pastureland, rangeland,
forestland, or other land, but not urban built-up land or water). Specific criteria for prime
farmland are given in the Federal Register, Vol. 43, No. 21, January 31, 1978.
9. Degree of erosion: (1) None or slight—Accelerated erosion has not greatly altered the
thickness and character of the A horizon. There may be a few rills, some deposits of
windblown sediment near plants or clods or places with thin A horizons that indicate
slight accelerated erosion is taking place. (2) Moderate—Accelerated erosion has
reduced the thickness and character of the A horizon. In cultivated areas, erosion has
removed enough of the original A horizon so that tillage or other implements have mixed
the original A horizon and underlying horizons. In uncultivated areas, approximately 25
to 75 percent of the original surface soil has been removed by erosion from most of the
area. There may be a few shallow gullies, scoured or blown-out areas, or evidence of soil
drifting. (3) Severe—The soil has been eroded to the extent that all or practically all of
the original surface soil has been removed. The surface layer consists essentially of
materials from the B horizon or other underlying horizons. Severe gullying, scouring,
drifting, or dune development is included.
10. Yes is answered if past erosion had changed land formerly suitable for cropland to
marginally suitable or unsuitable for cropland use. This question was answered for all
land uses and types of vegetative cover.
11. A saline soil interferes with the growth of most crop plants, because of high salt
content. An alkali soil reduces the growth of most crop plants because of high sodium or
high salt and sodium. Such soils require special management practices and measures for
reclamation.
12. Flood-prone areas adjoin rivers, streams, watercourses, bays, lakes, alluvial fans and
plains, or other areas that in the past have been covered intermittently by floodwater or
could be expected to be flooded in the future. Upland depressions are not included.
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Flood-prone areas are the approximate areas subject to inundation by a flood having an
average recurrence interval of once in 100 years (floods having a 1 percent chance of
occurring in any given year). The area was to be determined on the basis of sound
engineering analyses where available and on interpretative analyses where engineering
analyses are not available. Sources of information included studies by the SCS, the
Corps of Engineers, and the U.S. Department of Housing and Urban Development and
maps prepared by the U.S. Geological Survey, the Tennessee Valley Authority, and the
National Oceanic and Atmospheric Agency.
13. General land cover/use in 1982 is coded in field 20 as follows: A, cropland/hayland;
B, pastureland, native pasture; C, rangeland and tundra; D, forestland; E, other land in
farms; F, barren land; G, other lands; H, urban and built-up, small built-up; I, rural
transportation; J, water, census; K, water body, smaller than 40 acres. In cases where the
point fell on a land cover/use boundary, field personnel first tried to identify the land
cover/use to the north of the point. If this also was a boundary, the land cover/use to the
east of the point was recorded. The same rule was applied if the point fell on a fence row
or a narrow waterway.
14. Field 21 contains the next level of land cover/use classification, an alphabetic code
for major land cover/use. The letter A will appear in this field for all pastureland and
native pasture, rangeland and tundra, forestland, other land in farms, barren land, other
lands, rural transportation, and census-sized water areas. For cropland, urban and built-
up land, and small water bodies, however, field 21 will contain one of the following
alphabetic codes for major land cover/use. For cropland: A, horticultural crops; B, row
crops; C, close-grown crops; D, hayland; E, other. For urban and built-up: A, urban/built-
up (less than 10 acres); B, small built-up (0.25-10 acres). For water body: A, water body
smaller than 40 acres; B, small perennial stream.
15. This and other codes can be found in the 1982 NRI field documentation guide (SCS,
USDA).
16. The numeric code entered in this field reflects the primary or dominant use of land,
regardless of land cover/use recorded above. For example, in a rural park, the land cover/
use item may be forests, not grazed (coded 342 in field 22), but the use of the land would
be recorded as recreation (43) in field 23.
17. Fields 24, 25, and 26 specify land cover/uses for 1981, 1980, and 1979, respectively.
The same codes are used here as in field 22 (see note 15). For example, if the land was in
continuous rangeland cover/use, the numeric code 250 would appear in each of these
fields. A 1979-1981 cropping history of corn, soybeans, and corn would be coded in
these fields as 011, 013, and 011, respectively. Information on crop rotations was used in
the Wind Erosion Equation and Universal Soil Loss Equation (USLE). Including the
entry for the current (1982) crop, four years of cropping history are available altogether.
18. This field applies to cropland that was used for horticultural, row, or close-grown
crops. No was entered for all other land cover/use codes, including water. If information
for the current year (1982) was limited, the entry reflects a history of double-cropping in
the field for two or more years out of the last four years. Hay and pasture was not
considered double-cropped.
19. Fields 28 to 30 record up to three conservation practices in use in 1982. The practices
must have been applied to the area in which the point fell or in the portion of the field
surrounding the point that would be used for conservation planning. The point need not
have fallen on the specific practice to be recorded. For example, if a point fell on a
farmstead that had a farmstead and feedlot windbreak, code 380 should appear in field
28. If none of the listed practices were encountered, 000 should be entered for each field.
If only one practice was in use, it is coded in field 28 and the other fields should show
000. Whenever terraces are coded (600) for one field, it is presumed that contour farming
was in use, so code 330 should appear in another of the three fields.
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20. The data were obtained for the area in which the point fell or for the portion of the
field surrounding the point that would be used in conservation planning. Conservation
needs were based on the judgment of a qualified specialist or technician as guided by the
local technical guide, prevailing agricultural operations, and the practical bases and
guides used and exercised in the development of conservation plans. Primary or
dominant treatment needs were recorded. Field personnel were instructed to give erosion
control treatment needs priority over other needs such as treatment to increase wood or
forage production.
21. Fields 32 to 37 contain values for the six factors in the USLE. Instructions referred
field personnel to local technical guides, SCS Technical Service Center publications, and
Agriculture Handbook No. 537 (December 1978) for detailed explanation of factors in
the USLE. Determinations were made for the field in which the point fell or the portion
of the field surrounding the point that would be used in conservation planning.
Field 32: K factor. The erodibility factor for the soil series. Specialists were to estimate
K factors for mapping units that were complexes, associations, undifferentiated units, or
miscellaneous land types or for mapping units above the soil series level.
Field 33: R factor. The current rainfall factor map was used. Where appropriate—mainly
in the Pacific Northwest—a thaw-snowmelt adjustment was included. This adjustment is
encoded in field 38.
Field 34: C factor. The cropping management factor reflects crop sequence and residue
for cropland. Areas in pastureland, rangeland, and forestland cover/uses reflect a
different extension of the factor than cropland. Percent ground cover was determined
from a perpendicular view.
Field 35: P factor. The value for the erosion control practice factor was entered from
Tables 13,14, and 15 of Agriculture Handbook No. 537. If the value in this field is less
than 1.0, the value and then a code of either 330 (contour farming) or 585 (contour
stripcropping) should be entered in fields 28 to 30.
Field 36: Slope length. The length of slope (in feet) through the point. On terraced land,
the distance between terraces was entered. Slope length is the distance from the point of
origin (whether on or off the PSU) of overland flow to either of the following: (1) the
point where the slope decreases to the extent that deposition of sediment begins or (2)
the point where runoff enters an area of concentrated flow or a channel.
Field 37: Percent slope. Rounded to the nearest percent on slopes greater than 1 percent
and to the nearest 0.1 percent on slopes of less than 1 percent. Zero should not appear.
Slope percent was measured on the segment of the land form on which the point fell and
in the direction that water would flow overland.
22. Fields 43 to 47 are coded 99 if the land at a sample point was urban and built-up,
rural transportation land, water, or had a land cover/use of cropland; capability class and
subclass VIIe, VIIw, or VIIs; or capability class VIII. If the point is not coded 99,
personnel determined the dominant reason that would inhibit or prevent conversion of
the land to cropland.
23. The same code as used in field 25 is used here to record secondary soil and water
problems that would inhibit or prevent conversion of land to cropland.
24. Other reasons that would inhibit or prevent conversion of land to cropland were of a
social, economic, or environmental nature.
25. The type of effort necessary for conversion to cropland was determined to provide a
relative measure of the magnitude and time that might be involved in converting land to
cropland.
26. Upon completion of the determinations encoded in fields 25 to 28, SCS personnel
met with representatives from other agricultural agencies in the county, including the
Agricultural Stabilization and Conservation Service, Economic Research Service,
Farmers Home Administration, and the Forest Service. The group determined for each
point the
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potential for conversion to cropland within the forseeable future (10 to 15 years).
Determinations were based on commodity prices, development costs, and production
costs for the year prior to the current year. High potential was to be assigned in cases
where similar land had been converted to cropland during the preceding three years.
Lands held for urban or related development were excluded from medium and high
potential.
27. A riparian area was defined as the bank, shoreline, or edge of the rising ground
bordering a natural or constructed watercourse or a water area (lake or tidal area, for
example). Riparian was not limited to natural areas.
28. Fields 54 to 62 contain data with which to relate wildlife habitat to land cover, use of
an area, and diversity of an area in which the sample point fell. For fields 54 to 59, 0 was
entered if the point fell in the respective diversity types. Diversity was not shown beyond
5,280 feet (1 mile) from the sample point. If a given diversity type either did not exist or
was beyond 5,280 feet, the field should be coded 9999.
29. Definition of codes for rating pastureland and native pasture are as follows:
2—Good. Best suited plants are being used. There is moderate-to high-level fertility and
good to excellent grazing management. Grazing is at an intensity for maximum plant
production and vigor.
3—Fair. A moderate level of management is being used. Plants are adapted to climate
and soils but not necessarily for the best designated use. Grazing is at an intensity that
limits production to moderate levels. Erosion is minimal. Fertilization is irregular and
unplanned. A continuous grazing system is in use.
4—Poor. There is improper pasture use or a low level of management, or plants are not
well suited to climate and soil. The soil has a low fertility level and evidence of erosion.
Brush management may be necessary.
9—Not applicable. Production is by native species not routinely fertilized, over-seeded,
or irrigated.
30. The point was considered forestland if trees were recently harvested but not currently
stocked or committed to some other use.
31. In Chapter 2 the committee recommends that a supplementary tape be issued
containing the Soils-5 identification code and that future inventories contain these data.
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Index

A

Aggregate-level research, 68
Agricultural Research Service, 25, 41, 68,

72
Agricultural Runoff Model, 53
Agricultural Stabilization and Conserva-

tion Service, 41
Agricultural Department (USDA), xv, 19,

30.
See also Soil Conservation Service

B

Bureau of Land Management, 30

C

C (correction) factor, WEE, 54, 57
C (vegetative cover and management)

factor, USLE, xviii, 37-38, 40 -52, 78
Chemicals, Runoff, and Erosion from

Agricultural Management Systems ,
53

Clean tillage, 16
Concentrated flow erosion, 34.

See also Ephemeral gully erosion
Conservation Needs Inventory, 4
Conservation practices, xvi

contour farming, 16, 38, 53
conservation tillage, 16, 47-48, 60, 76,

78-81, 84
distribution and effectiveness, 16-18,

53, 75-76
ephemeral gully erosion, 60
erosion reduction goals, 83-84
grassland waterways, 36, 53, 59, 60
minimum tillage, 16
no-till farming, 16, 50, 53
NRI applications, 3, 82

P factor, 36, 38
permanent vegetative cover, 90-91
stripcropping, 16, 36, 38, 53
targeting of activities, 83
terracing, 16, 36, 38, 53, 60
water contamination problems, 32

Conservation reserve program, 6, 91, 92, 94
Conservation tillage

definition, 16
distribution and effectiveness, 16,

47-48, 76, 78-81
ephemeral gully erosion, 60
water quality concerns, 84

Contour farming, 16, 38, 53
Cooperative State Research Service, 68
Corn Belt, 11, 12, 76, 77, 81
Corn production, C factor, 45
Cropland, 8

C factor, 40, 45
class IIIe, variations in erosion potential,

86-88
concentration of erosion, 13-16, 81-82
erosion rates, 8, 11, 12
land converted to, erosion and productiv-

ity problems, 90-91
T values, 9

D

Data compilation and dissemination
additional data requirements, xix
distribution of NRI computer tapes, 25-26
presentation of published data, 23-25
remote sensing information, xix-xx,

26-30
statistical documentation needs, 21-23
supplemental NRI data, xvii
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upgrading SCS inventory and monitor-
ing functions, 21

water quality data, 3-4, 31-33
Defense Department, 30
Drinking water, xix

E

Economic Research Service, 41, 68, 72
Energy Department, 30
Environmental Protection Agency, 4, 30
Ephemeral gully erosion

control methods, 60
definition, 34-35, 59
estimation methods, 59-60
extent and magnitude of, 60
and land classification discrepancies, 88
NRI applications, xvi-xvii, xix
research needs, 60-61

Erosion effects, 62
long-term production costs, 64-66
long-term productivity, 67-68
short-term production costs, 63-64
social costs, 72
technological change and, 66-67
water quality, 72-74

Erosion Productivity Impact Calculator
(EPIC), 53, 69, 72, 83, 93

Erosion-productivity models, xviii, 52-53,
68-69, 74, 84

EPIC, 53, 69, 72, 83, 93
PI, 53, 69-71, 83, 93

Erosion-productivity relationship, xviii,
xix, 3

Erosion Reconnaissance Survey of 1936, 1
Erosion studies, 34

erosion prediction equations, xvi-xvii
erosion trends, 1979-1982, 2
highly erodible land, definition, 91
historical perspective, xiii-xiv
NRI applications, xvi
soil formation and loss rates, 8
See also National Resources Inventory

(NRI), 1982
Extension Service, 68

F

Farm program expenditures, 91
Federal lands, NRI extension to, xv, xix,

30-31

Forest Service, 30, 41
Forestland, 4, 8

C factor, 45
erosion rates, 8, 11

Fragile Soils Work Group, USDA, 59, 84

G

Georgia, 76, 77
Grassed waterways, 36, 53, 59, 60

H

Hay cropland, 38, 40, 91
Hydrogeological data base, xvii
Hydrologic Simulation Program in For-

tran, 53

I

I (soil erodibility) factor, WEE, 54, 57
Inherent erosion potential, 40-41
Interior Department, 30
Inventory function, SCS, 19, 20
Iowa, 11, 12, 76, 77
Iowa Geological Survey, 32
Iowa State University, 23

K

K (soil erodibility) factor, USLE, 36-37
K (soil ridge roughness) value, WEE, 55

L

L (length of slope) factor, USLE, 36, 37
L (unsheltered distance) factor, WEE, 55
Land Capability Class System (LCCS),

43, 85-94
class IIIe, variation in erosion potential,

86-88
description, 23, 85
improvement recommendations, 86
limitations and inconsistencies, 85-86
proposed alternatives to, 91-94
regional analyses of inconsistencies,

88-90
usefulness in conservation planning, 90

Land classification schemes, xvi
according to erosion rates, 3, 23, 41, 92
according to wind erosion hazard, 59, 92
proposed systems, 92-94
shortcomings, 94
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M

Major Land Resource Areas (MLRAs), 41
MLRA 103, 42, 50, 70, 71, 79, 81
MLRA 105, 42, 50, 71, 79
MLRA 108, 70, 71
MLRA 109, 71
MLRA 113, 71
MLRA 115, 70, 71
MLRA 134, 42, 79, 81
MLRA 136, 42, 50, 79, 88, 89

Megarill erosion, 34.
See also Ephemeral gully erosion

Minimum tillage, 16
Minneapolis, 57
Missouri, 26, 83
Models. See Erosion-productivity models
Monitoring function, SCS, 19, 20
Mulch-factor value, 45-47

N

National Cooperative Soil Survey Pro-
gram, 85

National Oceanic and Atmospheric
Administration, 4, 30

National Resources Inventories (NRIs),
19-33

cost considerations, 20
distribution of computer tapes, 25-26
extension to federal lands, xv, xix, 30-31
improvement recommendations,

overview of, xiv-xx, 19-20, 78
presentation of published data, xvii,

23-25
sensing technologies use in, xix-xx, 26-30
statistical documentation needs, 21-23
upgrading SCS inventory and monitor-

ing functions, 21
water quality issues, 31-33

National Resources Inventory (NRI),
1977, 1, 83

data publication, xvii
1982 NRI data compared, 4-5
sheet and rill erosion data, 81
Soils-5 file linkage, 26
wind erosion estimates, 54, 56, 88

National Resources Inventory (NRI), 1982
concentration of erosion, 13-16
content and methodology, xiv, 1-2, 19,

98-108
cost, 1

data publication, xvii, 24
identification of needs and opportuni-

ties, 3
land use data, 7-8
LCCS inconsistencies, 85-94
1977 NRI data compared, 4-5
soil classification according to erosion

rates, 3
soil conservation practices on cropland,

16-18, 75-76
soil erosion rates, 8
Soils-5 file linkage, 26
T values, 8-12
as tool for research and policy analysis,

6-7, 82
trend analysis, 2
water quality issues, 3-4, 73-74
wind erosion estimates, xvi, 54-56

National Technical Centers, SCS, 23
Nitrate contamination, xix, 4
Nonpoint Source Model, 53
No-till farming, 16, 50, 53

O

Ohio, 77

P

P (supporting conservation practices) fac-
tor, USLE, 36, 38, 40

Pastureland, 11, 91.
See also Rangeland

Policy options, xvi, 4, 6-7, 82
conservation reserve, 6, 91, 92, 94
erosion reduction goals, 83-84
sodbuster provision, 6, 91
targeting of conservation activities, 83

Production costs. See Erosion effects
Productivity index (PI) model, 53, 69-71,

83, 93

R

R (rainfall) factor, USLE, 36, 88
Rangeland, 8

C factor, 48
erosion rates, 8, 11, 12
federalland, NRI extension to, 31
T values, 9, 11
USLE unsuitability to, 36

Reduced tillage, 16
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Remote sensing, xix-xx, 26-30
Resource Conservation Act (RCA), 72

C factor, 40, 45, 50
concentration of erosion, 13-16, 81-82
effects on erosion, xviii
erosion rates, 8

Runoff, xix, 32, 36

S

S (steepness of slope) factor, USLE, 36, 37
Science and Technology Policy, Office,

of, 30
Sheet and rill erosion

class IIIe cropland, 86-88
concentration of, on cropland, 13,14,

81-82
inherent erosion potential, 40-41
NRI applications, 3
rates, 8, 11, 12
T value relationship, 11
See also Universal Soil Loss Equation

Sodbuster policies, 6, 91
Soil and Water Resources Conservation

Act of 1977, 1, 19-20
Soil Conservation Act of 1935, xiii
Soil conservation reserve, 6, 91, 92, 94
Soil Conservation Service (SCS), xiii, 1

distribution of computer tapes, 25-26
EPIC model, 72
erosion-productivity research, 68
guidelines on inherent erosion potential,

41
presentation of published data, 24-25
statistical documentation needs, 21-23
upgrading of inventory and monitoring

functions, 19, 20
USLE improvements, 53

Soil loss tolerance limits (T), xviii, 8-12
Soils-5 file, xvii, 3, 69

NRI linkage, 25-26
Statistical documentation needs, 21-23
Stripcropping, 16, 36, 38, 53
Surface runoff, xix, 32, 36

T

T (tolerance) values, xviii, 8-12, 84, 93
Technological change

erosion effects and, 66-67
Terracing, 16, 36, 38, 53, 60

U

Universal Soil Loss Equation (USLE),
xvi, xvii, 19, 24, 34-53

C-factor values, uncertainties associated
with, 44-48

C factor, role in controlling erosion,
41-44

ephemeral gully erosion, 59
improvement recommendations, 48,

52-53
mulch-factor value, 45-47
1982 NRI values, 38-41
sheet and rill erosion applications, 34, 35
simulated erosion rates, 48-52
variables defined, 36-38
water pollution problems, 74

U.S. Geological Survey, 4, 30, 32

V

V (vegetative cover) factor, WEE, 55
Vegetative cover

C factor, USLE, xviii, 37-38, 40-52, 78
as conservation practice, 90-91
grassed waterways, 36, 53, 59, 60

W

Water pollution
erosion damage, 72-73
NRI applications, xviii-xix, 3-4, 25,

31-33, 73-74
Wind erosion, 81

concentration of, on cropland, 13, 15, 16
and land classification discrepancies, 88
NRI estimates, xvi
rates, 8
T value relationship, 11

Wind Erosion Equation (WEE), xvi, xvii,
xix, 19, 24, 26, 34, 54-59

improvement recommendations, 56-59
limitations, 56
variables defined, 54-55

Y

Yield Soil Loss Simulator, 72

INDEX 114
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