COMPUTERIZED CALCULATIONS
FOR CONSERVATION PLANNING
Revisions to the universal soil loss equation improve
descriptions of conditions in modern farming systems
Kenneth G. Renard
Editor's Note: Soil and wind ero
sion are complex processes to model
This article discusses the revisions to
the first model developed to predict
soil erosion. Following this article, two
others will discuss new models — the

Water Erosion Prediction Project
(WEPP), page 18, and the Wind
Erosion Prediction System (WEPS),

page 20. Finally, ASAE member
Richard Johnson offers some Insights
on de\>eloplng these models, page 22.
The Universal Soil Loss
Equation (USLE) has been

used for conservation plan
ning activities in the United
States and internationally for several
decades. Despite the criticisms that
have been directed at it. the technol
ogy continues to have considerable

sheet and rill erosion process.

effect on erosion of thawing soil, and
rain on snow or partially frozen soil.

One of the major improvements in

K-factor

Differences in R-values represent dif
ferences in erosivity of the climate.

RUSLE is a better isoerodent map of
the Western United States. Data
from more than 1.000 locations have
been analyzed to prepare the new
map.

Another change is to lower R-val

ues where flat slopes occur in
regions of intense thunderstorms,

since ponded water on the soil sur
face reduces the erosivity of raindrop

impact. The correction used relates
annual R to land slope. Finally, an
R-equivalent approach has been
developed to replace the customary
R-value in the Pacific Northwest.

This factor considers the combined

utility.

In 1985. USDA engineers and
academic cooperators agreed that
the USLE technology needed to be
updated. Research completed after
the 1978 USLE handbook (AH-537),
which appeared in various literature
sources, has been incorporated with
other modifications into the Revised
Universal Soil Loss Equation
(RUSLE).
RUSLE is computerized to facili
tate rapid calculation. Calculations
not possible with charts and graphs
from the the 1978 USLE handbook

is weighted in proportion to percent

of annual R for bimonthly intervals.

Fig. I. The parallel rill erosion
pattern produces high soil loss
values for this winter wheat field.

now can be made rapidly, permit

ting a more faithful description of
the conditions encountered in mod

ern farming systems. What follows
is a synopsis of the major changes
and improvements to the six RUSLE
factors.
R-factor

The R-factor represents the hydrologic (weather) input that drives the

The K-factor is a measure of the
inherent erodibility of a given soil
with the standard condition of a unit
plot maintained in continuous fal
low. The erodibility nomograph
remains the most commonly used
tool for estimating K-values. K-values for the volcanic soils of Hawaii
are estimated with an alternative
algorithm.
Experimental data suggest that K
varies with season, being highest in
the spring following soil fluffing
freeze-thaw actions and lowest in fall
and winter following rainfall soil
compaction or when the soil is
frozen. This seasonal variability is
addressed using relationships relat
ing the short-term erodibiliry to the
annual R-factor and the frost-free
period. The short-term estimate of K

L- and S-factors
RUSLE uses three separate L-factors for length and S-factors for
slope. They include a function of

slope steepness, and a function of

susceptibility to rill relative to interrill erosion. RUSLE has a nearly lin
ear slope steepness relationship.
Experimental data do not support
the quadratic relationship used pre
viously. A specific slope length rela
tionship was developed for the
Palouse region of the PacificNorthwest.
In most practical applications, a

Fig. 2. The rill erosion from this
winter wheat field in the Pacific
Northwest is deposited in the flat
area in foreground.

slope profile previously represented
as a single plane or uniform slope

can be a poor topographical repre
sentation. Complex slopes can be
described readily in RUSLE to pro-
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vide an improved topographic repre
sentation.

C-factor
The cover-management factor, C,
is perhaps the most important
RUSLE factor because it represents
conditions that can be managed to
reduce erosion. Values for C are a
weighted average of soil loss ratios

(SLRs) that represent the soil loss for
a given condition at a given time to
that of the unit plot. Thus, SLRs vary
during the year as soil and cover
conditions change. To compute C,
SLRs are weighted according to the
distribution of erosivity during a

operations

data reflecting the
residue incorporat
ed by a tillage
operation and the
surface random
roughness follow
ing tillage.

C = PIU»COSOSK»SM

where PLU is the prior land-use subfactor, CC is the canopy subfactor,
SC is the surface cover subfactor, SR

is the surface roughness subfactor,
and SM is a soil moisture subfactor
used in the Pacific Northwest smallgrain farming areas.
One reason for the subfactor
approach in RUSLE is for applica
tions where SLR values are not
available. For example, no experi
mental erosion data exist for many
vegetable
and
fruit
crops.
Developing SLR values using the
subfactor method in RUSLE is easier
and more accurate than making
comparisons with values in the 1978
handbook.
The RUSLE computer program
includes data files for many tillage

RUSLE

SOIL LOSS ESTIMATION
Defined by user for
specific field/management/
conservation practice

RUSLE

K

computer program,

SOIL

data are needed to
reflect
canopy

characteristics',

residue and root

i-..

profile and crop
yield and residue
characteristics.
Finally, users must
specify the crops

COVER-MANAGEMENT

CONSERVATION

tillage and harvest.
The RUSLE com
puter program cal
culates SLRs and

SOIL LOSS

the dates of opera
tions
such
as

average annual C-

factor.

ESTIMATE

Fig. 3. RUSLE soil loss estimation.

P-factor values, the least reliable
of the RUSLE factors, represent how
surface conditions affect flow paths,

flow hydraulics, and thus erosion.
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DATABASE

DATABASE

4 inches of the soil

R

tions from this Illustration.

•

ls

TOPOGRAPHY

mass in the upper

USLE

erate ridge height. USLE does not permit (his credit.

defined by user

For crops not

For example, with contouring, tillage
marks are credited with directing
runoff around the slope at
reduced grades. However,
Table 1. RUSLE and USLE compari
slight changes in grade can
son for a corn-soybean rotation on a
change runoff erosivity greatly.
silt loam soil near Indianapolis, Ind.
In experimental field studies,
Factor

Data files are general ;

R
CLJMATE

available in the

year.

The RUSLE subfactor relationship
is given by

and

crops. In other
instances, the user
must input new

small changes in such features
as row grade and their effect
on erosion are difficult to doc
ument, leading to appreciable
scatter in measured data.

Thus, P-factor values represent
broad, general effects of such
practices as contouring and
stripcropping.
In RUSLE. extensive data

have been analyzed and the
results interpreted to give fac
tor values for contouring and
cross-slope farming as a func
tion of ridge height, furrow
grade, and climactic erosivity.
P-factor values for terracing

account for grade along the terrace,
while a broader array of stripcrop
ping and buffer strip conditions are
considered in RUSLE. Finally, P-fac-

tors have been developed to reflect
conservation practices on rangeland.
The practices require estimates of
surface roughness and runoff reduc
tion.
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ASAE member Kenneth G. Renard is a
research hvdraulic engineer for USDA-ARS'
SWRC. 2000 E. Allen Rd., Tucson. AZ 85719:
(602)670-6481.
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