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Comparing Soil Erosion Estimates from RUSLE and USLE on Natural Runeff Plots !
John F. Rapp, Vicente L. Lopes, Kenneth G. Renard'
Abstract

Data from 206 natural runoff plots representing a broad range of conditions and not used in the development
of the Revised Universal Soil Loss Equation (RUSLE) were used to compare soil loss estimates from RUSLE
and the Universal Soil Loss Equation (USLE). Soil loss estimates from RUSLE were consistent with those
from USLE for both annual and average annual values for the entire period represented by each individual plot.
Like the USLE, RUSLE tended to over estimate soil losses on plots with low erosion rates and under estimate
soil losses on plots with high erosion rates. The cover and management factor in RUSLE is the most significant
factor affecting soil loss estimates. While there seems to be no improvement in the accuracy of soil loss
estimates from RUSLE over USLE, there is an improvement in the use and formulation of land use strategies
when RUSLE is used in more complex situations than those found in the data set used in this study.

Keywords. Soil erosion prediction, Runoff plots, USLE, RUSLE, Land use planning.

Introduction

With the increasing amount of land devoted to agriculture worldwide in the last century, erosion research
has fi d on the prediction and mitigation of soil loss from agricultural lands (La}, 1994). Laboratory and
field plot studies have been conducted in order to improve understanding of the factors that control soil erosion
{Mutchler et al., 1994). Efforts 10 estimate soil losses by flowing water go back a half century. The Universal
Soil Loss Equation (USLE) (Wischmeicr and Smith, 1978) has been widely used for erosion prediction and
conservation planning in the United Sates and abroad. The USLE has been subjected to many modifications
over the last three decades. ‘In 1985 the U.S. Department of Agriculture decided that the USLE should be
revised to incorporate additional rescarch, new data sets and improved computer technology that allows users 1o
easily input, update and store the necessary data for assessing soil loss. The new technology is called the
Revised Universal Soil Loss Equation (RUSLE) (Renard et al., 1994). The purpose of this paper is to present
the results of a test performed to compare soil loss estimates from RUSLE with the Universal Soil Loss
Equation (USLE). The test was conducted using data from 206 natural runoff plets representing a broad range
of conditions and not used in the development of USLE. Soil loss estimates from RUSLE were compared with
estimates made by the USLE for each plot year and the average for each plot duration.

Methodology
The RUSLE Computer Progrom

The development of RUSLE was instigated partly due to the increase in computer processing powes as well
as the addition of new research data (Renard et al., 1994). The computer program is divided into five user
interface components. These are the main screen, function line, header line, suggestion line and the command
line, The main screen displayed contains a list of questions and comments. This is where inputs are entered
and results displayed. The function line is where the user contrels the programs utility functions (e.g., saving
and deleting files). The header line presents the program version's title. The suggestion line directs the user to
the next logical step in making calculations and the command line allows the user to manipulate the data inputs
(e.g., calculate factor values).
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The program accesscs, uses and saves information for cach cquation factor value. 1t can get that information
from one of three sources: values that the user enters directly, data stored in the program databases, or
information that the user entered at a previous time and stored. There are three databases in the program. The
CROP database contains all information on the growth and residue characteristics for various crop types, crop
stages and other plant characteristics. The OPERATIONS database includes infornation from research studies
for the effect that common soil distusbing operations have on the soil, crop, and residue, and through those, the
erosion rates. The CITY database contains all necessary metcarological data and associated El distributions for
specific locations.

The default values in the CROP and OPERATIONS databases are for specific combinations of site location,
crop type, potential yiclds, row spacing, planting density, tillage practices, equipment speed, soil conditions, etc.
Mast of the values in thesc databases were used in this study due to the general nature of the data. However,
database files were edited when site-specific data (c.g., crop yields, grazing periods) were available. More
information on using the RUSLE program software with specific examples and question/answers can be found
in the RUSLE reference manual (Renard et al., 1997).

Data Inputs

The data set for this study was supplied by the USDA-ARS Southwest Watershed Research Center in
Tucson, Arizona. It contains year-by-year information for individual plots for 21 sites. This information
includes previously determined USLE factors, crop types and yiclds, rotation sequences for cach year and the
dimensions of each plot. The time frames and crop types range from 26 years of continucus fallow to 4 years of
com-wheat-ryegrass strip crops with an average of 7.9 years per plot for all 21 sites. Most all of the sites have
duplication plots in order 1o account for the natural variability of the recorded soil losses. From cach site,
unique plot files (all plots cxcept duplicates) were developed in the RUSLE program for cach separate year, to
express yearly differences and effects of El distributions and management operations.

The R factor was determined using the supplied year-by-year El values. Meteorological data for 30-year
periods was taken when available, from the U.S. Weather Burcau long-term records to create the appropriate
database fites. The K factor was computed using an initial cstimated K value for the site, the hydrological soil
class, the computed LS factor, and the meteorological data for the site taken from the CITY database. The LS
factor was compuied as a function of slope length and slope P and a moderate rill-to-interrill i
ratio (see Renard et al., 1997). Calculations of the C factor on a year-to-year basis required that previous
conditions were accurately represented. With plots that had more than 1 year in the crop rotation, preceding
years were maintained in the specific years C factor calculation to account for residuc incarporation and
decomposition. Situations in which strip cropping was used, values were determined for each different type of
strip and a weighted average was calculated based on information regarding the percentage of crop type or plant
cover. The P factor was taken from previous USLE calculations due to the lack of information regarding the
methods used to create supporting practices.

Model Evaluation

The success of a model is based on how well the model meets the objective of predicting a specific natural
phenomenon. Model efficiency is explored by comparing predicted with measured values and expressing the
result in graphica) form and assessing the model accuracy with a goodness-of-fit statistic or hypothesis testing.
One commonly used method of comparing model predictions to recorded values is a dimensionless coeflicient
(ME) proposed by Nash and Sutcliffe (1970):

3 (Qmi - Qsi)?
ME =1 - 4! ($H]
> (Qmi - Qm)’

isl

where ME = model efficiency, Qmi = measured value, Qsi = computed value, Qm = mean of measured values,
n = number of observations.  An appealing aspect of this cocflicient lies in its simplicity, with its value
increasing toward unit as the fit of predicied versus measured values progressively improves (Green and
Stephenson, 1986). '
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Conclusions

1) The RUSLE applicd to 206 natural annual runoff plots with an average of 7.9 years per plot had an average
model efficiency (ME) of 0.73 with an average magnitude of error of 1.17 kg/m2. Prediction of 1638
individual annual soil loss events had an average model efficiency of 0.58 with an average magnitude of
erntar of 2.08 kg/m2.

2) The RUSLE results were consistent with those from previous studies with the USLE in that it tended to
over predict soil loss on plots with low soil crosion rates and under predict on plots with high soil erosion
rates.

3) The C factor is the most significant factor affecting the overall model efficiency. This indicates that further
research should improve estimates of this factor.

4) While there scems 10 be no improvement in the accuracy of RUSLE over USLE for the mode) efficiencies
there is an improvement in the use and formulation of land use strategics when the RUSLE technology is
employed as a predictive tool. This is especially true in more complex situations than those found in the
data set used in this study.

5) RUSLE technology permits asscssing soil erosion rates for plots with complex slopes and for crops without
soil loss ratio data as used in the USLE.

Acknowledgments

The authors wish to acknowledge the efforts of L. M. Risse and M. A. Nearing in collecting the data
associated with the 206 runofU'soil Joss plots used in this study.

References

Green, 1. R. A. and D. Stephenson. 1986. Criteria for comparison of single event. models. Journal of
Hydrological Sciences 31(3):395-408.

Lal, R. {ed). 1994, Soil Erosion Research Methods. Ankeny, 1A: Soil and Water Conservation Socicty.

Mutchler, C. K., C. E. Murphree, and K. C. McGregor. 1994. Laboratory and field plots for crosion research. In:
Lal, R. (cd). 1994. Soil Erosion Research Methods. Ankeny, 1A: Soil and Water Conservation Society.

Nash, J. E. and J. V. Sutcliffe. 1970. River flow forecasting through conceptual models: Part 1 - a discussion of
principles. Journal of Hydrology 10:282-290.

Rapp, J. F. 1994. Ermor Assessment of the Revised Universal Soil Loss Equation using Natural Runoff PlotData.
Unpublished M.S. Thesis, University of Arizona, Tucson, Arizona.

Renard, K. G., J. M. Laflen, G. R. Foster, and D. K. McCool. 1994. The Revised Universal Soil Loss Equation.
In: Lal, R. (ed). 1994, Soil Erosion Research Methods. Ankeny, IA: Soil and Water Conservation Socicty

Renard, K. G., G. R. Foster, G. A. Weesies, D. K. McCool, and D. C. Yoder. 1997. Predicting Soil Erosion by
Water: A Guide to Conservation Planning with the Revised Universal Soil Loss Equation {Rusle). U.S.
Department of Agriculture, Agr. Handbook No. 703. .

Risse, L. M., M. A. Nearing, A. D. Nicks, and J. M. Laflen. 1993. Error assessment in the Universal Soil Loss
Equation. Soil Sci. Soc. Am. Jour. 57(3):825-833.

Wischmeicr, W. H. and D. D. Smith. 1978. Predicting Rainfall Erosion Losses - A Guide To Conservation
Planning. Agr. Handbook No. 537. Washington, D. C., Government Printing Office.

27

T S

SRR TSSETAEEFS S e e S 4 .




i

nat

L

L ie ke

the Intern

of

.

eedir

ocC

T

Sy




