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Abstract 

Concern for nonpoint source pollution from rangelands has 
increased the need to monitor and predict amounts of soil erosion 
that may enter streams from adjacent rangelands. This study was 
undertaken to evaluate a refined surface cover subfactor (RSC) 
developed for the revised universal soil loss equation (RUSLE) to 
simulate soil loss from rangelands as affected by various kinds and 
amounts of surface cover. In addition, sensitivity analysis htdi- 
cated which variables most htfluenced erosion from a sagebrush- 
grass rangeland (Johnson and Gordon 1988). 

Evaluation of the RSC was done by comparing original RUSLE 
estimates of soil loss with those of RUSLE where the surface cover 
subfactor (SC) had been replaced with RSC. Estimated soil loss 
from both simulations were compared with field measurements of 
soil loss using a simple regression technique. Refined RUSLE 
predictions of soil loss (r* = 0.81 and 0.50 for dry and moist 
conditions) were considerably better than those obtained with the 
original RUSLE model (r* = 0.67 and 0.14 for dry and moist 
conditions). The refined RUSLE was better at describing Johnson 
and Gordon (1988) erosion data than was the original RUSLE 
model. Use of RSC in the RUSLE mode1 may increase its accu- 
racy, but the model still underpredicts the actual amount of soil 
loss. 

Key Words: erosion, sediment yield, model evahmtion, soil loss, 
surface cover, water quality 

Erosion from rangelands is a major contributor of nonpoint 
source pollution to streams. This has become a major concern for 
range managers in the western United States. Soil loss is affected 
by various abiotic, biotic, and management factors. Rangeland 
watershed management practices often affect vegetation and 
ground cover, that in turn influence soil erosion (Sartz and Tolsted 
1974, Branson et al. 1981, Foster 1982). Johnson et al. (1980) 
reported that changes in soil loss for specific sites were almost 
totally dependent upon changes in soil surface cover. Management 
of vegetation and litter cover on rangeland is the principal means 
available to reduce erosion impacts on streams. 

Use of the universal soil loss equation (USLE) (Wischmeier and 
Smith 1978) has not been effective for estimating sheet and rill 
erosion from rangeland watersheds, as it was developed for use on 
croplands (Johnson et al. 1980, Trieste and Gifford 1980, Hart 
1984, Johnson et al. 1984, Schroeder 1989). The revised USLE 
(RUSLE) was developed for rangeland purposes (Weltz et al. 
1987). However, RUSLE underpredicted actual erosion from a 
series of plots on 3 different soils in southeastern Arizona (Weltz et 
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al. 1987) and a series of plots at 17 rangelands sites in 7 western 
states (Renard and Simanton 1990). 

The original RUSLE surface cover submodel (SC) is used to 
estimate soil loss ratio that corresponds to the area of soil covered 
by mulch (Weltz et al. 1987). This surface cover (SC) is expressed 
as: 

SC = exp [-b * RC * (6_)‘.08], 

6+RG 
(1) 

where RC is the fraction of land covered, b is a coefficient (equal to 
0.025 in this study), and RG is a random roughness variable. 
However, this surface cover subfactor (SC) is based only on total 
surface cover and, therefore, does not adequately quantify the 
effects of different cover types and their interactions on soil loss. 
Recently, Benkobi et al. (1993) developed a refined surface cover 
subfactor (RSC) to replace the original RUSLE surface cover 
subfactor (SC). The RSC was developed from laboratory data 
using a high intensity storm (100 mm/h) and a clay loam soil in a 
controlled experiment. Effects of different surface cover types and 
amounts, their combinations, and bare ground on soil loss were 
determined for small plots in this laboratory study using a rotating 
boom rainfall simulator developed at the University of Wyoming. 
Cover treatments included vegetation litter, small rocks, and mix- 
tures of these cover types at several levels of cover (25,50,75, and 
100%) and bare ground (control). The regression equation (RSC) 
derived from these data was expressed as: 

RSC = 1 - 0.82 VL + 0.48 R - 1.23 VL * R - 1.25 R*, (2) 

where RSC is the estimated value of the surface cover subfactor 
(dimensionless), VL is the proportion of cover by vegetation litter, 
and R is the proportion of cover by rocks (Benkobi et al. 1993). 

It was hypothesized that use of this refined surface cover subfac- 
tor (RSC) in RUSLE would improve erosion prediction from 
rangeland watersheds. The purpose of this present research effort 
was to evaluate RUSLE soil loss predictions for field data, using 
the refined surface cover subfactor (RSC), and to determine the 
sensitivity of simulated soil loss with changes in the refined 
RUSLE model variable values. Soil loss predictions, using both 
SC and RSC subfactors in RUSLE, were compared with actual 
erosion measurements for the same field plots (Johnson and Gor- 
don 1988). 

Procedures 

Hydrologic data from Johnson and Gordon’s (1988) rainfall 
simulation and erosion study on a sagebrush-grassland range site 
were used to test the application of the refined surface cover 
subfactor (RSC) in RUSLE against the original surface cover 
subfactor (SC). These field data included soil physical characteris- 
tics (Table I), plant canopy cover, ground cover, surface rough- 



Table 1. Soil physical characteristics for interspace areas between snge- 
brush plants (from Johnson and Gordon 1988). 

Sand (%) 31- 42 
Silt (%) 45 - 47 
Clay (%) 13 - 16 
Silt & very fine sand (%) 70 - 12 
Organic matter (%) 1.4 - 2.2 
Permeability index 3 
Soil texture index 3 

ness, slope, simulated rainfall, and soil loss from l-m2 interspace 
plots (Table 2). Data from sagebrush interspace plots were utilized 
because the refined surface cover subfactor was developed for 
surface litter cover, not shrub canopy cover. These plots were 
located at the Nancy Research Site on the Reynolds Creek 
Watershed, Ida. Johnson and Gordon (1988) described the inter- 
spaces between shrubs as having about 30% bare soil with clumps 
of grass and moss that formed a rough surface with shallow depres- 
sions caused by repeated animal trampling, frost action, wind, and 
erosion. 

For the present study, as indicated in Table 2, vegetation canopy 
cover of each experimental plot included live and standing dead 
material. Vegetation residual cover included live plant material, 
plant litter, and fine plant residue. 

Estimated soil loss (A) was computed for 2 cases: (1) using the 
original RUSLE (Weltz et al. 1987) in equation 3, and (2) with the 
refined surface cover subfactor (RX) in Equation 4 instead of the 
original surface cover subfactor (SC). Soil loss (A) was estimated 
by: 

A = (EI) (K) (L) (S) (P) (C) (3) 

where 
A = 
EI = 

K = 

L = 
s = 
P = 

c q  

estimated soil loss (t/ha), 
individual storm erosivity factor (MJ l mm“/(ha 
oh-‘) (Weltz et al. 1987), 
soil erodibility factor (t l ha-’ l h“)/(ha l MJ-’ 
l mm-‘)(Wischmeier and Smith 1978), 
slope length factor, ratio to unit plot, 
slope steepness factor, ratio to unit plot, 
supporting practices factor, ratio to unit plot; 
P = 1 was assumed for this study, and 
cover-management factor, ratio to unit plot. 

The factor C is expressed as: 

where 
C = (PLU) (CC) (RSC) (SR), (4) 

PLU = prior to land use subfactor, dimensionless, 
cc = plant canopy subfactor, dimensionless, 
RSC = refined surface cover subfactor (see Eq. 2), and 
SR = surface roughness subfactor, dimensionless. 

Sensitivity analysis was performed to measure the sensitivity of 
RUSLE model predictions of soil loss with changes in variables 
values. This analysis also indicated appropriate variables for future 
investigations that might improve the predictive ability of the 
model. A Monte Carlo sampling procedure was used to generate 
the data to conduct the sensitivity analysis (O’Neill et al. 1982, 
Swartzman and Kaluzny 1987). Variables used for the sensitivity 
analysis (Table 3) were treated as random variables because their 
estimates were obtained from actual data (Table 2). 

Table 3. Refined RUSLE model variables used in the sensitivity analysis. 

Notation 

A 
a 
b 
C 

FC 
H 
PC 
RB 
VL 
R 
VFS 
SL 

RS* 

Description 

estimated soil loss 
organic matter content 
soil structure index 
profile permeability index 
plant canopy cover 
canopy height 
soil clay content 
random roughness of the soil 
live and dead vegetation cover 
surface gravel cover 
silt and very line sand 
slope steepness and slope length 

factor 
root biomass 

Units 

t/ha 
% 
- 

(proportion) 

; 

:Zportion) 
(proportion) 
% 
(dimensionless) 

kg/ ha 

*RS was estimated using Weltz et al. (1987) equation: 
RS = BIO * ni * ai/ 100,. 

where BIO = aboveground bmmass : 450 kg/ha in this study; ni = 0.45; and ai 27.3. 

Statistical distributions (normal, uniform, and triangular) were 
assigned to 12 variables of the RUSLE model (Table 4). Values for 
the variables were sampled within their assigned distributions 
using 500 iterations of the Monte Carlo process (Tiwari and Hob- 
bie 1976, Swartzman and Kaluzny 1987). A normal distribution 
was assigned to variables for which sufficient data were available to 

Table 2. Summary of hydrologic data from Johnson and Gordon’s (1988) rainfall simulation and erosion study on a sagebrush-grassland range site 
(Idaho) used to evaluate the RSC subfactor. 

Plot 

No. 
NlII’ 
NlI2* 
NlI3 
N211 
N212 
N213 
N311 
N312 
N313 
N411 
N412 
N413 

Plant canopy Veg. resid. Rock Bare 
cover cover cover ground 

(%) (%) (%) (%) 
9.1 44.6 12.2 43.2 

13.1 58.7 12.8 28.5 
4.0 59.0 5.6 35.4 
4.6 56.2 10.1 33.1 
2.0 61.9 8.8 29.3 
4.9 60.1 4.1 35.8 
2.5 59.1 15.8 25.1 
2.3 58.3 13.7 28.0 
0.9 38.3 26.5 35.2 
0.9 54.9 31.0 14.1 
0.3 52.0 34.4 13.6 
2.2 57.9 12.6 29.5 

Slope 

E 
612 
4.4 
4.7 
5.6 
5.7 
6.1 
4.3 
3.7 
6.8 
5.0 
4.9 

Surface 
rough. 

(mm) 
10.2 
11.1 
12.5 
13.2 
16.2 
16.2 
12.7 
17.3 
10.8 
12.5 
9.5 

13.8 

Rainfall 

(mm) 
45.5 
49.9 
55.6 
61.1 
63.9 
63.2 
61.2 
54.8 
52.0 
35.3 
42.5 
55.4 

Soil 
loss 

(ti ha) 
0.094 
1.435 
0.232 
0.339 
0.394 
0.747 
0.787 
0.144 
0.470 
0.101 
0.080 
0.273 

INI = location, 11 = interspace plot number. 
*Hydrologic measurements were not included in the present study for the N112 plot in Johnson’s and Gordon (1988) rainfall simulation and erosion study because this plot had 
abnormally high and unexplained soil losses. 
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Table 4. Values that defined normal, uniform, and rectnnguhu distribu- Table 5. Summary of sensitivity analysis measures as indicated by the 
tions for each refined RUSLE model variable used in the sensitivity partial correlation coefficient(r) between simulated soil loss and refined 
analysis. RUSLE model variables (PzO.05). 

Parameter 

Distribution assigned to model variables 
Normal Uniform Triangular 

Mean SD Min Max Min Mode Max 

a (%I 1.26 2.34 
b index 2 3 4 
c index 2 3 4 
FC (prop.)’ 0.40 0.38 
H (m) 0.15 0.05 
PC (%) 10 20 
RB (mm) 12.60 3.78 
VL (prop.) 0.55 0.17 
R (prop.) 0.16 0.05 
VFS (%) 50 72 
RS (kg/ ha) 38 55 72 
SL (dimensionless) 0.44 0.13 

‘Prop. = proportion. 

estimate mean and variance. A uniform distribution was assigned 
to variables for which available data provided only a range of 
values. A triangular distribution was assigned to soil structure and 
soil permeability classes for which only 1 value was available. 
Variation in variable values was created using f30% of actual 
mean values. 

Partial correlation coefficients, between simulated variable 
values and simulated soil loss, were used as criteria to measure the 
sensitivity of the model prediction of soil loss to changes in a 
variable value after removing all the effects of the other variables 
(Rose 1983, Swartzman and Kaluzny 1987). 

Correlation and graphical evaluation methods were used to 
compare original RUSLE predictions of soil loss with those simu- 
lated by RUSLE using the refined surface cover subfactor (RSC) 
(Benkobi et al. 1993). Predicted values from both simulations were 
then compared with actual field measurements of soil loss from this 
sagebrush-grass rangeland erosion study by Johnson and Gordon 
(1988) to determine if RSC improved predictability of RUSLE for 
a rangeland watershed. 

Results and Discussion 
Sensitivity of predicted soil loss to variations in model variables 

was determined by measuring the degree of dependence between 
soil loss and input variables using partial correlation coefficients 
(Table 5). Model predictions of soil loss were found to be sensitive 
to variations in slope steepness and slope length factor (SL). A 
partial correlation coefficient (r) of +0.90 between predicted soil 
loss and data for slope length factor was obtained. Soil loss 
increased as slope steepness and slope length factor increased, as 
anticipated. 

Simulated soil loss sensitivity to the cover and management 
factor (C) was associated with surface cover, surface roughness, 
and belowground biomass variables. Among the surface cover 
variables, vegetation cover (VL) accounted for most of the varia- 
tion in soil loss (r = -0.88). Soil loss decreased as the amount of 
vegetation cover increased. This result was anticipated. Rock cover 
(R) had a moderate correlation with soil loss (r = -0.42). Jennings 
and Jarret (1985) found that rock cover was the least effective 
erosion control mulch material examined. However, Box (198 l), 
Meyer et al. (1972), and Simanton et al. (1985) found better nega- 
tive correlations between soil loss and rock cover. 

Soil loss was also sensitive to surface random roughness (RB) (r 
q  -0.67) and to the belowground biomass in the upper 10 cm of soil 
(RS) (r = -0.50) (Table 5). Increased surface roughness resulted in 

Variable r 

SL 

VL 
RB 
RS 
R 
b 
a 
c 
PC 
FC 
H 
VFS 

slope steepness and slope length 
factor 
vegetation material cover (prop.) 
random roughness (mm) 
root biomass (kg/ ha) 
rock cover (prop.) 
soil structure class (index) 
soil organic matter content (%) 
soil permeability class 
percentage clay (%) 
plant canopy cover (prop.) 
plant canopy height (m) 
very fine sand plus silt (%) 

+’ 0.90 

- 0.88 
- 0.68 
- 0.50 
- 0.42 
+ 0.20 
- 0.17 
+ 0.15 
+ 0.10 
- 0.10 
- 0.06 

0 

1 + = positive linear relationship with simulated soil loss. 
- = negative linear relationship with simulates soil loss. 

reduced soil loss. This was because runoff velocity and sediment 
transport were affected by depressions and mulch on the soil 
surface. When a soil surface is smooth, soil erosion may be consid- 
erable. Roots in the surface soil reduced erosion probably by 
increasing the resistance of the soil to overland flow by binding the 
soil mass with fibrous roots. In this simulation study, as random 
roughness and belowground biomass values increased, soil loss 
decreased. 

Plant canopy cover (FC) and canopy height (H) had little effect 
on simulated soil loss (r = -0.10 for FC, and r = 0 for H) in this 
study. The reason why plant canopy cover was not very important 
is probably because the sparse vegetation canopy did not absorb 
much energy from falling raindrops. However, soil surface cover 
was important. Khan et al. (1988) reported that plant canopy cover 
became less effective in reducing erosion when mulch was present 
on the soil surface. Simanton et al. (1991) found similar results 
when they studied direct and indirect effects of plant canopy cover 
on soil erosion and runoff. 

Soil loss was not very sensitive to soil erodibility variables (a, b, 
c, PC, and VFS) (Table 5). Among these variables, organic matter 
content (a) was the only variable that had a negative correlation 
with simulated soil loss (r = -0.17). The soils permeability class (c) 
and soil structure class(b) had little effect on simulated soils 10~s (r 
q  +O. 15 for c, and +0.20 for b). The percentage of silt plus very fine 
sand (VFS) had no effect on simulated soil loss in this study. 
Probably, its effect on soils loss may have been partially accounted 
for in the c and b variables. Soil loss increased as soil structure and 
soil permeability deteriorated, as anticipated. Clay content (PC) 
had very little effect on simulated soil loss (r = +O.lO). Increases in 
clay content tended to reduce infiltration and, thus, increased 
runoff and erosion. An increase in organic matter contributes to 
increased porosity and infiltration rates that, in turn, reduce runoff 
and soil loss (Meeuwig 1970, Blackburn 1975, Blackburn et al. 
1982). 

Model predictions of soil loss were compared with actual field 
data from Johnson and Gordon (1988) using a simple linear corre- 
lation technique. The coefficients of determination (r2) obtained 
were 0.81 for dry conditions, and 0.50 for moist conditions for the 
refined RUSLE; and 0.67 for dry conditions, and 0.14 for moist 
conditions for the original RUSLE model (Fig. 1). The refined 
RUSLE predictions of soil loss described Johnson and Gordon’s 
(1988) erosion data much better than did predictions from the 
original RUSLE model. However, predictions of soil loss were still 
low, even when the refined RUSLE model was used. This was 
particularly true at higher rates of erosion. 
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a b 

Original RUSLE Refined RUSLE 

Dry DrY 

Y = 0.125 + 0.110 (observed) 
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. 
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,’ 

I 

0.0 0.2 0.4 0.6 0.8 1.0 

Observed Soil Loss (t/ha) Observed Soil Loss (t/ha) 

C d 

Original RUSLE Refined RUSLE 

Wet Wet 
1.0 

0.8 

0.6 

0.4 

0.2 

Y = 0.158 + 0.030 (Obsewed) 

P = 0.14 
, .* 
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ii 
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.. 

s 
0.6 ,’ 
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$j 

.’ ,* 
0.4 .. 

.- ; 0.2 .. 
k 
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.’ .- _ 

0.0 1,’ ! 4 
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1.0 
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0.6 

0.4 

0.2 

Y = 0.074 + 0.025 (Observed) 

P = 0.50 .’ .’ .’ 
a*’ .’ 
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Observed Soil Loss (t/ha) 

Fig. 1. Observed soil loss from erosion study plots (Reynolds Creek Wetersbed, Ida) (Johnson end Gordon 1988) plotted rgalnst origb~el RUSLE 
predictions (0) for soil loss under dry (a) end wet conditions(c), and es compared with predicted soil loss (0) using the refmed RUSLE model under dry 
(b) end wet conditions (d). Perfect model predictions of soil loss as compared with observed soil loss would fit the dashed line (--) in each graph. 
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Conclusions 
The refined RUSLE model was better at describing soil loss 

from Johnson and Gordon (1988) erosion plots on sagebrush-grass 
rangeland than was the original RUSLE model. The newly deve- 
loped equation (RSC) considers more surface cover variables as 
they affect soil loss than does the original equation. The correlation 
between actual field data for soil loss and model estimations of soil 
loss was better when RSC was used instead of SC in the RUSLE 
model. 

Simulated soil loss was most sensitive to changes in values of the 
slope steepness and slope length factor. Changes in surface cover, 
roughness and belowground biomass values also had significant 
effects on soil loss. 

The ability of the refined RUSLE to simulate actual soil loss 
from rangeland was not completely tested in the present study, 
because small erosion plots may not represent erosion as measured 
by large erosion plots. Further model testing with field data from 
large erosion plots is needed before practical application of the 
refined RUSLE model on rangeland watersheds can be made. 
However, inclusion of more variables in the revised equation 
(RSC) appears to be beneficial in predicting erosion on rangelands. 
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