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The application of the Revised Universal 
Soil Loss Equation, Version 2, to evaluate 
the impacts of alternative climate change 
scenarios on runoff and sediment yield 
S.M. Dabney, D.C. Yoder, and D.A.N. Vieira

Abstract: The Revised Universal Soil Loss Equation, Version 2 (RUSLE2), provides robust 
estimates of average annual sheet and rill erosion for one-dimensional hillslope representations. 
Extensive databases describing climate, soils, and management options have been devel-
oped and are widely used in the United States for conservation planning. Recent RUSLE2 
enhancements allow estimation of erosion and runoff from a representative sequence of run-
off events that are suitable for linkage with an ephemeral gully model. This paper reviews the 
sensitivity of RUSLE2 erosion estimates to possible climate change scenarios, demonstrates 
its ability to evaluate alternative management adaptations, and compares predictions with 
observations of runoff and sediment yield from a 6.6 ha (16 ac) research watershed located 
near Treynor, Iowa. When applied to a representative hillslope profile with conventional tillage 
corn (Zea mays L.), increasing monthly temperature by 0.8°C (1.5°F) and rainfall depth, rain-
fall erosivity density, and 10-year, 24-hour rainfall depth each by 10% cumulatively increased 
sheet and rill erosion by 47% and increased runoff by 33%, assuming there was no change 
in corn yield. If the climate changes decreased corn yield by 10%, the overall effect was to 
increase soil loss for conservation planning by 63%. These results demonstrate that modest and 
expected changes in climate will significantly increase the risk of soil erosion, and improved 
conservation management will be an important part of successful adaptation.

Key words: ephemeral gully erosion—deposition—geographic information system—light 
detection and ranging (LiDAR)—soil erosion—vegetative barrier 
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The Revised Universal Soil Loss Equation, 
Version 2 (RUSLE2), is the most recent in 
the family of Universal Soil Loss Equation 
(USLE)/RUSLE/RUSLE2 models proven 
to provide robust estimates of average 
annual sheet and rill erosion for one-
dimensional hillslope representations. 
The USDA Natural Resources Conservation 
Service (NRCS) routinely uses RUSLE2 
for conservation planning and program eli-
gibility determination and has developed 
extensive databases applicable through-
out the United States to support this work 
(USDA NRCS 2012a).

This report describes how RUSLE2 rep-
resents climate and explores how alternative 
climate change and crop yield scenarios 
affect runoff and soil erosion predictions. 
Hillslope runoff sediment yield predictions 

of RUSLE2 are also compared with obser-
vations made at the outlet of a research 
watershed located near Treynor, Iowa. A 
two-dimensional (2-D) version of RUSLE2 
is applied to demonstrate the ability of a shell 
program to call RUSLE2 through its appli-
cation programming interface (API). This 
application takes advantage of the availability 
of high resolution topographic information 
for the automatic determination of runoff 
flow paths, takes account of topographic, soil, 
and management variability, and calculates 3 
m (10 ft) resolution runoff and erosion pat-
terns in a geographic information system 
(GIS) context (Dabney et al. 2011a). The 
results of the 2-D application are suitable 
for linkage with a process-based channel 
erosion and sediment transport model nec-
essary to create watershed-scale sediment 

delivery estimates. The approach could easily 
be extended to assess the likelihood of suc-
cess for conservation practices under future 
climates by linking RUSLE2 to climate pro-
jections and crop yield responses predicted 
by other modeling systems. 

Analysis of historical records indicates that 
rainfall erosivity—defined as the product of 
each storm’s total kinetic energy and maxi-
mum 30-minute intensity summed over a 
period or season—generally increased in the 
United States during the period from 1972 to 
2002, but changes were not uniform region-
ally nor seasonally (Hollinger et al. 2002; Angel 
et al. 2005). Like these observations, predic-
tions of coupled atmosphere-ocean general 
circulation models show temperatures and 
precipitation intensity and variance have risen 
in the past century and are likely to rise fur-
ther in the next century (Dore 2005; Tebaldi 
et al. 2006). Average precipitation depths, in 
contrast, may increase or decrease for vari-
ous locations and seasons (Hayhoe et al. 2007; 
Diodato and Bellocchi 2009; Campbell et al. 
2011), with wet areas generally becoming 
wetter and arid areas becoming drier due to 
increased evaporative demand.

However, current general circulation 
climate change models do not provide suf-
ficiently detailed information to allow direct 
calculation of rainfall erosivity because sub-
hourly rainfall intensity information is not 
reliably estimated. Even current regional 
climate models cannot reliably predict the 
variables most highly correlated with erosion, 
such as the 30-minute maximum monthly 
rainfall intensity or average monthly erosivity 
density (Dai et al. 1999). In climate studies, 
precipitation intensity is frequently defined 
as increased daily precipitation depth rather 
than increased subhourly rainfall rates. To 
deal with this, some studies have relied on 
simple methods, such as a modified Fournier’s 
index, to estimate climate change impacts on 
rainfall erosivity (Nearing 2001; Sauerborn 
et al. 2009). Others have used CLIGEN to 
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down-scale climatic projections (Zhang et al. 
2010), although most such studies have not 
altered the monthly estimates of mean maxi-
mum 30-minute rainfall intensity, which are 
CLIGEN inputs (Yu 2005), focusing rather 
only on monthly rainfall, its standard devia-
tion, and the conditional probabilities of wet 
days following wet or dry days. Downscaling 
climate change projections and predicting 
crop growth responses to climate change 
are beyond the scope of this paper. Rather, 
we will explore the sensitivity of RUSLE2 
to observed or appropriately downscaled cli-
mate information to predict the impacts of 
climate change on soil erosion. When other 
models have been used in such sensitiv-
ity analyses, a given percentage increase in 
temperature, rainfall, antecedent soil water, 
or land cover biomass has usually resulted in 
a larger percentage increase in soil erosion 
(Nearing et al. 2005; Nunes et al. 2009).

RUSLE2 predicts a linear increase in 
sheet and rill erosion with increasing rain-
fall erosivity, which reflects the influences 
of both rainfall depth and rainfall intensity. 
Rainfall intensity effects are represented in 
the parameter erosivity density (energy per 
unit area per unit time). If both precipita-
tion depth and erosivity density increase, 
these increases would be multiplicative in 
increasing rainfall erosivity and RUSLE2-
calculated sheet and rill detachment. Other 
suggested climate changes would also impact 
erosion. For example, increased temperature 
and rainfall would increase residue decom-
position and surface roughness degradation, 
leaving the soil more susceptible to soil ero-
sion. In addition, increases in the magnitude 
of the 10-year, 24-hour precipitation depth 
(P10y, 24h) will result in increased estimated 
sediment transport capacity and sediment 
delivery. Finally, simultaneously increased 
rainfall depth, erosivity density, and P10y, 24h 
would increase runoff amounts and would 
likely increase concentrated flow erosion in 
nonlinear ways. 

The objectives of this study are to (1) 
compare official county-level RUSLE2 data-
base climate input records to observations 
made at a particular research watershed, (2) 
to explore the sensitivity of RUSLE2 ero-
sion estimates to changes in climatic database 
inputs proposed to reflect the impacts of 
climate change, (3) to compare RUSLE2 
hillslope profile runoff and sediment delivery 
estimates with historical observations made 
at the watershed outlet during three peri-

ods of varying land management practices, 
and (4) to demonstrate how the RUSLE2 
program can be called through its API to 
provide spatially distributed runoff and ero-
sion estimates in a GIS context. 

Materials and Methods
Climate Representation in the Revised 
Universal Soil Loss Equation, Version 2. The 
climate data required to calculate sheet and rill 
erosion and sediment delivery with RUSLE2 
are monthly averages for precipitation, temper-
ature, and erosivity density, plus the location’s 
P10y, 24h. Thus, representation of climate change 
effects in RUSLE2 reduces to representation 
of the changes in these variables. 

RUSLE2 assumes that sheet and rill erosion 
is linearly related to rainfall erosivity, which 
has proven to be a robust assumption based 
on many plot years of data. However, direct 
specification of rainfall erosivity is no longer 
the preferred input to RUSLE2, as one of 
the important innovations in RUSLE2 was 
introduction of the erosivity density con-
cept (USDA ARS 2008). Erosivity density 
is defined as the amount of rainfall erosiv-
ity per unit of precipitation depth. Erosivity 
density has units of energy per unit area per 
unit time (MJ ha−1 h−1), and when multiplied 
by the depth of precipitation (mm) over an 
interval (event, day, month, or year), yields the 
appropriate average erosivity value (MJ mm 
ha−1 h−1). Specification of monthly average 
precipitation and monthly average erosivity 
density is the preferred way of describing 
monthly erosivity in RUSLE2, and these val-
ues are contained in all the NRCS location 
climate files (USDA NRCS 2012a). 

Using erosivity density has several advan-
tages over directly calculated rainfall erosivity. 
Because it is the ratio of storm erosivity to 
storm precipitation, missing data have less 
impact on monthly means, and a shorter 
period of record is needed to arrive at a 
stable value of this ratio than to achieve a sta-
ble absolute erosivity. Furthermore, because 
erosivity density was found to be relatively 
independent of elevation up to 3,000 m 
(9,800 ft), RUSLE2 developers were able to 
develop a smoothly varying erosivity density 
surface for the entire nation, making it pos-
sible to calculate erosivity for each county 
(common use in United States) or each pre-
cipitation zone (USDA ARS 2008). Because 
RUSLE2 is a conservation planning tool, it is 
important that climate representations vary 
smoothly and in expected directions across 

geographic boundaries. The erosivity density 
approach allowed geographically consistent 
erosion predictions needed for a conserva-
tion/erosion planning tool and maximized 
the information that could be extracted from 
available 15-minute precipitation data. The 
effect of elevation on erosivity was reflected 
by defining multiple precipitation zones 
within counties for 11 mountainous western 
US states. 

Crop Growth and Residue Decomposition 
Representation in the Revised Universal Soil 
Loss Equation, Version 2. RUSLE2 does not 
link crop growth to climate inputs. Rather, 
the user describes the growth and specifies 
the yield of vegetation, and RUSLE2 cal-
culates the long-term effect on runoff and 
erosion. RUSLE2 contains algorithms that 
allow estimates of the timing and amount 
of residue creation by perennial vegetation 
to dynamically adjust to alternative harvest 
management schemes (Dabney and Yoder 
2012), but even these routines are not linked 
to climate. The lack of a dynamic linkage 
with climate may appear to be a disadvan-
tage since crop yield and the ratio of yield to 
residue biomass are inputs to RUSLE2 that 
may be expected to vary with changing cli-
mate. However, the ability to call RUSLE2 
through its API from another model allows 
RUSLE2 to be linked to a variety of sophis-
ticated plant growth models. The effects of 
climate change on crop biomass production 
and yield are complex. Depending on the 
location, effects will involve interacting with 
and sometimes offsetting influences of higher 
carbon dioxide (CO2; increased plant growth 
and water use efficiency), increased tem-
perature (temperature stress and evaporative 
demand, but perhaps also a longer grow-
ing period), increased or decreased rainfall 
amounts and variability (Hatfield et al. 2011), 
etc. Changes in germplasm and responses of 
weed, insect, and disease dynamics add to 
the uncertainty of future yield predictions. 
Rather than attempting to include such a 
sophisticated growth model, RUSLE2 oper-
ates on resulting inputs of vegetative biomass, 
canopy cover, and rootmass, leaving it to 
experts to define those characteristics. The 
USDA NRCS has developed hundreds of 
such vegetative descriptions based on col-
lected data and expert opinion (USDA 
NRCS 2012a), defined based on a specified 
yield value, which can then be over-ridden 
by the user to increase or decrease the input 
parameters. RUSLE2’s use of crop yield as an 
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input rather than a calculated response to cli-
mate change allows the evaluation of erosion 
effects using outputs from any crop growth 
model or from an assemblage of models such 
as that being developed by the Agricultural 
Model Intercomparison and Improvement 
Project (AgMIP 2010).

Unlike crop growth, residue decompo-
sition is dynamically linked to climate in 
RUSLE2. Generally speaking, if a climate 
becomes wetter and warmer, the rate of resi-
due decomposition increases. Thus, if crop 
yield and rainfall erosivity remained con-
stant, higher temperatures would increase 
RUSLE2 estimates of soil erosion because of 
reduced crop residue cover and residue bio-
mass in the soil. 

Runoff Representation in the Revised 
Universal Soil Loss Equation, Version 2. 
One expected impact of climate change is 
the increased importance of extreme events 
as threats to soil and water resources (SWCS 
2007). Recently, Dabney et al. (2011b) 
developed procedures to extend RUSLE2 
to prediction of a representative sequence of 
runoff events. The procedures estimate aver-
age monthly runoff, the number of runoff 
events per year, and the scale parameter of 
a gamma distribution describing the popu-
lation of runoff events, thus permitting 
estimation of the depth of a runoff event for 
a user-specified return period. This was done 
without affecting the sheet and rill erosion 
estimation, which depends primarily on the 
total erosivity and its general time distribu-
tion and less on the actual number of events. 
As described by Dabney et al. (2011b), the 
procedures include increases to predicted 
monthly runoff when a location’s monthly 
erosivity density exceeds 3 MJ ha−1 h−1 (450 
ft-tnf ac

–1 hr–1). The predicted scale factor of 
the gamma distribution describing the popu-
lation or runoff events is then increased by 
a factor equal to by the ratio of predicted 
annual runoff with and without the erosivity 
density adjustment. 

The representative runoff event sequence 
developed by RUSLE2 and the associated 
sheet and rill sediment delivery to the chan-
nel system that terminates RUSLE2 hillslope 
flow paths are suitable for coupling with a 
physically based ephemeral gully model. 
Such a coupled system would provide a more 
complete estimate of water erosion and allow 
the assessment of climate change effects on 
extreme events driven by runoff in addition 
to effects associated with rainfall erosivity. 

Sensitivity of Revised Universal Soil Loss 
Equation, Version 2, Estimates to Climate 
Change Scenarios. The sensitivity of RUSLE2 
runoff and erosion estimates to climate varia-
tions was tested using a one-dimensional 
hillslope profile (profile 2, described below), 
modeled assuming the land was managed 
with conventional tillage and planted to corn 
(Zea mays L.). Input climatic and crop yield 
variables varied alone and in combination and 
included the following: increasing monthly 
temperature by 0.8ºC (1.5ºF), increas-
ing monthly precipitation depth by 10%, 
increasing monthly erosivity density by 10%, 
increasing the depth of P10y, 24h by 10%, and 
increasing or decreasing crop yield levels by 
10%. The rationale and justification for these 
scenarios is discussed below.

Observed Rainfall and Runoff. RUSLE2 
rainfall inputs and runoff and erosion pre-
dictions were compared with measured 
values from the USDA Agricultural Research 
Service Deep Loess Research Station located 
near Treynor, Iowa (Karlen et al. 2009), with 
rainfall observations collected from adjacent 
weighing (gauge 118 , 1964 to1993) and tip-

ping bucket (gauge 117, 1994 to 2004) rain 
gauges. Rainfall erosivity was determined 
from rain gauge data using the Rainfall 
Intensity Summarization Tool (USDA ARS 
2011). Daily observations of runoff and sedi-
ment yield were collected from 1975 to 2002 
at the outlet of Watershed 11 (Rachman et al. 
2008), a 6.6 ha (16 ac) drainage area located 
adjacent to the rain gauges. A topographic 
map of the watershed was used as a figure 
in the RUSLE documentation (figure 5b in 
chapter 4 of Renard et al. 1997) to illustrate 
the proper representation of four hillslope 
flow paths (labeled 1 to 4, figure 1) that extend 
from ridge tops to areas of concentrated flow 
reflected in the topography. The hillslope pro-
file modeled in this study comprises hillslope 
flowpath 2 from figure 1, coupled with local 
climate, soil, and management information.

Throughout the period of the runoff and 
erosion record, a grassed waterway was located 
in the lower portion of the watershed, and the 
field was tilled and planted with contour rows. 
Beginning in 1991, contour grass hedges were 
established (figure 1). Hedges were approxi-
mately 1 m (3.3 ft) wide and were spaced 

Legend

Figure 1 
Topographic map (0.31 m contour interval) of Watershed 11 at Treynor, Iowa, illustrating appro-
priate Revised Universal Soil Loss Equation hillslope flow paths (Renard et al. 1997, figure 5b in 
chapter 4) as well as the extent of observed concentrated flow channels and those determined 
using a D-8 method based on varying minimum contributing areas from 300 m2 to 4,000 m2.
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Figure 3 
Conceptual approach for extending the Revised Universal Soil Loss Equation, Version 2 
(RUSLE2), to a distributed geographic information system (GIS) application. (a) Starting with 
each cell containing a channel (black outline), a GIS algorithm analyzes the flow directions 
map to determine the connectivity and computational sequence of the cells that compose 
a profile. The figure shows three profiles on each side of the channel, identified in different 
colors. Each cell may have varying soil and management attributes. (b) RUSLE2 determines 
effective slope length in each cell by taking appropriate accounting for topographic, soil, 
and management effects on local erosion estimates.

(a) (b)

Slope length for each cell is calculated from 
the ratio of runoff leaving the cell to that 
generated within the cell, thus accounting for 
topographic, soil, and management effects.

RUSLE2 segment
a + b + c

a b

c

d d

Channel

15.4 m (50.5 ft) apart to accommodate 16 
crop rows. From 1975 through 1996, the field 
was farmed with contour-planted conven-
tional tillage corn. From 1997 to 1999, the 
field was planted with no-till soybean (Glycine 
max L.), and a no-till corn–soybean rotation 
was used from 2000 to 2002 (Rachman et al. 
2008). Average corn yield for the period from 
1987 to 1996 was 7.6 Mg ha–1 (6,900 lb ac–1) 
(Eghball et al. 2000). 

One-Dimensional Revised Universal Soil 
Loss Equation, Version 2, Simulations. 
RUSLE2 runoff and erosion simulations are 
generally conducted on one-dimensional 
hillslope flow paths, called profiles, that 
extend from the top of a hill to the point 
where the flow path intersects a concentrated 
flow path. RUSLE2 profiles consists of com-
binations of climate, topographic, soil, and 
management practice descriptions that may 
vary within segments of the profile. In this 
study, RUSLE2 simulations were performed 
for the flow path defined as “profile 2” in fig-
ure 1. To facilitate comparison of RUSLE2 
predictions with historical observations, 
three management systems that mimicked 
historical management of the watershed 
were evaluated: conventional tillage corn 
yielding 7.6 Mg ha–1 (6,900 lb ac–1) (CN), 
similar conventional tillage corn with grass 
hedges (CH), and no-till soybean yielding 
3.0 Mg ha–1 (45 bu ac–1) rotated with no-till 
corn yielding 7.6 Mg ha–1 (NH). The upper 
24.2 m (79.4 ft) of profile 2 was Marshall 
silty clay loam, and the balance of the profile 
was Monona silt loam (figure 2). The other 
three profiles identified in figure 1 were run 
only for the first of these land management 
scenarios. The four profiles varied in topog-
raphy (figure 1) and had slightly different soil 
types (figure 2). Properties of the soils were 
obtained from the official NRCS RUSLE2 
database for Pottawattamie County, Iowa 
(USDA NRCS 2012a). All of the watershed 
soils were hydrologic soil group B in the offi-
cial database, unlike the generic silt loam soil 
with hydrologic soil group C that was used 
in simulation of Dabney et al. (2011a). The 
predominant watershed soil was Monona 
silt loam (fine-silty, mixed, superactive, mesic 
Typic Hapludolls). Input RUSLE2 climate 
database values for Pottawattamie County, 
Iowa, were from the official RUSLE2 data-
base (USDA NRCS 2012a).

Two-Dimensional  Revised Universal 
Soil Loss Equation, Version 2, Watershed 
Representation. The availability of high res-

Figure 2 
General soils map for a region including Watershed 11 at Treynor, Iowa, from the Natural 
Resources Conservation Service Web Soil Survey site (USDA NRCS 2012b) showing the loca-
tions of observed ephemeral and classical gullies.
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olution topographic information from real 
time kinematic global positioning system 
(RTK-GPS) or light detection and ranging 
(LiDAR) surveys creates the opportunity 
to automatically determine the locations of 
concentrated flow areas and thus the ends of 
appropriate RUSLE2 hillslope profiles, using 
GIS tools. Once flow vectors and chan-
nels are identified, other GIS tools permit 
RUSLE2 hillslopes to be defined, including 
flow convergence effects (figure 3a). RUSLE2 
has been modified to allow cell-based com-
putations, where the effective contributing 
“slope length” for each raster is based on the 
ratio of runoff leaving the cell to that gener-
ated within the cell, so that upslope variation 
in management and soil that affect runoff 
amounts is considered in determining the 
effective slope length for each raster (figure 
3b). These developments allow RUSLE2 to 
be called by a shell program through the 
RUSLE2 API and to return a distributed 
assessment of hillslope erosion, deposition, 
and delivery of runoff and sediment to con-
centrated flow channels. 

The representative runoff event sequence 
predicted by RUSLE2 depends on soil, man-
agement, and climate inputs. When applied to 
a domain within which soil and/or manage-
ment may vary, it is desirable that a common 
event sequence be applied to all areas of the 
field. To facilitate this, RUSLE2 calculates the 
runoff event sequence based on the proper-

ties of an “internal profile” that may have 
the same or different soil and management 
properties as segments of the “parent pro-
file.” In this 2-D example, the internal profile 
management was set as “continuous fallow” 
to represent a worst-case event sequence, and 
the internal profile soil was set to a generic 
silt loam soil with hydraulic class “B.” The 
effect of internal profile properties on sheet 
and rill erosion estimates is limited to the 
errors introduced by estimating erosion 
based on a limited number of discrete events 
rather than as the sum of 365 smoothly vary-
ing events per year. 

Because a shell program selects soil, man-
agement, and climate database files and calls 
the RUSLE2 dynamic-link library (DLL) 
through its API, crop yield levels could be 
varied to reflect the influence of spatial varia-
tion among management zones within the 
simulation domain. Similarly, both yields 
and climate descriptions could be varied 
to simulate climate change impacts. In the 
example presented herein, however, the same 
RUSLE2 soils and management systems used 
in the 1-D profile simulations were applied 
to the 2-D distributed simulations. 

 
Results and Discussion
Observed Rainfall Versus Expected Rainfall 
for Conservation Planning. Data are summa-
rized in terms of three observation periods 
when runoff and erosion were measured for 

common land use, with these periods desig-
nated as CN (1975 to 1991), CH (1991 to 
1997), and NH (1997 to 2007). Precipitation 
and erosivity density—and therefore rain-
fall erosivity patterns—observed during the 
three observation periods at the Treynor site 
showed some variability but were generally 
similar to those available for Pottawattamie 
County in the official NRCS database (fig-
ure 4). The official database is intended for 
conservation planning, and 30-year aver-
age values from many locations have been 
smoothed using GIS techniques to give 
consistent trends over broad geographic 
areas (USDA ARS 2008). Generally speak-
ing, rainfall erosivity at the Treynor site was 
higher during June and August than in the 
official database. Annual rainfall erosivity for 
Pottawattamie in the official database was 
2,650 MJ mm ha–1 h–1 (156 hundreds of ft-tnf 
in ac–1 hr–1) compared to 3,610 MJ mm ha–1 
h–1 (212 hundreds of ft-tnf in ac–1 hr–1) during 
CN, 3,020 MJ mm ha–1 h–1 (177 hundreds of 
ft-tnf in ac–1 hr–1) during CH, and 3,190 MJ 
mm ha–1 h–1 (187 hundreds of ft-tnf in ac–1 
hr–1) during NH at the Treynor site.

Potential Climate Change Impacts on 
Runoff, Erosion, and Sediment Yield. The 
impacts of 12 climate scenarios on RUSLE2 
predictions of runoff and erosion are sum-
marized in table 1. In this table, the effects of 
changing individuals and combined climate 
variables and crop yield levels are reported 

Table 1
Sensitivity of Revised Universal Soil Loss Equation, Version 2, predictions for profile #2 (figure 1) to changes in climatic and crop yield inputs. A 
“1” in the case row signifies an input used. A “0” signifies that a default or standard value was used in the case.

Case Y0 Y+ Y– T+ P+ E+ P10+ SY (Mg ha–1) Gcp (Mg ha–1)	 Q	(mm)	 epy	(mm)	 σ	(mm)	 Q1 (mm)

1 1 0 0 0 0 0 0 58  65 65 15 9.1 16
        Relative value
2 1 0 0 1 0 0 0  1.05 1.02 1.01 1.04 1.00 1.00
3 1 0 0 0 1 0 0  1.18 1.17 1.26 1.22 1.19 1.24
4 1 0 0 0 0 1 0 1.24 1.23 0.97 0.87 1.31 1.18
5 1 0 0 0 0 0 1 1.08 1.08 1.02 0.96 0.88 0.82
6 1 0 0 0 1 1 0 1.33 1.33 1.32 1.09 1.48 1.47
7 1 0 0 1 1 1 0 1.38 1.38 1.34 1.13 1.46 1.47
8 1 0 0 1 1 1 1 1.46 1.47 1.33 1.09 1.34 1.35
9 0 1 0 0 0 0 0 0.92 0.90 0.98 1.00 1.00 1.00
10 0 1 0 1 1 1 1 1.33 1.33 1.31 1.09 1.34 1.35
11 0 0 1 0 0 0 0 1.12 1.12 1.02 1.00 1.00 1.00
12 0 0 1 1 1 1 1 1.63 1.63 1.34 1.09 1.34 1.35
Notes: Case 1 is the baseline case using the official Pottawattamie County, Iowa, climate and measured average corn yield inputs to which all other 
cases are compared. Y0 = base corn grain yield of 7.6 Mg ha–1. Y+ = 10% increase in yield. Y– = 10% decrease in yield. T+ = monthly temperature 
increased by 0.8°C. P+ = 10% increase in monthly precipitation. E+ = 10% increase in monthly erosivity density. P10+ = 10% increase in the 10-year, 
24-hour rainfall depth. SY = average annual sediment yield. Gcp = average annual soil loss for conservation planning. Q = average annual runoff. 
epy = runoff events per year. σ = runoff event gamma distribution scale parameter (assuming shape parameter α = 0.5). Q1 = depth of runoff event 
with a 1-year return period.
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relative to the baseline values reported as Case 
1. The ability of RUSLE2 to vary crop yield 
independently from climate variables facili-
tates elucidation of the separate and combined 
influences of climate on physical and biologi-
cal processes and allows the results of a variety 
of crop growth models to be interpreted in 
terms of their effect on soil conservation. 

Increasing monthly temperature by 0.8ºC 
(1.5ºF) (Case 2) resulted in a 5% increase in 
sediment yield, a 2% increase in soil loss for 
conservation planning, and a 1% increase 
in annual runoff. These results reflect the 
increased decomposition of crop residue in a 
warmer climate so that residue biomass and 
cover would be reduced even if rainfall and 
crop yield remained constant. Increasing rain-
fall 10% (Case 3) increased sediment yield by 
18%, soil loss for conservation planning by 
17%, and runoff by 26%. The number and size 
of runoff events per year are predicted to be 
increased about 20%. These effects result from 
the combined influences of increased rainfall 
erosivity and increased decomposition of crop 
residue and surface roughness, which in turn 
increases the runoff curve number. Increasing 
rainfall intensity (erosivity density, Case 4) 
by 10% has similar effects on increasing ero-
sion and sediment yield and runoff event size 
but has little effect on total runoff amounts 
and decreases the number of runoff events 
per year. The combined effect of increasing 
both rainfall amount and intensity (Case 6) 
is an increase in annual runoff and erosion of 
about 33% and an increase in the 1-year run-
off event depth of nearly 50%, which would 
likely greatly increase the driving forces of 
ephemeral gully erosion. Increasing tempera-
ture, rainfall, erosivity density, and the P10y, 24h 
each by 10% (Case 8) results in about a 47% 
increase in erosion, a 33% increase in runoff, 
and a 35% increase in the depth of the runoff 
event with a 1-year return period. 

Crop yield variation in response to climate 
change can be complex (Hatfield et al. 2011). 
In a steady climate, RUSLE2 algorithms pre-
dicted yield variation has more effect on soil 
erosion than it does on runoff (Cases 9 and 
11). Increasing yield 10% results in a 10% 
reduction in soil loss for conservation plan-
ning (Case 9), while a 10% decrease in yield 
results in a 12% increase in soil loss for con-
servation planning (Case 11). The worst case 
scenario investigated is an increase in temper-
ature and rainfall combined with a decrease 
in crop yield (case 12), which results in a 63% 
increase in sheet and rill erosion as well as 
increases in ephemeral gully erosion expected 
from a 34% increase in annual runoff and a 

Figure 4 
Observed monthly (a) rainfall depth, (b) erosivity density, and (c) rainfall erosivity during three 
periods (1975 to 1991 [CN: conventional tillage and no hedge], 1991 to 1997 [CH: conventional 
tillage and grass hedge], and 1997 to 2002 [NH: no-till and hedge]) and the corresponding 
long-term values from the official USDA Natural Resources Conservation Service Revised Uni-
versal Soil Loss Equation, Version 2, database for Pottawattamie, Iowa (R2).

(a)

(b)

(c)

Legend

CN CH NH R2

1 3 5 7 9 11 

1 3 5 7 9 11 

1 3 5 7 9 11 

Month

Month

Month

180
160
140
120
100

80
60
40
20

0

10
9
8
7
6
5
4
3
2
1
0

1,200

1,000

800

600

400

200

0

R
ai

nf
al

l (
m

m
)

Er
os

iv
ity

 d
en

si
ty

 (M
J 

ha
-1

 h
-1
)

R
ai

nf
al

l e
ro

si
vi

ty
 (M

J 
m

m
 h

a-1
 h

-1
)

C
opyright ©

 2012 Soil and W
ater C

onservation Society. A
ll rights reserved.

 
w

w
w

.sw
cs.org

 67(5):343-353 
Journal of Soil and W

ater C
onservation

http://www.swcs.org


349SEPT/OCT 2012—VOL. 67, NO. 5JOURNAL OF SOIL AND WATER CONSERVATION

35% increase in the depth of a runoff event 
with a 1-year return period.

The climate scenarios created by increasing 
temperature by 0.8ºC (1.5ºF) and increas-
ing rainfall parameters by 10% are similar to 
values found in the official NRCS database 
for nearby locations (table 2). For example, 
increasing the rainfall depth and erosivity 
density each by 10% increases the resulting 
rainfall erosivity (R) factor from 2,650 to 
3,210 MJ mm ha–1 h–1 (156 to 189 hundreds 
of ft-tnf in ac–1 hr–1) at Treynor, Iowa. This 
higher value is essentially equal to the 3,220 
MJ mm ha–1 h–1 (189 hundreds of ft-tnf in 
ac–1 hr–1) currently found in the database for 
Clarinda, Iowa, located about 70 km (43 mi) 
to the southeast of Treynor, and is less than 
the 3,330 MJ mm ha–1 h–1 (196 hundreds of 
ft-tnf in ac–1 hr–1) found in the database for 
Bethany, Missouri, located about 150 km (93 
mi) from Treynor. Thus, the level of changes 
investigated (and anticipated in the next 50 to 
100 years) did not create conditions that are 
outside the range of the data used to derive 
the statistical algorithms that are relied upon 
in RUSLE2 to predict runoff and erosion 
amounts or runoff event populations.

One-Dimensional Revised Universal 
Soil Loss Equation, Version 2, Predictions 
Compared to Observed Runoff, Erosion, 
and Sediment Yield. RUSLE2 runs were 

performed for the four profiles illustrated 
in figure 1 for the CN period with con-
ventional tillage corn without grass hedges 
(table 3). RUSLE2-predicted runoff from 
all profiles was similar, so only an average is 
reported. This average was about 38% greater 
than the observed runoff during the CN 
period. Part of this difference may be due 
to the fact that the RUSLE2 simulation did 
not include a representation of the grassed 
waterway located in the lower portion of 
the watershed, where infiltration might be 
higher. Examination of the temporal patterns 
of runoff (figure 5) indicates that the pattern 
of peak runoff occurring during the summer 
was correctly mimicked. The Nash-Sutcliffe 
model efficiency coefficient (Moriasi et al. 
2007) for uncalibrated predicted monthly 
runoff amounts was 0.35 (n = 36).

The predicted distribution of runoff events, 
reflected in the number of runoff events per 
year and the gamma distribution parameters, 
resulted in a reasonable match for predict-
ing the magnitude of daily runoff amounts 
for events of varying return period (figure 
6). Considering that this population had no 
local calibration, the results provide support 
for the assertion that RUSLE2 runoff event 
outputs could be productively coupled with 
a process-based model to estimate ephemeral 
gully erosion. The results also suggest that 

RUSLE2 can be used to predict not only 
average annual soil loss, but also the magni-
tude of extreme events that may occur as a 
result of climate change if climate downscal-
ing models can correctly estimate climate 
change effects on crop yield and RUSLE2 
climate descriptions. 

Estimated sediment yield from the four 
profiles to the concentrated flow channels 
varied from 49 to 64 Mg ha–1 y–1 (22 to 29 
tn ac–1 yr–1). All of these values exceeded 
measured sediment yield at the watershed 
outlet and exceeded the watershed average 
erosion rate estimated with the distributed 
2-D RUSLE2 application (table 3). These 
profiles were all located on the steeper-than-
average portions of the watershed (figure 1), 
so average erosion of these profiles would 
be expected to be greater than that of the 
watershed average that includes flatter areas. 

No consideration of erosion or deposi-
tion in the channels was made in either the 
profile or distributed RUSLE2 predictions 
in this study, as these would have required 
a complete channel erosion and deposi-
tion model. Fiener and Auerswald (2003) 
reported that, depending on management, 
grassed waterways were important sinks for 
eroded sediment. Such deposition is prob-
ably a reason why the observed watershed 
sediment yield is lower than the hillslope 

Table 2
Comparison of climatic inputs for Pottawattamie County, Iowa, adjusted inputs under tested climate change scenarios, and climatic inputs for Page 
County, Iowa, and Harrision County, Missouri.

Input location or scenario Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Pottawattamie County (Treynor), Iowa*
 Avg. temperature (°C) –7.08 –4.09 2.52 10.2 16.5 21.6 24.1 22.3 17.7 11.2 3.12 –4.7
 Avg. precipitation (mm) 18 20 54 74 110 110 95 93 100 63 37 27
 Erosivity density (MJ ha–1 h–1) 0.221 0.281 1.04 1.85 3.28 4.75 6.28 4.92 3.39 1.94 1.14 0.46
Pottawattamie County (+10%), Iowa †
 Avg. temperature (°C) –6.14 –3.15 3.46 11.1 17.4 22.5 25 23.2 18.6 12.1 4.06 –3.76
 Avg. precipitation (mm) 20 22 59 82 120 120 100 100 110 70 40 29
 Erosivity density (MJ ha–1 h–1) 0.243 0.309 1.14 2.04 3.61 5.23 6.91 5.41 3.73 2.13 1.25 0.508
Page County (Clarinda), Iowa, ~70 km from Treynor ‡
 Avg. temperature (°C) –6.24 –3.18 3.34 10.7 17 22.1 24.6 22.9 18.3 11.8 3.93 –3.73
 Avg. precipitation (mm) 20 23 57 81 110 110 120 110 110 69 46 30
 Erosivity density (MJ ha–1 h–1) 0.348 0.449 1.19 2.18 3.61 4.98 6.4 5.23 3.9 2.4 1.41 0.623
Harrison County (Bethany), Missouri, ~150 km from Treynor§
 Avg. temperature (°C) –5.65 –2.74 3.96 10.9 16.8 21.9 24.7 23.2 18.5 12.2 4.56 –2.94
 Avg. precipitation (mm) 25 24 62 83 110 100 110 110 110 82 52 37
 Erosivity density (MJ ha–1 h–1) 0.469 0.63 1.38 2.37 3.72 5.35 6.4 5.29 3.98 2.59 1.54 0.797
* 10-year, 24-hour precipitation depth (P10yr, 24h) = 119 mm; erosivity (R) = 2,650 MJ mm ha–1 h–1.
† P10y, 24h = 131 mm; R = 3,210 MJ mm ha–1 h–1.
‡ P10y, 24h = 124 mm; R = 3,220 MJ mm ha–1 h–1.
§ P10y, 24h = 127 mm; R = 3,330 MJ mm ha–1 h–1.
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Figure 5 
(a, c, and e) Observed rainfall, runoff, and sediment yield for Watershed 11 in Treynor, Iowa, during three management periods ([a] conventional 
tillage and no hedge, 1975 to 1991; [c] conventional tillage and grass hedge, 1991 to 1997; and [e] no-till and grass hedge, 1997 to 2002) and (b, 
d, and f) the predictions of the Revised Universal Soil Loss Equation, Version 2, for profile 2 (figure 1) based on (b and d) a 7.6 Mg ha–1 corn grain 
yield ([b] conventional tillage and no hedge and [d] conventional tillage and grass hedge) or (f) 7.6 Mg ha–1 corn rotated with 3 Mg ha–1 soybean 
yield (no-till and grass hedge) and 30-year average climatic inputs. 

R
un

of
f (

m
m

) o
r s

ed
im

en
t 

 y
ie

ld
 (M

g 
ha

 -1
) R

ainfall (m
m

)

RainSediment YieldRunoff

R
ainfall (m

m
)

Legend

R
un

of
f (

m
m

) o
r s

ed
im

en
t 

 y
ie

ld
 (M

g 
ha

 -1
)

40
35
30
25
20
15
10

5
0

R
un

of
f (

m
m

) o
r s

ed
im

en
t 

 y
ie

ld
 (M

g 
ha

 -1
)

160
140
120
100
80
60
40
20
0

R
un

of
f (

m
m

) o
r s

ed
im

en
t 

 y
ie

ld
 (M

g 
ha

 -1
)

40
35
30
25
20
15
10

5
0

R
ainfall (m

m
)

160
140
120
100
80
60
40
20
0

R
ainfall (m

m
)

160
140
120
100
80
60
40
20
0

R
ainfall (m

m
)

160
140
120
100
80
60
40
20
0

R
ainfall (m

m
)

R
un

of
f (

m
m

) o
r s

ed
im

en
t 

 y
ie

ld
 (M

g 
ha

 -1
)

40
35
30
25
20
15
10

5
0

R
un

of
f (

m
m

) o
r s

ed
im

en
t 

 y
ie

ld
 (M

g 
ha

 -1
)

40
35
30
25
20
15
10

5
0

40
35
30
25
20
15
10

5
0

160
140
120
100
80
60
40
20
0

1 3 5 7 9 11 1 3 5 7 9 11

1 3 5 7 9 11 1 3 5 7 9 11

1 3 5 7 9 11 1 3 5 7 9 11

Month Month

Month Month

MonthMonth

sediment yield estimates during the CN 
period. Conversely, ephemeral gully channel 
erosion is the likely reason why the observed 
watershed sediment yield is higher than the 
RUSLE2 sheet-and-rill erosion predictions 
during the NH period.

Two-Dimensional Distributed Predicted 
Erosion Patterns. Application of RUSLE2 
to the 2-D watershed representation resulted 
in a complex pattern of erosion and deposi-
tion (figure 7). The average of erosion and 
deposition on all the rasters of the domain 

represents the watershed average hillslope 
sediment yield to the channel system. For 
the CH period (figure 7), this average was 35 
Mg ha–1 y–1 (15.6 tn ac–1 y–1) (table 3), a value 
lower than that from the four representative 
profiles on the steeper-than-average parts of 

C
opyright ©

 2012 Soil and W
ater C

onservation Society. A
ll rights reserved.

 
w

w
w

.sw
cs.org

 67(5):343-353 
Journal of Soil and W

ater C
onservation

http://www.swcs.org


351SEPT/OCT 2012—VOL. 67, NO. 5JOURNAL OF SOIL AND WATER CONSERVATION

Table 3 
Official Revised Universal Soil Loss Equation, Version 2 (RUSLE2), Pottawattamie County average 
annual rainfall and erosivity and observed and predicted average annual runoff and sediment 
yield (SY) for Watershed 11 near Treynor, Iowa, using “continuous fallow” in the internal RUSLE2 
profile to create a common representative storm sequence for all soil and land management 
combinations. CN is conventional tillage corn yielding 7.6 Mg ha–1; CH is conventional tillage 
corn with grass hedges; and NH is no-till soybean yielding 3.0 Mg ha–1 rotated with no-till corn 
yielding 7.6 Mg ha–1 with grass hedges.

 Pottawattamie CN (1975 CH (1991 NH (1997
Parameter County to 1991) to 1997) to 2002)

Annual rainfall (mm) 801 811 766 835
Annual erosivity (MJ mm ha–1 h–1 y–1) 2,650 3,610 3,020 3,190
Runoff observed (mm) — 50 48 78
Runoff predicted (mm) — 69 66 47
Observed SY (Mg ha–1 y–1) — 14.6 5.6 11.3
Profile 1 (75 m, 13%)* SY (Mg ha–1 y–1) — 49 — —
Profile 2 (94 m, 13%) SY (Mg ha–1 y–1) — 63 28 1.5
Profile 3 (77 m, 11%) SY (Mg ha–1 y–1) — 51 — —
Profile 4 (65 m, 13%) SY (Mg ha–1 y–1) — 64 — —
Distributed hillslope SY(Mg ha–1 y–1) — 35 20 0.4
* Profile flow path length and average steepness given parenthetically.

the field and larger than the observed sedi-
ment delivery from the watershed outlet. 

 Comparison of treatment effects involv-
ing grass hedges (CH) and no-till (NH) 
was limited to profile 2 and the distributed 
watershed version. In both modeling and 
field observations, addition of grass hedges 
reduced sediment yield by more than 50%. 
Predicted hedge effects on runoff reduc-
tion were modest (4%), which was similar 
to the 7% reduction predicted when WEPP 
was applied to this watershed (Rachman et 
al. 2008). When cropping was converted to 
no-till, RUSLE2 predicted >90% reductions 
in hillslope sediment yield and also pre-
dicted >20% reduction in runoff. In contrast, 
measured watershed runoff and sediment 
yield increased during the NH period 
relative to the CH period. A similar mea-
sured increase in runoff during these years 
of no-till management was observed in an 
adjacent watershed by Karlen et al. (2009). 
The increased measured erosion during this 
period is attributed to ephemeral gully ero-
sion driven by increased runoff and may 
reflect the greater than average precipitation 
that occurred during the NH period (table 
3). Tomer et al. (2007) reported sediment 
depositional patterns in forested riparian 
buffer that corresponded to the outlets of 
ephemeral gullies located just north of the 
outlet of Watershed 11 (figure 2).

The modeled distributed runoff and 
hillslope sediment yield results from the 
representative event sequence are physically 
meaningful and are suitable for linkage with 
a physically based channel erosion model 
to separately estimate erosion or deposi-
tion in channels (Dabney et al. 2011b). 
Unfortunately, no such model is currently 
available that can handle the complex net-
works of gully channels predicted by the 
D-8 (deterministic eight-node) flow accu-
mulation algorithm (figure 7) or observed 
in the field (figure 2). There is a pressing 
need for the development of a robust and 
flexible ephemeral gully erosion model 
and for suitable ways to describe the initial 
channel hydraulic properties and gully soil 
erodibility properties in order to provide 
comprehensive estimates of field-scale soil 
erosion by water and to properly credit the 
conservation effects and optimal placement 
of conservation practices. 

Figure 6
Comparison of runoff event depths for events of varying return periods based upon 
observations (1975 to 2002) and predictions (with no local calibration) of the number of 
runoff events per year (epy) and gamma distribution shape (α) and scale (σ) parameters 
(Dabney et al. 2011b).
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Summary and Conclusions
RUSLE2 predictions of runoff, erosion, and 
sediment yield were compared with observa-
tions collected at the Watershed 11 research 
watershed near Treynor, Iowa, during the 
period from 1995 to 2002. Observed precip-
itation patterns were found to be generally 
consistent with the average values found 
in the official NRCS RUSLE2 database. 
Estimated soil erosion rates on four repre-
sentative profiles within Watershed 11 were 
higher than the modeled watershed average 
sheet and rill erosion rate and higher than the 
observed sediment delivery at the watershed 
outlet. The higher estimated erosion rates 
on the representative profiles were expected 
because they represent the critical parts of a 
field that are typically the focus of conser-
vation planning activities. If conservation is 
adequate on these critical slopes, conserva-
tion will also be adequate everywhere else. 

An example of a RUSLE2 distributed 
version was presented that allowed spatial 
patterns of erosion and deposition to be 
visualized at a 3 m (9.8 ft) resolution. The 
distributed RUSLE2 output also provides the 
necessary inputs for linkage with a process-
based ephemeral gully model. The conceptual 

basis for the distributed calculations was 
presented, showing how slope length and 
steepness are determined for each raster cell 
in such a way that realistically accounts for 
flow convergence and spatial variation in soil 
and land management properties. 

The effects of climate change on expected 
runoff and erosion amounts were explored 
by varying the official RUSLE2 climate 
record of Pottawattamie County, Iowa. 
Monthly temperature was increased by 
0.8ºC (1.5ºF), and rainfall depth, rainfall ero-
sivity density, and P10y, 24h were each increased 
by 10%. Evaluated individually and in com-
bination, these changes all increased soil 
erosion, and most increased runoff as well. 
The combination of all these changes, when 
applied to a representative hillslope profile of 
Watershed 11 farmed with conventional till-
age corn, increased sheet and rill erosion by 
47% and runoff by 33%. Thus, RUSLE2 pro-
vides results comparable to those predicted 
by process-based models, showing that a 
relative increase in precipitation-related cli-
mate variables is likely to result in a larger 
proportional change in soil erosion and sedi-
ment delivery. The above results assumed no 
change in corn yield. Under the current 

climate, a 10% increase in yield reduced 
estimated erosion by 8%, whereas under a 
predicted future climate, the net effect is a 
33% increase in estimated erosion. If the cli-
mate changes decreased corn yield by 10%, 
the overall effect was to increase soil loss for 
conservation planning by 63%. This consid-
erable sensitivity of erosion estimates to 10% 
changes in climate variables is not a result of 
creating unrealistic climatic descriptions, as 
it is demonstrated that the modified climate 
records are similar to those existing within 
70 to 150 km (43 to 93 mi) southeast of the 
research watershed. 

Our results demonstrate that modest 
and expected changes in climate will sig-
nificantly increase the risk of soil erosion. 
Improved conservation management will be 
an important part of successful adaptation. 
Recent enhancements to RUSLE2 allowing 
it to predict the size of extreme events have 
improved its utility as a conservation plan-
ning tool to assess the likelihood of success 
of conservation practices under current or 
future climates.
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