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New methods were tested to evaluate the ground cover parameters used in the WEPP 

model. Rainfall simulator plot data, collected from fifteen rangeland ecosystems across the 

western United States, were used to evaluate modifications to the ground cover components 

for rill and interrill areas in the model. Observed and predicted values of average sediment 

yield were compared for six different configurations of the model. The modifications made 

to WEPP to incorporate measured ground cover distributions resulted in a lower r for 

predicted sediment yield than any of the configurations in which ground cover distribution 

was not modified. This result was due to a reduction in the calculated value of total interrill 

ground cover. The model equations used to adjust interrill erodibility for the effect of 

interrill ground cover were adversely affected. The result was that interrill erodibility values 

were increased for many of the plots tested. 
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INTRODUCTION 

Hydrologic computer simulation models are playing an increasingly important role 

in understanding and predicting the behavior of natural systems. These tools can be used to 

predict environmental responses to changes in land use and effects of fluctuations in climate 

on hydrologic processes such as runoff and erosion. Despite significant advances in the 

technology, model predictions are subject to errors that are inherent in representing natural 

systems. One source of error is a gap in knowledge about the spatial distribution of the 

amount and kind of vegetation present on a site. This is particularly true on semiarid 

rangelands where spatial and temporal variations in hydrologic processes are significant, due 

in large part to variations in vegetative characteristics. 

Models currently being used by natural resource managers for simulating water 

erosion require a number of inputs that represent ground cover components. These 

parameters are extremely important for the accuracy of the results. Some of these inputs are 

readily available. The Soil Conservation Service, for example, collects much of these data, 

available from either the Range Evaluation Form (417) or the Range Site Description Form. 

However, several parameter values, including canopy and ground cover, are not commonly 

collected. Such values represent a void that needs to be filled to model erosion processes 

more efficiently. 
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1.1 Problem Statement 

Physically-based process simulation models are used for predicting the behavior of 

natural systems. The Water Erosion Prediction Project (WEPP) model (Lane and Nearing, 

1989) is being developed as a means of estimating soil erosion from farms, forests, and 

rangelands. A significant problem associated with process-based models such as WEPP is 

a lack of accuracy in the field data used to parameterize them. This is caused by problems 

with sampling techniques and lack of data, resulting in unreliable parameters and thus in 

unreliable model predictions. 

Certain biological resources are known to have significant impact on model results. 

Ground surface cover, comprised of several different components, is particularly difficult to 

measure due to its large spatial and temporal variability. Current methods for collecting data 

that describe the properties of ground cover use measurements taken along randomly 

determined strips, lines, belts, or quadrats. These methods are labor-intensive and expensive. 

In addition, the sampling areas tend to be small and collecting adequate data to represent the 

large-scale characteristics of the landscape is not always feasible. Therefore, new methods 

are needed to optimize the collection of vegetation data required to parameterize process-

based hydrologic and erosion simulation models. These methods must be based on a better 

understanding of the interrelationships and impact of vegetation and other components of 

ground cover on infiltration, surface runoff, and soil erosion. 

Currently, the WEPP model assumes a uniform distribution of vegetation and surface 

cover across the landscape. No distinction is made between the influence of ground cover 



in rill and interrili areas on hydrologic and erosion processes. For the purposes of the model, 

rills are defined as interspace (i.e., no canopy cover present) and interrills are defined as 

under canopy. The fraction of litter cover (all recognizable plant leaves, branches, duff, and 

humus) is assumed to be the same in rill and interrili areas for any given simulation. Litter 

is highly correlated to canopy cover and is the most effective surface cover for preventing 

soil erosion. This has serious implications for model results because litter is the most 

sensitive model parameter for preventing soil erosion (Tiscareno-Lopez, 1993). 

The current version of the WEPP model simulates canopy and ground cover to 

represent the aggregate total of an entire plant community without making any distinctions 

between the influence of individual species. With this lumped-cover approach, the model 

does not address the effects of differences in vegetative characteristics across the landscape. 

The result is that the predicted peak runoff rate is incorrect. If the value of basal cover 

located in rills is incorrect, then the peak runoff rate predicted by the model will be biased. 

Therefore, there is a need for an improved method to stratify the landscape to improve 

predictions of total runoff volume, peak discharge and soil erosion. 
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1.2 Objectives 

The main objective of this research was to improve the prediction of sediment yield 

in the WEPP model for rangeland applications. The following three sub-objectives were also 

considered: 

1. The measured distribution of ground cover components in rill and interrill 

areas in the model was evaluated. 

2. Changes in the equations used to calculate the interrill detachment rate in 

WEPP were evaluated. 

3. Changes in the model's baseline equations used for calculating Ke were 

evaluated. 

A secondary objective was to develop an improved baseline predictive equation for 

effective hydraulic conductivity for future use in the WEPP model for rangeland conditions. 

The development of this equation was based on field data collected during the WEPP 

rangeland field study (Simanton et al., 1991). 
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1.3 Approach 

To achieve the above-stated objectives, it was necessary to find out if, and to what 

extent, the WEPP model would be benefited by partitioning the various components of 

ground cover between rill and interrill areas. Version 93.13 of the model was tested in the 

single-event mode to determine if such changes would make a difference to model output. 

A sensitivity analysis was conducted over a range of possible spatial distributions of each 

of three ground cover components (litter, rock and basal vegetation) to determine the effect 

on model predicted sediment yield. 

An extensive literature review indicated that little information is available about the 

spatial location of surface ground cover in relation to canopy cover (interrill) and interspace 

areas on rangelands. The WEPP model assumes that vegetation and surface cover are 

uniformly distributed across the landscape. This assumption was tested to find if it holds true 

for the range sites across the western United States for which data were collected during the 

WEPP field experiments conducted in 1987 and 1988. 

WEPP was modified, based on the hypothesis that there is a difference in the way the 

model responds to cover, depending on its physical location on the landscape. The model 

was adjusted to accept the input of each cover component as a fraction of that component 

located in rills and interrill areas. Thus, litter, rock, basal vegetation, cryptogams and bare 

soil were separated as inputs between rill and interrill areas. Two versions of WEPP were 

run for a single event using a linear hillslope, and all sets of predictions were compared with 

each other and observed data. 
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A new baseline predictive equation for effective hydraulic conductivity (Ke) was 

derived using multiple linear regression analysis. Regression models were developed using 

measured soil and cover data for forty-four plots in natural condition at field capacity. 

Corresponding values of KL. were optimized using observed runoff data. Soil parameters 

used in the analysis include percent sand, silt, and clay, cation exchange capacity, bulk 

density, and organic matter. Both the total cover values for each component of ground cover 

and the cover values for each component in rill and interrill areas were evaluated. 

1.4 Benefits 

The most important benefit of this research was an increased understanding about the 

functioning of the WEPP model for rangeland applications. Model predicted sediment yield 

may ultimately be improved. Limitations of some of the predictive equations currently used 

in the model were identified and possible improvements were suggested. 

As a result of this research, it might be possible to establish minimum values and 

distributions of ground cover characteristics that must be present on a site to prevent erosion 

from exceeding a threshold value for a predefined rainfall event. This would be useful in 

decision-making processes for the selection of land-use alternatives. The techniques 

developed could be used to generate databases at larger scales that provide guidelines in 

determining unknown parameter values for use in process-based models such as WEPP. 
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1.5 Research Facilities 

This research was supported by the United States Department of Agriculture -

Agricultural Research Service - Southwest Watershed Research Center in Tucson, Arizona, 

in collaboration with the Renewable Natural Resource Studies Program of the School of 

Renewable Natural Resources at the University of Arizona. The statistical analyses were 

conducted with the SAS for Windows, Version 6.2, statistical software package (SAS 

Institute Inc., 1992)'. 

1 The mention of trade or firm names in this paper is for reader information only, and 
does not imply endorsement of any product or service by the U.S. Department of 
Agriculture or the University of Arizona. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 WEPP Model Description 

Erosion prediction is the most effective tool for soil conservation planning and design 

in the United States. It is used to rank alternate management practices with regard to their 

likely impact on erosion. The Universal Soil Loss Equation (USLE) is currently the most 

widely used erosion prediction technology throughout the world. The USLE is an empirical, 

factor based equation; therefore, the soil erosion process is quantified and approximated by 

a series of factors, each of which represents one or more processes. While the USLE is 

useful for predicting average long-term soil loss, it is not useful for short-term predictions. 

USLE only considers net hillslope erosion, not deposition along the hillslope. Furthermore, 

it cannot be applied to conditions that are different from those under which it was developed 

(cropland with medium textured soils). 

User groups have called for a more sophisticated tool for erosion prediction. Recent 

advances in several fields have made the development of a process-based model possible 

(Lane et al., 1989). In 1985 four agencies, the USDA Agricultural Research Service, the Soil 

Conservation Service, the Forest Service, and the USDI Bureau of Land Management all 

agreed to develop a new generation of erosion prediction technology to replace the USLE. 

The Water Erosion Prediction Project (WEPP) was developed to provide this technology for 

organizations involved in soil and water conservation and environmental assessment. To 
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increase the accuracy of erosion predictions, WEPP computes more processes that contribute 

to soil erosion and increases the accuracy of erosion predictions. If successful, WEPP will 

replace the USLE. Although the complexity of the model makes it more robust and accurate, 

it also makes it very expensive and time consuming to develop, test and apply. 

The advantages of WEPP over empirical soil erosion models such as the USLE are 

many. WEPP can estimate the spatial and temporal distributions of soil loss and sediment 

yield at any point on a hillslope or within a watershed. Erosion and hydrologic parameters 

are calculated directly from soil and vegetation characteristics. WEPP can be applied beyond 

the range of conditions for which it was validated (Stone et al., 1990). From a management 

perspective, WEPP can provide better information about where to locate conservation 

practices to achieve specific goals such as the reduction of soil loss or sediment deposition 

at the bottom of a slope (Laflen et al., 1991). 

One objective of this study was to validate the WEPP hillslope model for native 

rangeland vegetation for prediction of hydrologic and soil erosion variables The following 

sections provide an overview of the model and the equations used in WEPP to describe the 

processes of overland flow, infiltration, detachment, transport and deposition. 

2.1.1 Model Overview 

The WEPP model is based on the fundamentals of infiltration theory, hydrology, soil 

and plant science, hydraulics, and erosion mechanics. It is designed to apply to field-sized 

areas ranging in size from small plots to areas of several hundred hectares (Stone et al.. 
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1990). To take this size variability into consideration, there are three versions of the model: 

a hillslope profile version, a watershed version, and a grid version. 

The profile version simulates the spatial and temporal variability of erosion on a 

hillslope profile. It can be run as either a single storm or continuous simulation model. The 

watershed version, an extension of the hillslope profile model, applies to watersheds having 

one or more hillslope profiles. It computes sediment transport, deposition, and detachment 

in small channels as well as sediment deposition in small impoundments. The grid version 

is designed to describe erosion and sediment movement in either regular or irregularly 

shaped areas that have boundaries other than the watershed boundaries. 

This discussion will concentrate on the hillslope profile version. The WEPP model 

is a process-based, distributed parameter, continuous simulation model. It was developed 

as a tool to compute the spatial and temporal distribution of erosion and deposition within 

small agricultural watersheds. It is intended to simulate the effects of land use and 

management practices on the spatial and temporal variability of erosion processes. Three 

major components, each representing a different landform, comprise this model: hillslope, 

channel, and impoundment. 

I-Iillslopes can be defined as areas on which broad sheet flow occur. The hillslope 

component calculates rainfall excess, peak runoff rate, interrill erosion, sediment delivery 

to rill flow areas, rill erosion, sediment transport capacity, and the existing sediment load in 

the flow. Channels include ephemeral gullies, established channels, or concentrated flow 

areas. The channel component calculates channel infiltration, watershed peak discharge rate, 
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flow depth, hydraulic shear stress along the channel, detachment, and transport and 

deposition within permanent channels. Finally, impoundments are areas in which flow is 

retained temporarily or permanently by a man-made structure such as a reservoir or terrace. 

The impoundment component computes deposition within terrace impoundments and stock 

tanks, and sediment delivery through spillways (Lane and Nearing, 1989). 

WEPP consists of a number of sub-components. CLIGEN, the climate generator 

model, can simulate climatic factors, such as rainfall (when actual data are not available) 

based on a watershed's coordinates (latitude and longitude). The evapotranspiration 

component takes water depletion in the soil matrix into account. The model is also able to 

simulate plant growth, based on factors such as season, temperature, soil moisture, and total 

leaf area index. It is also capable of daily parameter updating. This is important because it 

means that WEPP can simulate continuous processes that are important to erosion, such as 

plant growth and soil moisture content. WEPP also takes management practices, such as 

grazing and tillage, into account to simulate changes in land use. 

The very important hydrologic component of WEPP generates values for infiltration 

and runoff, which are governed by the Green and Ampt Equation. This equation uses the 

matric potential of the soil and saturated hydraulic conductivity, two measurable parameters, 

WEPP is able to update infiltration parameters as runoff occurs, making it a process-based 

model. The model is also able to compute rainfall disaggregation, breaking down average 

daily rainfall into time-intensity breakpoint data. Overland flow can be simulated using the 

approximate kinematic wave method to compute peak runoff. Finally, channel transmission 
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losses are computed based on hydraulic conductivity in the channel bottom. 

The erosion component is made up of two types on overland flow areas: rill and 

interrill erosion. Rill erosion is the detachment, transport and deposition of soil particles by 

concentrated flow. These concentrated flow areas can be removed by a tillage operation. 

Rill erosion is a function of soil type, shear stress and transport capacity. Interrill erosion can 

be defined as the detachment of soil particles by raindrop impact and sediment transport by 

broad sheet flow. It is a function of soil characteristics such as texture, organic matter, and 

cation exchange capacity (a measure of the cohesiveness of the soil aggregates). The 

following sections will examine the hydrology and erosion components of WEPP in greater 

detail, and the fundamental equations used in the model will be described. 

2.1.2 Hydrology 

In WEPP, the characteristics of runoff from a rainfall event drive the process of soil 

erosion by the movement of overland flow down a hillslope. Rainfall excess is the surplus 

of rainfall over infiltration. The rainfall excess rate is used to calculate runoff rates by 

solving the kinematic wave equations for one-dimensional overland flow (Liggett and 

Woolhiser, 1967). Runoff volume is also calculated for each hillslope element within the 

watershed. Volumetric channel transmission losses are computed for each channel within 

the watershed. Total transmission losses are subtracted from total runoff volume, resulting 

in watershed runoff volume. Peak discharge at the watershed outlet is computed from the 

simulated runoff volume using relationships from either the CREAMS (Knisel, 1980) or 
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SPUR (Wight and Skiles, 1987) model. Effective duration of runoff for the entire 

watershed is then calculated by dividing runoff volume by peak discharge. 

Infiltration parameters are updated on a daily basis to account for temporal variations 

in soil moisture content and changing vegetation cover. The infiltration component of the 

WEPP hillslope model uses a modified Green and Ampt equation (Chu, 1978) to simulate 

infiltration for unsteady rainfall events, allowing for alternating periods of ponded and 

unponded conditions. The infiltration rate is equal to the rainfall rate and the cumulative 

infiltration is equal to the cumulative rainfall prior to ponding. The infiltration rate starts to 

decline as ponding begins. The infiltration rate decreases as the moisture content of the soil 

increases. If infiltration continues for a sufficient period, it approaches a final saturated rate. 

The Green and Ampt equation used in WEPP to calculate cumulative infiltration 

depth takes the form: 

K t = F - N In 1 , f -
N. 

(2 . 1 )  

where Ke is the effective saturated hydraulic conductivity (m s'1), / is the time since ponding 

(s), F is the cumulative infiltration depth (m), and Nx is the effective matric potential (m). 

The effective matric potential is calculated as: 

N, = (Ti, - 0W) ill (2.2) 

where ti,. is effective porosity (m3 nv3), 0,. is volumetric water content (m3 nr3), and ijf is the 

average matric potential across the wetting front (m). Thus, the infiltration rate will be 
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reduced with a low average matric potential resulting from high initial saturation in the soil. 

This corresponds to results of a study by Tromble et al. (1974), who reported that as 

antecedent soil moisture increased, infiltration rates decreased. The finite lower limit of the 

infiltration rate is defined by the effective saturated hydraulic conductivity parameter (KL.) 

(van der Zweep, 1992). 

2.1.3 Erosion 

Soil detachment, sediment transport and deposition, shear stress, and flow in rills and 

interrills are all represented in the WEPP model. The steady state continuity equation 

developed by Foster and Meyer (1972) for sediment is used to represent both rill and interrill 

processes. The equation takes the form: 

f =4 • * (2.3, 

where G is the eroded sediment load (kg m"1 s"1), x is the distance from the top of the slope 

(m), Dj is the delivery rate of interrill sediment to the rills (kg m"2 s'1), and Dr is the rill 

erosion rate (kg m"2 s°). 

In interrill areas, soil is detached by raindrop impact, and the interrill erosion rate is 

considered to be independent of the distance downslope. WEPP assumes that all sediment 

detached from interrill areas is carried to the rill (concentrated flow) areas by overland flow. 

It is then either carried off the hillslope by the flow in the rill or deposited in the rill. Two 

versions of the equation used to compute the interrill detachment rate are presented below 
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because they are each used in the two versions of the model compared in this analysis. In 

older versions of WEPP (pre-94.3), the interrill detachment rate was estimated as: 

D. = K, I I C G t i » 9 9 (2.4) 

where Kt is the interrill soil erodibility parameter (kg s m"4), lt is the rainfall intensity (m s"1), 

Ct, is the effect of canopy cover on interrill erosion (unitless), Gf is the effect of ground cover 

on interrill erosion (unitless), Rx is the spacing of the rills (m), and ir is the rill width (m). 

The effect of canopy cover is estimated by the equation: 

Ct = I - Fc e(2.5) 

where Fc is the fraction of the soil protected by vegetative canopy and Hc is effective canopy 

height (m). The ground cover effect on interrill sediment delivery is given by the equation: 

G. = e  " K >  ( 2 . 6 )  

where g, is the fraction of interrill ground cover. 

In more recent versions of WEPP (94.3 and later), the equation representing the 

interrill detachment rate was revised to provide a more realistic physical representation of 

the interrill detachment process. The new equation is given as: 

Dt = K, / q, R, C G (2.7) 

where f/, is the average unit discharge of ninoff from interrill area over time of excess rainfall 
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(nr s"1), Rj is the weighted interrill sediment delivery ratio based on roughness (unitless), and 

all other variables are the same. 

The rill detachment rate describes the rate of soil particle detachment in rill flow areas 

that results from shear stress by concentrated flow. It is calculated using the following 

equation: 

where Kr is the rill soil erodibility parameter (s m"!), x is the average flow shear stress in the 

cross section (Pa), rt. is the critical hydraulic shear stress of the soil (Pa), G is sediment load 

(kg m"1 s'1), and Tt. is the transport capacity of the flow in the rill (kg m"1 s"1). As long as flow 

shear stress does not exceed the critical shear stress of the soil, the rill detachment rate is 

zero. The term (1 - G/Tc) depicts the fact that soil detachment rates in rills are a function of 

the sediment load in the flow relative to the capacity of the flow to transport sediment 

(Nearing et al., 1989). Net soil detachment in rills occurs when the hydraulic shear stress 

exceeds the critical shear stress of the soil and when sediment load is less than sediment 

transport capacity. 

When the transport capacity exceeds the sediment load, no sediment deposition 

occurs. Through substitution, the sediment continuity equation is: 

Net deposition occurs when the sediment load of the flow is greater than its transport 

Dr = K (= - \) (' - g/T) (2.8) 

^ = C, K, P Sf G — + K (T - T ) (1 - G/Tc) 
dx 1 If 

(2.9) 



30 

capacity. In this case, the continuity equation becomes: 

— = C, K, 12 S, G 
dx ' ' f ' 

+  (P V tq) (Tc - G) (2.10) 

where p is a dimensionless deposition parameter equal to 0,5, Vf is the effective particle 

fall velocity (m s"1), and q is the flow discharge per unit width (m2 s1) (Tiscareno-Lopez, 

1993). 

2.1.4 Regression Equations for Derived Soil and Vegetation Parameters 

An important feature of WEPP is its ability to calculate and update hydrologic and 

erosion parameters based on physical characteristics of a watershed taking spatial and 

temporal variability into account. However, many required soil and vegetation properties 

are too difficult, time consuming and/or expensive to measure. For example, it is 

extremely difficult to measure saturated hydraulic conductivity during rainfall. In some 

cases, it is impossible to measure a parameter at all because no adequate method or test 

has been developed (eg. rill and interrill erodibilities). Therefore, it is necessary to derive 

these values using other means. One method is to determine a parameter's relationship to 

other, more easily measurable properties. 

In the WEPP model, regression equations were developed to establish 

relationships between soil and vegetation properties and infiltration and erosion 

parameters (Alberts et al., 1989). These relationships are based on readily available data 

collected during rainfall simulation experiments conducted on twenty rangeland sites in 
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the western United States during the summers of 1987 and 1988. Parameters predicted by 

regression analysis include saturated hydraulic conductivity (Ks), rill erodibility (Kr), 

interrill erodibility (K,), and critical shear stress (Tc). The derived equations are designed 

to be applied in locations where parameter information has not been collected or is not 

available to the model user. 

Baseline hydraulic conductivity for rangelands is estimated as: 

K. = 0.0002 C2-
3 

*1. 
/ \ 

(1.0 - T| )2 

Pi (2.11) 
v <•/ 

where Kx is the saturated hydraulic conductivity of the soil (m s"1), C is the soil 

characteristic parameter, rj is the total soil porosity (cm cm"1), ti(. is the effective soil 

porosity after correcting ti for entrapped air at soil saturation (cm cm"1), pA is bulk density 

of the soil (kg m"3),. and 0, is the residual volumetric water content (cm cm"1). 

The parameter C is predicted as: 

C = -0.17 + 18.1 CL - 69.0 SA2 CL2 - 41.0 SA2 SI2 + 1.18 SA2 ' Pi ' 

/ 
1000, 

+ 6.9 CL2 

2 

P6 1 + 49.0 SA1 CL - 85.0 SI CL2 

(2.12) 

1000; 

where CL is the clay content (fraction), SA is the sand content (fraction), and SI is the silt 

content (fraction). 

The erodibility parameters for rangelands were developed by Simanton et al. 
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(1987). The rill erodibility parameter is calculated using the following equation: 

K = 0.0017 + 0.0024 CL - 0.0088 OM - 0.00088 (pt /1000 )- 0.00048 R, (2.13) 

where OM is organic matter (fraction), and is the total root biomass (kg m'2). 

Critical shear stress is predicted by: 

-rc = 3.23 - 5.6SA - 24.4 OM + 0.9 (p6 /1000 ) (2.14) 

Both the Kr and xc values were determined through optimization using large bare plot 

erosion data. These values were related to soil properties. Multiple linear regression 

analysis was used to develop predictive equations 2.10 and 2.11. 

As a result of the change in the equation used to predict the interriil detachment 

rate (D|) mentioned above, the equation to predict K| was also revised. The original 

interriil erodibility parameter equation was estimated as: 

Kt = 1000 [ 1709 - 1765 SA - 645 SI - 4557 OM - 902 6/c ] (2.15) 

where is the volumetric water content of the soil at 0.033 MPa (m3 nv3). This equation 

was developed by correlating interriil erodibility values from uncovered small plot data 

with soil properties, using linear regression analysis. The new regression equation is 

given as: 

Kf = 1000 [ 1810 - 1910 SA - 6253 OM - 846 6/t. ] (2.16) 
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2.1.5 Representation of the Spatial Distribution of Ground Cover 

The rangeland version of WEPP is a complex interactive nonlinear model that 

calculates erosion from both rill and interrill areas, providing an estimate of the total 

sediment load leaving the field. In this section, the current representation and assumptions 

made about the spatial distribution of ground cover in the model will be reviewed. 

In the WEPP rangeland model, total surface cover is calculated as the sum of 

litter, rock, basal, and cryptogamic crust cover. For the purposes of the model, litter is 

defined as all recognizable plant leaves, branches, duff, and humus. The fraction of litter 

covering the soil surface (Z,t.) is estimated with an exponential function as: 

Lc = 1 - e "' (2.17) 

where L is litter biomass on the soil surface (kg m"2) and r is a shaping coefficient defined 

by the following equation: 

r - ]Q 1.0*5 <1.0 • 1.69 L) - 0.5*3 (2.18) 

The constant weight to cover relationship for litter is assumed to hold across all 

vegetation types. This will either under or overestimate litter cover in many cases, and 

could result in substantial error in established soil loss. In addition, the model does not 

currently redistribute litter or consider debris dams that result from concentrated flow. 

Basal vegetation is defined as living green plant material, standing dead and 

dormant plants in direct contact with the soil surface. WEPP differentiates between shrub 
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and grass species, and total basal cover is estimated as a function of canopy cover. The 

equation used for shrub dominated plant communities is: 

Bc = 0.33 x cc (2.19) 

where Bc is the fraction of basal vegetation covering the soil surface, and Ce represents 

the fraction of total canopy cover. Similarly, the equation for grass dominated plant 

communities is given as: 

B€ = 0.43 x Cc (2.20) 

Rock and cryptogamic crust cover are fixed variables in the WEPP model that do 

not change as a function of plant growth or because of management options (Alberts et 

al., 1989). Rock cover is defined as the fraction of soil surface covered by impervious 

material greater than 2 mm in diameter. Cryptogamic crust cover, defined as the fraction 

of soil surface covered by all mosses, lichens, and algae. Both variables are specified by 

the user. 

Since erosion processes are partitioned into rill and interrill erosion areas in 

WEPP, potential rill and interrill areas and the fraction of ground surface cover must be 

estimated for each of these areas. To accomplish this, potential rills are defined as the 

area between plant canopies and potential interrill areas as the area underneath plant 

canopies. To estimate the distance between the center of potential rills (RJ, the following 

relationship has been defined: 
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Rf " G + S + T + 1 (2-21) 
P P P 

where G p ,  S p ,  and T p  represent grass, shrub and tree plant densities, respectively. L  is the 

length of the slope perpendicular to the flow path and has been defined as 100 meters. 

The lower and upper boundary constraints on rill spacing are 0.5 and 5.0 meters, 

respectively. 

Rill ground surface cover is defined as the sum of litter and rock cover. It is 

assumed that plants and cryptogams will not be present in active rills. Interrill ground 

cover is defined as the sum of litter, rock, basal, and cryptogamic cover. In other words, 

it is assumed that interrill cover is equal to total ground cover. Therefore, the model 

assumes that litter and rock cover are uniformly distributed across the landscape (i.e., the 

fraction of ground covered by these two components is the same in rill and interrill areas). 

Cryptogamic and basal plant cover are limited to the interrill area with a maximum of 

43% basal plant surface coverage (Equation 2.20), This is important because the type of 

ground surface cover greatly affects model predictions of runoff volume, peak runoff, and 

total sediment load leaving the field. 

Weltz (personal communication) conducted a study to determine the degree of 

sensitivity of field measurements on three vegetation parameters that are important to the 

WEPP model: plant density, canopy cover, and ground cover. The objective was to 

understand the relative impact of the individual parameters on model results to improve 

the prediction of runoff and soil erosion using the single event hillslope model. He found 
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that the model is very sensitive to precipitation characteristics (amount, duration, and 

intensity). High intensity, short duration storms resulted in the highest erosion rates. 

Runoff volume is sensitive to both canopy and surface cover, whereas peak runoff is 

more sensitive to canopy cover than to surface cover. Ground surface cover is more 

important than canopy cover in reducing soil erosion. Of all the surface cover 

components, the model is most sensitive to litter cover, followed by rock cover and then 

basal cover. 

Weltz speculates that the litter component is the most effective for preventing soil 

erosion because it is most effective in reducing peak runoff and sediment yield. In 

addition, he found that litter cover was highly correlated to canopy cover, adding some 

indirect protection. Rock was the second most effective surface cover for preventing soil 

erosion. It provides protection from raindrop impact, but does not substantially reducc 

hydraulic shear stress, and so detachment by overland flow and rilling can occur. The 

fact that basal cover has the least effect on reducing total soil erosion results from the 

model assumption that it is not found in active rills. In WEPP, soil detachment rates from 

rills can be several orders of magnitude higher than from interrills. Therefore, it is logical 

that the influence of basal vegetation would be minimal. 

In testing the measured distribution of ground cover at the Walnut Gulch 

Watershed in southeastern Arizona, Fox (personal communication) found that both total 

ground cover and the individual components that comprise it (rock, litter, basal area and 

bare soil) had significantly different distribution patterns in relation to under canopy and 
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interspace areas regardless of treatment (grazed and ungrazed). Ground cover did not 

follow a normal distribution. Total rock cover and bare soil were higher in the 

interspaces than underneath plant canopy for both grazed and ungrazed treatments. Basal 

plant area was higher underneath plant canopy than within interspaces for both 

treatments. Based on this work, it appears that for WEPP to more accurately predict soil 

erosion, the distribution of the components of ground cover between rills and interrills 

needs to be parameterized. 

2.2 Ground Cover Data Collection 

There arc many different methods commonly used for sampling ground cover. 

The choice of method should be based on the parameters being studied. Cover is often 

used as a primary attribute of vegetation in ecological and rangeland studies because it 

can be used as a basis for comparison among plants of differing life forms. In addition, 

cover can be measured in a nondestructive manner. Several commonly used methods 

involve measuring ground cover properties along randomly determined strips, lines, belts, 

or quadrats across the landscape. Characteristics of cover and the point-intercept method 

of estimating cover will be described in this section. 

2.2.1 Cover 

Ground cover data are useful as an indicator of the amount of soil surface 

protected by various types of materials. These data provide an estimate of the exposure 
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of a site to erosion. Total ground cover can be defined as the amount of area covered by 

plants and/or other materials including rocks, gravel, litter, and cryptogams. It is 

commonly expressed as a percent of the total surface area. Total ground cover usually 

refers to all materials protecting the soil surface. Basal cover can be defined as the total 

cover of vegetation on an area measured at the ground surface (Bonham, 1989). It is the 

cross sectional area of the plant at ground level. When cover of a species or plant life-

form is expressed as a percent of total vegetation, the resulting value is known as relative 

cover. Basal cover measurements are widely used on bunchgrasses or tussock vegetation, 

and measurements are recorded at a height of approximately 2 cm. It is not possible to 

distinguish basal area in sod-forming, creeping or spreading types of plants; therefore, 

only the vertical projection of leaf spreading is measured. 

A second measure of cover is canopy cover, also known as aerial or crown cover. 

Canopy cover is the area covered by a vertical projection of the crown on the ground 

(Brown, 1954). Measurements of basal area are more consistent over time than canopy 

cover because foliage cover fluctuates with seasonal changes and climatic fluctuations. 

This is particularly true for annual plants. The basal area of plants remains fairly constant 

during a season and may increase or decrease over a period of years. 

A significant advantage of cover as a quantitative measurement is that it allows 

for different plant life forms (eg. forbs, grasses, shrubs, and trees) to be evaluated in 

comparable terms. Further, if the vegetation has a distinct layered structure (eg. shrubs 

and undergrowth), the cover of species in each layer can be evaluated separately. 
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2.2.2 The Point-Intcrcept Method of Estimating Cover 

Cover can be determined using many different methods, including field 

measurements, aerial photos, and other remote sensing techniques. The cover data used 

in this analysis were collected using a 40-pin point frame, a point-intercept method. 

Point-intercept methods are based on the concept of the "homogeneity of a unit 

area as represented by a pin-point" (Levy and Madden, 1933). The method reduces a 

quadrat down to a point with dimensions associated with an area. Points are usually 

collected in clusters or groups. When data collected from enough points are distributed 

over a given area, the percentage of points directly over plants should represent both 

actual and relative percentage cover (Cook and Stubbendieck, 1986). 

The measures that can be determined with the point intercept method include 

percent ground cover by species, percent cover that each species contributes to the total 

area, relative frequency of species, and percent that each species contributes to a 

vegetation type (i.e., number of hits per species per number of vegetation hits). Point-

intercept techniques are most suited to herbaceous vegetation such as shortgrass prairies 

and grazed pastures. 

Points are considered the most objective way to estimate cover because there is 

minimal error; a point either contacts a plant, rock, or litter, or it does not. Another 

advantage is that the point method is universally used for estimating cover. Points also 

provide for rapid data acquisition, making them economical to use (Bonham, 1989). 

However, field studies have suggested that point sampling often results in an 
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overestimation of cover, which has been attributed to bluntness of the point (Cook and 

Stubbendieck, 1986). 

The point frame method of grouping points is a point technique that is commonly 

used to gather information about canopy cover and ground surface cover. It uses a 

wooden or metallic frame with two legs and two cross-arms that usually contains ten 

holes spaced five centimeters apart (Levy and Madden, 1933). Both the number and 

spacing of the pins can be variable depending on the size of the plants. With large plants, 

spacing should be increased to reduce the likelihood of hitting the same plant more than 

once and to maintain the variation within the sample. Steel rods or wire pins are 

systematically slid through the holes, and can be lowered to mark specific points on the 

ground. A number of frame settings along transects can be read to increase sample size. 

Cover estimates can be made by recording the number of points that fall on 

vegetation, rocks, litter, cryptogams, or other classification of materials. For each type of 

material, percent cover can then be calculated by dividing the number of hits by the total 

number of points and multiplying the result by 100. Total ground cover can be calculated 

using the number of hits on all objects other than bare soil. If individual plant hits are 

recorded by species, then cover by species can be calculated in a similar way. 

2.3 Review of Ground Cover Literature 

Modeling ground cover offers problems specific to rangelands because it is often 

highly scattered and non-uniform. Special conditions may exist that make for increased 
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spatial variation. For example, vegetation may be elevated on pedestals formed by 

sediment deposition or erosion pavements may form, protecting the area between plants 

from erosion. This section includes a review of literature summarizing some of the 

research related to the spatial variability of surface ground cover on rangelands. The 

interrelationships and impacts of vegetation on hydrologic processes required to more 

accurately parameterize hydrologic simulation models will be discussed. Specific 

findings about the distribution of the various components of ground cover and total 

ground cover will be presented. 

2.3.1 Importance of Spatial Distribution of Ground Cover on Rangeland 

Rangeland represents an important land type, possessing significant values for 

domestic livestock, wildlife habitat, watershed, and soil and water conservation. 

Rangelands cover more than 40% of the earth's surface. More than 80% of rangelands 

fall within arid and semiarid zones and contain drought resistant grasses, shrubs and 

forbs. Such regions occur in East Africa, the Middle East, and the southwestern United 

States. Branson et al. (1981) list the following principle characteristics of rangeland: (1) 

the potential natural vegetation is predominantly grasses, grasslike plants, forbs and 

shrubs, (2) natural herbivory was an important influence in its pre-civilization state, and 

(3) it is more suitable for management by ecological principles than by agronomic 

principles. 



42 

The health of rangelands in the United States is currently a topic of debate. 

Evaluation of soil stability is one criterion that can be used in assessing rangeland health 

as many rangeland ecosystems are particularly vulnerable to erosion problems that arise 

from drought, overgrazing, and other stresses. Prediction tools play an important role in 

the recognition of high risk areas. Process-based computer simulation models are a 

widely accepted tool used in the prediction of water induced soil erosion on rangelands. 

The spatially distributed nature of physically-based watershed models provides the 

potential for predicting the effects of spatially variable inputs, the effects of fanduse 

change, and the hydrological response of ungaged watersheds. Thus, they enable 

planners to simulate various management scenarios to predict probable watershed 

responses in places where little or no actual hydrologic data are available. 

A major problem associated with such models is that they continue to yield poor 

predictions of sediment yield under rangeland conditions. This results from a lack of 

accuracy in the estimation of model input parameters due to the techniques that are being 

used to collect data. Vegetation parameters are particularly vulnerable to this problem 

because of significant spatial and temporal variations in vegetation characteristics that 

affect infiltration, surface runoff, and soil erosion. To generate accurate predictions from 

process-based models that have the ability to predict the effects of spatially variable 

inputs, it is first necessary to parameterize those models accurately, considering the 

spatial variability of certain model parameters. It is extremely important to understand 
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and characterize the interrelationships and impact of vegetation on hydrologic and erosion 

processes to accomplish this task. 

2.3.2 Distribution of Ground Cover 

In semiarid areas, infiltration and erosion rates are a complex function of plant, 

soil, and storm characteristics (Gifford, 1984). Due to this complex interaction, 

measurement at a given site often results in a high level of spatial and temporal variation. 

Many studies have shown that the spatial distribution of the amount and type of ground 

cover is an important factor influencing both spatial and temporal variations in infiltration 

and interrill erosion rates on rangelands. 

Blackburn (1975) conducted a study on twenty-eight sites within five watersheds 

in Nevada to learn which ground cover and soil parameters have the greatest influence on 

infiltration and sediment production. He found that over a variety of soils, infiltration 

was exceedingly high and sediment production low from coppice dune soils, located 

within the shrub canopy zone. For the barren dune interspace soils located between 

shrubs, the infiltration rate was relatively low and sediment yield was considerably 

higher. As dune interspace areas increased, sediment production increased. Blackburn 

attributed these differences in response between coppice dunes and dune interspaces to 

differences in vegetation cover and surface soil characteristics. 

In a study using data representing a northwest sagebrush plant community and a 

southern great plains bunchgrass/sodgrass plant community at Reynold's Creek 



44 

Experimental Watershed in Southwest Idaho, Blackburn et al. (1992) found that 

vegetation was the primary factor influencing the spatial and temporal variability of 

surface soil processes (infiltration and interrill erosion rates) on semiarid rangelands. 

They reported that vegetation growth form, a spatial factor, is the primary influence on 

soil processes controlling the hydrologic processes on shrub-dominated landscapes. On 

grass dominated landscapes, however, they found that temporal factors induced by 

normal variations in climate, plant cover, and biomass are the primary influence. 

Several researchers have found that infiltration rates and soil losses are influenced 

by type of vegetation. Infiltration rates are generally highest and interrill erosion rates 

lowest under trees and shrubs followed by bunchgrass, sodgrass, and bare ground. 

Knight et al. (1984) found that on the Edwards Plateau region of Texas, the greatest 

infiltration rates and lowest soil losses occurred in live oak mottes, characterized by 

woody plants such as live oak, honey mesquite, shinoak (Quercus pimgens var. 

vaseycma), and ash juniper (.hmiperus ashei). Midgrass (bunchgrass)-dominated sites 

ranked second, followed by shortgrass (sodgrass)-dominated sites. 

Another study was conducted in Texas (Thurow et al., 1986) to assess infiltration 

rates and sediment production in three different vegetation types under four different 

grazing treatments. They also found that highest infiltration rates occurred in the oak 

motte type, followed by bunchgrasses and sodgrasses. Through stepwise regression 

analysis they found that total organic cover was the variable most strongly correlated with 

infiltration rate (r = 0.80). Oak mottes had consistently higher total organic cover than 
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the grass interspaces, while bunchgrass sites had significantly greater total organic cover 

than sodgrass sites. These authors speculate that it is the amount, rather than the type, of 

organic cover that is most important to infiltration. This is because the primary effect of 

organic cover is to decrease the kinetic energy of the raindrops, dissipating the velocity of 

the raindrop impact and protecting the pore integrity of the surface structure, making 

them less likely to be clogged by disaggregated soil particles. Aboveground biomass was 

the most important variable of the sediment production model (r = 0.65). This was 

because of the ability of biomass to protect the soil surfacc from direct raindrop impact, 

Biomass also serves as a barrier to runoff, reducing the velocity of the flow, increasing 

tortuosity, and increasing the time to infiltrate. 

Grazing treatment has been deemed to have little or no impact on the ranking of 

vegetation type with regard to infiltration. Tromble et al. (1974) found that infiltration 

was greater for brush-dominated plots than for grass plots, regardless of whether they 

were grazed. They also found that litter and crown cover were greater on brush plots than 

on corresponding grass plots and that they significantly influenced infiltration. 

Other researchers have suggested that microtopography plays a role in semiarid 

environments. According to Parsons et al. (1992), many semiarid piedmont hillslopes are 

covered by a sparse shrub community that is commonly located atop small mounds of 

fine material. The intervening inter-plant areas are swales with a desert pavement 

surface. Such microtopography and distribution of soil surface materials result from the 

effects of rainsplash erosion. Shrubs protect the ground surface beneath them, resulting 
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in differential rainsplash (i.e. more sediment is splashed into the areas beneath shrubs 

than is splashed outward). 

2.3.3 Direct Effects of Canopy Cover on Infiltration and Erosion 

Simanton et al. (1991) conducted a study to evaluate the direct effect of vegetation 

canopy cover on runoff, infiltration, and erosion as measured over a wide range of 

vegetation types, rangeland soils, soil surface covers, and canopy covers. They found 

that under simulated rainfall conditions, canopy cover alone had little measurable effect 

on runoff, infiltration, initial abstractions, or rate of erosion for the soil and vegetation 

types they evaluated. They concluded that the significance of canopy cover in erosion 

prediction is small compared to ground surface cover. Direct contributions of canopy 

cover to interception losses and soil surface protection from raindrop impact are also 

small in rangeland runoff and erosion responses. The indirect effects of canopy cover 

such as desirable levels of soil structure, organic matter, and surface litter, however, are 

important contributors to rangeland productivity and soil and water conservation. These 

authors speculated that factors they did not measure, such as the distribution of vegetation 

and ground surface cover on each plot, could have an effect on plot runoff and erosion 

response. 
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2.3.4 Effects of Ground Cover Components on Infiltration and Erosion 

One aim of the current research was to investigate the impacts of the distribution 

of individual components of ground surface cover on the spatial variability of infiltration 

and erosion on rangelands. There is very little information available about how the 

distribution of each of these parameters in rill and interrill areas affects these processes. 

However, it has been well documented that the various types of ground surface cover 

(including litter, rock, basal, and cryptogams) offer differing degrees of soil protection 

from water erosion (Gifford, 1984). In predicting infiltration using a rainfall simulator on 

three typical rangeland sites in southeastern Arizona, Tromble et al. (1974) found that 

litter, basal and gravel cover all had different effects on infiltration rates. Knowledge 

about the relative protection from soil loss offered by each ground cover component is 

particularly important in semiarid plant communities where vegetative cover values arc 

small. This section will provide a review of some of the literature on the effects of 

individual ground cover components on hydrologic and erosion processes. 

Basal vegetation cover is generally positively correlated to infiltration and 

negatively correlated to interrill erosion, whereas bare soil is generally associated with a 

decrease in infiltration. Packer (1951) found that ground cover density, which he defined 

as plant basal area plus surface litter, was the most influential variable affecting overland 

flow. He found that an increase in ground cover density from 10 to 70% resulted in 

substantial reduction in runoff. An increase beyond 70% resulted in little further 

reduction. Additionally, he reported that the size of bare openings between plants 
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affected the influence of a given ground cover density in controlling runoff. The larger 

the bare area between plants, the less effective the ground cover density was in 

controlling runoff and infiltration. Soil erosion was most affected by the size of 

maximum bare openings. 

In a study to evaluate the impact of selected soil surface characteristics on 

infiltration rates and sediment production from interrill erosion conducted in Utah, 

Dadkhah and Gifford (1980) evaluated a sod forming grass and a bunchgrass at 80, 50, 

and 30% levels of cover. They found no significant differences between infiltration rates 

on the plots with 50 or 80% grass cover, but both cover classes had higher infiltration 

rates than the plots with 30% cover. Grass cover was the only significant factor in their 

study affecting sediment production. Bare plots were found to have significantly higher 

sediment yields than plots with any of the various cover levels, and sediment yield 

decreased exponentially as the level of grass cover increased. 

Litter (also known as mulch or plant residue) has long been recognized as 

effective in reducing soil erosion. Singer et al. (1981) found a negative linear relationship 

between soil loss and litter cover. Khan et al. (1988) reported that as mulch cover 

increased with no canopy cover present, surface runoff steadily decreased. Meyer et al. 

(1970) showed that a relatively small amount of straw mulch (0.5 t/ha) can reduce soil 

loss to approximately one-third of that with no mulch cover. Similarly, Lattanzi et al. 

(1974) found that 0.5 t/ha of wheat straw mulch reduced interrill erosion by 40%. 
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Like basal cover, residue cover at the soil surface intercepts raindrops, dissipating 

their energy and reducing their splashing effect. Infiltration can be increased if the soil 

surface is protected by litter because the litter provides an obstacle to the flow of water, 

reducing runoff velocity, reducing sealing and crusting, and increasing hydraulic 

roughness. With increased infiltration and decreased raindrop splash, detachment of soil 

particles by overland flow will be decreased. 

The literature on the relationship between rock cover and infiltration and erosion 

is contradictory. Several investigators have reported a negative relationship between rock 

cover and infiltration. Tromble et al. (1974) found that gravel alone and rock plus gravel 

showed a high negative correlation with infiltration, whereas rock alone did not make a 

significant difference. Abrahams and Parsons (1991) showed that inverse relations 

between infiltration rate and rock cover are probably characteristic of the interrill portion 

of gentle, shrub-covered piedmont hillslopes that cover much of the Sonoran Desert. A 

review by Brakensiek et al. (1986) suggests that coarse fragments in the soil reduce the 

saturated hydraulic conductivity, and therefore infiltration. Haupt (1967) suggested that 

flow becomes concentrated in the exposed openings between rocks located on the soil 

surface, thereby accelerating erosion. 

Other investigators have reported a positive relation between rock cover and 

infiltration. Lane et al. (1987) reported a positive correlation between infiltration and 

percent of rock and gravel on the plot surface using data from a series of rainfall 

simulator experiments on semiarid rangelands in Arizona and Nevada. Simanton et al. 
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(1984) found that erosion rates decreased exponentially with increasing rock fragment 

cover (both natural and artificial) on rainfall simulator plots in southeastern Arizona. 

Meyer et al. (1970) also reported that erosion rates decreased with increasing levels of 

stone mulch, as applied to large plots under simulated rainfall. 

Still other researchers have found neutral results. Dadkhah and Gifford (1980) 

found that while infiltration rates increased as percentage of rock cover increased on 

uncompacted soils, rock cover did not significantly affect sediment production from 

interrill areas on rangeland. 

These seemingly contradictory results could be explained by the position of rock 

fragments in relation to the soil surface. One theory is that rocks on the soil surface of 

rangelands tend to increase infiltration while rocks in the soil profile decrease the 

infiltration rate. Poesen et al. (1990) reported results to support this theory. In a 

laboratory rainfall simulator study, they concluded that rock fragment position in top soils 

greatly affects water infiltration. They found that if the rock fragments rested on the top 

soil, water intake increased and runoff decreased. If the rock fragments were well 

embedded in the top soil, however, infiltration rates were reduced and runoff generation 

was increased. 

Weltz et al. (1992) proposed that while rock on the ground surface provides 

protection from raindrop impact, it does not substantially reduce hydraulic shear stress. 

Detachment by overland flow is therefore possible (Abrahams et al., 1986, Poesen et al., 
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1990), particularly for large rainfall events where the depth and shear stress of the flow in 

rills exceed the resistance offered by the rocks, enabling substantial rilling to occur. 

Cryptogamic plants, which reproduce by means of spores, are associations of 

nonvascular plants comprising moss, algae, lichen, liverworts and procaryotic 

cyanobacteria. A well-developed community of such plants forms an association with 

surface soils to form moderately stable surfacc crusts (Eldridge, 1993). These crusts can 

be important in the stabilization and protection of desert soils from erosion (Dunne, 

1989). Booth (1941) reported that soil loss was greatly reduced on plots covered with 

algal crusts as compared with soil loss from bare plots. Brotherson et al. (1983) showed 

that cryptogamic coverage increased infiltration and decreased sedimentation, erosion and 

head-cutting of secondary stream channels in Navajo National Monument, Arizona. In a 

study on a semiarid woodland soil in eastern Australia, Eldridge (1993) found that as soil 

surface condition declined in terms of both vegetation cover and soil physical condition, 

the role of cryptogam cover in controlling erosion increased. Loope and Gifford (1972), 

on the other hand, concluded that sites with cryptogamic cover in southeastern Utah had 

little impact on soil loss, suggesting that the effects of such cover may be soil specific. 
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CHAPTER 3 

WEPP RANGELAND FIELD STUDIES 

The data used throughout this research was collected during the 1987 and 1988 

WEPP rangeland field experiments. Twenty rangeland sites were chosen at fourteen 

locations in the Western and Great Plains regions of the United States for inclusion in the 

study. Only fifteen sites were used in this study because plots at the other five locations did 

not generate runoff during the experiment. The sites that were included in this analysis are 

depicted in Figure 3.1. 

The WEPP rangeland field program was undertaken to develop a better understanding 

of how both inherent soil properties and those affected by climate, vegetation and land use 

affect infiltration, erodibility, and soil loss (Simanton and Weltz, 1989). Toward this end, 

rainfall simulator experiments were conducted. One major objective of the program was to 

determine erodibility parameters for a range of soil textural classes. A secondary objective 

was to determine how infiltration characteristics are affected by canopy and ground cover 

characteristics on the plots (Stone et al., 1992). This chapter provides an overview of the 

field experiments, focusing on the methods used for cover data collection. Characteristics 

of each of the study sites from which data was collected during the field experiments will be 

described. Most of the study site descriptions will be provided in tabular form because of 

the large number of sites involved. 
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Figure 3.1. Map of study sites used in analysis from WEPP field experiments. 
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3.1 Field Study Procedures and Experimental Design 

A variety of contrasting rangeland plant communities with different soil series, 

located across the Western United States, were evaluated in the summers of 1987 and 1988 

by the WEPP rangeland field study team. Three treatments, natural, clipped and bare, were 

imposed on two large plots at each study site, for a total of six plots per site. The plots 

measured 3.05 x 10.7 meters, with the longer side running parallel to the slope. They were 

grouped within a 50 by 50 meter area that was located in the same soil and vegetation type. 

Natural plots remained completely undisturbed. Their purpose was to show the 

hydrologic and erosional responses of each vegetation/soil association. Erosion and 

infiltration relationships were developed to evaluate the interactions between types and 

degrees of vegetation and ground surface covers based on data from the natural plots. On 

the clipped plots, vegetative canopy was clipped to a height of 20 mm, and all clippings were 

removed. At several sites, grazing had reduced the canopy height to less than 20 mm, 

rendering the clipped treatment impractical. The clipped treatment was used to separate 

canopy from ground surface effects on runoff and erosion. With the bare treatment, 

vegetation was clipped to the ground surface and all soil surface cover was removed with 

minimal disturbance to the soil surface. The bare treatment was devised as a uniform 

treatment at all sites to determine soil erodibility values for a wide range of soil types. 

In addition to the large plots, two small plots (0.6 x 1.22 meters) were installed next 

to the bare treatment large plots. They were treated in the same manner as the large bare 

plots, except that one was covered with a window screen to dissipate raindrop impact. The 
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small (interrill) plots were used to evaluate raindrop erosion rates alone, as compared to the 

combination of raindrop and overland flow detachment erosion rates produced on the large 

plots. They were also used to study the effects of raindrop impact on infiltration. 

Water was applied using a rotating boom simulator, described in detail by Simanton 

et al. (1987), on two (paired) plots at a time. Three rainfall simulations were made on each 

plot with dry, wet and very wet antecedent moisture conditions. During the dry run, water 

was applied at a rate of approximately 65 mm/hr for approximately one hour. The wet run 

was made 24 hours later at the same intensity until equilibrium was reached, generally 

between 23 and 30 minutes. The very wet run was applied approximately 30 minutes after 

the wet run with varying rainfall intensity (65 and 130 mm/hr). In addition, overland flow 

was applied for variable periods. Each intensity was applied until the runoff hydrograph 

appeared to reach steady state. 

Rainfall amount and distribution were measured with six non-recording raingages 

positioned around each plot. Simulated rainfall intensity was measured with a recording 

raingage located between paired plots. Runoff and sediment were diverted into a pre-

calibrated runoff measuring flume at the downslope end of each plot. Runoff flow depths 

were measured with pressure transducer bubble gages, and continuous hydrographs were 

produced using the flume's depth/discharge rating table. Water/sediment samples were 

collected periodically from the exit of the flumes (Simanton et al., 1987). 
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3.2 Vegetation Data Collection Methods 

Vegetation composition, ground surface characteristics, canopy characteristics, and 

surface roughness were measured on all large plots prior to treatment using a 49-pin point 

frame that was set at 10 pre-selected transects along the plot border. This resulted in 490 plot 

surface points and up to 490 vegetation canopy points for each plot. A metal walkway was 

placed across each plot to avoid walking on the plots. A major objective of vegetation data 

collection was to provide a point-in-time sample, adequate to define growth curves of 

rangeland vegetation. 

Ground cover characteristics measured include bare soil, gravel (particles between 

5 mm and 2 cm), rock (particles greater than 2 cm), persistent (non-water transportable 

organic material) and non-persistent (water transportable organic material) litter, cryptogams, 

and plant basal cover. A steel pin was lowered vertically at 5 cm intervals along the point 

frame. If the pin touched a plant aerial part, the species was recorded. The pin was then 

lowered to the plot surface and the first characteristic touched was recorded for that point for 

determination of ground cover. 

Total aboveground herbaceous biomass was measured by clipping three 0.5 x 1.0 in 

quadrats from the clipped and bare plots before treatment. Total aboveground woody 

biomass was evaluated with dimensional analysis using relationships between plant volume 

and weight. Belowground biomass was determined from soil cores collected after the wet 

runs. 
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3.3 Study Site Descriptive Data 

Due to the number of sites involved in this study, descriptive data has been 

tabularized and is included in this section. Data that was not available is referred to a N/A 

in all the tables that follow in this chapter. 

Table 3.1. Site descriptions for fifteen sites used in analysis from 1987 and 1988 
WEPP rangeland field experiments. 

Site Location 
Latitude 

(deg, min, sec) 
Longitude 

(deg, min, sec) 
Elev. 
(m) 

Aspect 
(facing) 

A1 Walnut Gulch, AZ 31° 44' 48" N 110° 03'07" W 1377 S-SW 

A2 Walnut Gulch, AZ 31° 42' 14" N 110° 00' 14" W 1420 E 

CI Sonora, TX 30° 17'24" N 100° 32' 26" W 650 E 

D1 Chickasha, OK 35° 05' 17" N 97° 47' 14" W 378 SE 

D2 Chickasha, OK 35° 04' 55" N 97° 47' 32" W 369 E 

E2 Woodward, OK 36° 25' 18" N 99° 25' 12" W 615 E 

E5 Freedom, OK 36° 52' 30" N 99° 08' 23" W 553 NW 

F1 Sidney, MT 47° 50' 14" N 104° 16'22" W N/A E 

G1 Meeker, CO 40° 14'22" N 108° 33' 51" W 1760 S 

HI Cottonwood, SD 43° 56' 58" N 101° 52'08" W 744 W 

H2 Cottonwood, SD 43° 56' 25" N 101° 50* 53" W 744 NE 

11 Los Alamos, NM 35° 51'03" N 106° 16' 19" W 2144 N 

J1 Cuba, NM 35° 42' 46" N 106° 59' 56" W 1928 NE 

K1 Susanville, CA 40° 36' 55" N 120° 36' 50" W 1769 N 

K2 Susanville, CA 40° 36' 55" N 120° 36' 50" W 1769 N 
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Tabic 3.2. Average annual precipitation data for fifteen sites used in analysis 
from 1987 and 1988 WEPP rnngeland field experiments. 

Site Precipitation (cm) Moisture Regime 

A1 36 Ustic 

A2 36 Aridic 

CI 55 Ustic 

D1 80 Ustic 

D2 80 Ustic 

E2 63 Ustic 

E5 65 Ustic 

F1 35 Xeric 

GI 20 Aridic 

III 39 Torric 

I-I2 39 Torric 

11 35 Ustic 

J1 28 Aridic 

K1 38 Xeric 

K2 38 Xeric 
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Table 3.3. Vegetation community type for fifteen sites used in analysis from 1987 
and 1988 WEPP rangcland field experiments. 

Site Community Range Site 
Range 
Condition 

A1 Chihuahuan Desert Shrub-steppe N/A Poor 

A2 Chihuahuan Desert Grass-steppe N/A N/A 

CI Oak Savanna Interspace Shallow Fair 

D1 Tallgrass Prairie (native) Loamy prairie Good 

D2 Mixedgrass Prairie (reverted) Eroded prairie Fair 

E2 Mixedgrass Prairie Shallow prairie Fail-

E5 Mixedgrass Prairie Loamy Fair 

F1 Mixedgrass Prairie Silty Good 

G1 Salt Desert Shrub-steppe Clayey slopes Good 

III Shortgrass Prairie Clayey West central Excellent 

H2 Mixedgrass Prairie Clayey West central Fair 

11 Pinyon-Juniper Interspace Woodland Community Fair 

J1 Shortgrass Desert Grassland Loamy Good 

K1 Sagebrush Loamy Good 

K2 Sagebrush Sagebrush Good 



Table 3.4. Soil classification and texture for fifteen sites used in analysis from 1987 and 1988 WEPP rangcland field 
experiments. 

Site Soil Series Name Classification Soil Surface Texture 

A1 Stronghold Coarse, loamy, mixed, thermic, Ustochreptic Calciorthid Gravelly sandy loam 

A2 Forest Fine, mixed, thermic, Ustollic Haplargid Sandy clay loam 

CI Perves Fine, loamy, mixed, thermic, Typic Calciustoll Interspace cobbly clay 

D1 Grant Medial over fragment, mixed, thermic, Udalfic Argiustoll Loam 

D2 Grant Eroded Fine-silty, mixed, thermic, Udalfic Argiustoll Very fine sandy loam 

E2 Quinlan Loamy, mixed, thermic, shallow, Typic Ustochrept Loam 

E5 Woodward Coarse-silty, mixed, thermic, Typic Ustochrept Loam 

F1 Vida Fine, loamy, mixed, thermic, Typic Argiboroll Loam 

G1 Degater Clayey, montmorillonitic, mesic, Typic Camborthid Silty clay 

HI Pierre Very fine, montmorillonitic, mesic, Typic Torrert Clay 

H2 Pierre Very fine, montmorillonitic, mesic, Typic Torrert Clay 

11 Hackroy Loamy, mixed, mesic, shallow, Aridic Haplustalf Fine sandy loam 

J1 Querencia Fine-loamy, mixed, mesic, Ustollic Camborthid Fine sandy loam 

K1 Jauriga Fine-loamy, mixed, mesic, Typic Argixeroll Gravelly sandy loam 

K2 Jauriga Fine-loamy, mixed, mesic, Typic Argixeroll Gravelly sandy loam 

C\ o 



Table 3.5. Topography for fifteen sites used in analysis from 1987 and 1988 WEPP rangeland field experiments. 

Site Topography 

A1 Gently rolling hills incised by youthfiil drainage system. 

A2 Concave, lowest part of component of hillside of gently rolling hills incised by youthful drainage system. 

CI Mesa on butte in bolson; footslope/sideslope; land leveled or smooth on lower third. 

D1 Hillside or mountainside; central rolling red prairies. 

D2 Hillside or mountainside; central rolling red prairies. 

E2 Concave, hillside or mountainside in hills, shoulder crested hills. 

E5 Concave, backslope sideslope. 

F1 N/A. 

G1 Hillside or mountainside in mountains or deeply dissected plateaus. 

HI Convex, upper 1/3 of component backslope crested hills, upland slope in 

H2 Convex, upper 1/3 of component backslope crested hills, upland slope in 

11 Mountains or deeply dissected plateaus. 

J1 In plateaus or table lands. 

K1 N/A. 

K2 N/A. 

C\ 

level or undulating hills, 

level or undulating hills. 



Table 3.6. Experimental plot slopes for fifteen sites used in analysis from 1987 and 1988 WEPP rangeland field 
experiments. 

Site Plot Slope (%) Site Plot Slope (%) 

A1 33 11.30 G1 107 10.20 

A1 36 9.30 G1 112 10.60 

A2 52 4.10 HI 113 8.00 

A2 54 4.10 HI 118 8.00 

CI 67 8.00 H2 119 11.40 

CI 70 8.10 H2 122 12.70 

D1 71 5.00 11 128 6.00 

D1 76 5.10 11 129 7.00 

D2 77 4.50 J1 132 6.60 

D2 80 4.50 J1 133 6.60 

E2 91 5.80 K.1 137 13.10 

E2 94 6.50 KI 140 12.70 

E5 156 5.60 K2 141 12.75 

E5 158 5.40 K2 142 12.75 

F1 103 10.00 K2 143 12.75 

F1 106 9.80 K2 144 12.75 
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CHAPTER 4 

SENSITIVITY ANALYSIS OF THE SPATIAL LOCATION 
OF GROUND COVER IN WEPP 

4.1 Introduction 

To learn if changes in the partitioning of ground cover characteristics between rill and 

interrill areas would make a difference in WEPP, a series of stochastic sensitivity analyses 

was performed using version 93.13 of the model. The objective was to find if the change 

from representing ground cover with a uniform distribution to representing it with a non

uniform distribution in rill and interrill areas would have an impact on model output. The 

primary purpose was to find out if it would be beneficial to continue to a second phase of 

research: testing the model, modified to use measured cover data in rill and interrill areas to 

find out if the modification would make a significant improvement to model predicted 

sediment yield. The analysis described in this chapter was also used to identify the relative 

importance of the various ground cover parameters used in the WEPP profile model. 

4.2 Methodology 

4.2.1 Description and Development of Input Data Sets 

To perform the sensitivity analysis, "artificial" data sets for model inputs were 

developed. Seven parameters were varied, and an input file containing all possible 

configurations was created. Table 4.1 shows the parameters and the different values of each 

that were used. With eighteen cover possibilities, four values of interrill erodibility (Kj), four 
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Tabic 4.1. Variations of each parameter used in sensitivity analysis. 

Litter 
(%) 

Rock 
(%) 

Basal 
(%) 

K, 
(mm/hr) 

K, 
(kg s/m4) 

Kr 

(s/m) 
Slope 
(%) 

Rill/ 
Interrill 

(%) 

15 15 15 2 5,740 0.00004 5 20/80 

30 30 30 8 171,380 0.00083 10 50/50 

45 45 45 305,940 0.00162 15 80/20 

60 60 60 911,980 0.00302 30 

75 75 75 

90 90 90 

values of rill erodibility (Kr), two values of saturated hydraulic conductivity (Ks), four slopes, 

and three distributions of cover, there were a total of 6,912 permutations, and therefore a 

total of 6,912 model runs. 

Three of the parameters tested were the percentages of three ground cover 

components: litter, rock, and basal vegetation. The WEPP model treats rock and cryptogams 

in the same way. Therefore, cryptogamic cover was not considered since it would yield the 

same results as rock cover. As shown in Table 4.1, each of the three cover components was 

varied between 15, 30,45, 60, 75, and 90% of total cover. As each component was varied 

the other two were held constant at zero. The percentage of bare soil was considered to be 

the difference between potential cover (100%) and actual cover by a component (eg., when 

litter cover was 30%, bare soil was 70%). 

The saturated hydraulic conductivity parameter was used to examine how the model 
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handles rilling and non-rilling. Saturated hydraulic conductivity (Ks) was varied between 

a low value of 2 mm/hr to promote rilling and a high value of 8 mm/hr to inhibit rilling. The 

advantage of manipulating Ks, as opposed to manipulating rainfall intensity while 

maintaining Ks at a constant value, was that as rainfall intensity increases, the model 

generates more erosion from interrill areas. This relationship between rainfall intensity and 

interrill erosion could interfere with the objective of the exercise, i.e., testing the effect of 

non-uniform distribution of vegetation on sediment yield by increasing the value of interrill 

sediment yield when rainfall intensity is high. It would then be unclear as to which portion 

of this increase resulted from the non-uniform distribution versus the high rainfall intensity. 

Maximum and minimum values of both rill and interrill erodibility were selected 

from various soils in the WEPP database to represent the bounding values of these 

parameters. Two mid-range values were chosen to approximate the inflection point (Table 

4.2). The values of Tc (critical shear stress) corresponding to the rill erodibility values were 

also used since these two parameters are codependent. 

It is important to note that Kj and Kr are "synthetic" values and do not have true 

physical meaning. Their root values are dependent on the model for which they were 

configured. Since they are dependent on the formulation of the erosion equation used, it is 

not valid to compare their values between two different models. The K; values used here 

were solved for the disturbed bare plots, making their values a further abstraction from 

reality. For the configurations in this analysis, the K| values were adjusted internally in 

WEPP to account for the fact that the plots were undisturbed natural plots. 
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Table 4.2. Values of Kj, Kr and Tc chosen from WEPP database for use in the 
sensitivity analysis. 

Site Location Description 
Ks 

(kg s/m4) 
Kr 

(s/m) (Pa) 

G1 Meeker, CO Salt Desert Shrub Steppe, 
silty clay 

911,980 0.00162 4.3600 

E2 Woodward, OK Mixedgrass Prairie, 
loam, 
continuous grazing 

305,940 0.00083 1.8775 

LI Los Banos, CA Annual Grassland, 
clay loam 

171,380 0.00004 0.0312 

EI Woodward, OK Mixedgrass Prairie, 
loamy fine sand 

5,740 0.00302 5.7100 

Slope was the final variable evaluated. Erosion is very sensitive to topography (i.e., 

linear, concave, or convex slope segment). The WEPP model allows the user to consider 

non-uniform slopes and provides the ability to define between 3 and 100 points down the 

length of the slope at regular intervals. An S-shaped curve was used for this analysis and the 

total length of the hillslope was defined as 100 meters. The ridgetop and base of the hill both 

had a fixed length of 10 meters, with a slope of 2.5%. The center portion of the hill was 80 

meters in the length. The slope at the inflection point was varied between 5, 10, 15 and 30% 

(Table 4.3). 
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Tabic 4.3. Values of the slope at the inflection point and the corresponding 
average slope value used in sensitivity analysis. 

Slope (%) Average Slope (%) 

5 3.50 

10 5.75 

15 8.00 

30 14.75 

4.2.2 Modifications to the Model, Model Runs, and Statistical Analysis 

Version 93.13 of the WEPP model was changed to accept the newly created input 

parameters. Modifications were required to consider the new ground cover distributions. 

Basal cover was no longer calculated internally as a function of canopy cover, but was 

instead a user input. Other equations that were modified included those that calculate total 

rill and interrill cover and those that calculate friction factors for litter and rock. 

The data were sorted by slope, Ks, K| and Kr, resulting in 128 possible groupings for 

each ground cover component. A simple one-way analysis of variance test was performed. 

It was used to evaluate the significance of the difference between the three levels of rill cover 

(20, 50, and 80%) for each ground cover component within each possible combination of 

slope, Ks, Kh and Kr values. Table 4.4 shows the statistical design for each component. The 

number of observations, n, represents the observations for the six levels of total ground cover 

for each component multiplied by the three levels of that component located in the rills. 
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Tabic 4.4. Analysis of variance treatment design for each data grouping, based on 
slope, K,, Kj, and Kr. 

Source n F 

Fraction of litter cover in rills 18 MSL/MSE 

Fraction of rock cover in rills 18 MSR/MSN 

Fraction of basal cover in rills 18 MSn/MSE 

4.3 Results and Discussion 

Mean values of sediment yield for litter, rock, and basal cover for the three 

distributions in rill and interrill areas are plotted against slope in Figure 4.1. Each point on 

the graphs represents the mean of 192 values of predicted sediment yield for each cover 

distribution at a given slope. In the absence of cover by the other components, litter offered 

the most protection from erosion. At all three distributions of cover by litter (i.e., 20, 50, and 

80% in rill areas) at all slopes, mean predicted sediment yield is below 20,000 kg/ha. For 

rock and basal cover, mean predicted sediment yield was greater than for litter cover for all 

cover distributions and slopes tested. 

For all three cover components, sediment yield was greatest with 20% cover in the 

areas outside canopy, followed by 50% and 80% cover at all four levels of slope tested. 

Particle detachment in WEPP is generated by shear stress from concentrated flow in rill 

areas. With less protection from litter, rock, or basal vegetation in these interspaces, 

increased amounts of sediment are generated until transport capacity is achieved. As the 

amount of rill cover increases, whatever the component, interrill cover automatically 
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decreases. Therefore, rill cover is more important to erosion reduction in the model than is 

interrill cover once the critical shear stress is exceeded. 

The relationship between slope and runoff velocity and their effects on erosion are 

also demonstrated in Figure 4.1. As slope increased, runoff velocity increased and the 

amount of ground cover became increasingly important in erosion protection. With litter 

cover, as illustrated in Figure 4.1a, as slope increased, the difference in the amount of 

sediment generated increased. However, there was a much greater increase between 20 and 

50% cover than between 50 and 80% litter cover in areas outside canopy cover. It is likely 

that a threshold in the model is crossed when litter cover nears 20%, and rilling is initiated. 

This change was more subtle with rock cover. At each slope level, the increase in sediment 

yield was more uniform between 20 and 50% cover than between 50 and 80% cover. Figure 

4.1c shows very little difference between cover levels in the mean amount of sediment 

yielded at each level of basal rill cover for each slope tested, particularly at very low slopes. 

Figure 4.2 illustrates the same point in a different way. The "net difference" 

represents the difference in sediment yield predicted between 20 and 50% cover and 50 and 

80% cover for any given slope and cover type. With litter cover and a 15% slope, the net 

difference in sediment yield is 2.03 kg/ha. At 30% slope, the net difference increased to 7.31 

kg/ha. With rock cover, the net difference from 15 to 30% slope increased from 2.63 to 3.58 

kg/ha. It can be seen that net differences in sediment yield were more uniform for basal 

cover than for rock cover. For instance, the net difference from a 15 to a 30% slope 

increased from only 0.44 kg/ha to 0.78 kg/ha of sediment yield for basal cover. 
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The results of the ANOVA tests are summarized in Table 4.6. To evaluate the effect 

of changing the model based on the location of individual cover components, the number of 

cases in which the distribution of cover made a significant difference to model output 

(average sediment yield within a 90% confidence interval), were grouped by slope and Ks 

(n=288). The percentages of cases that were significant for each of these groupings for the 

three cover components are listed in the last column of the table, along with the overall mean 

for each cover type. Rock cover showed the highest sensitivity with 43% of the tested cases 

showing significant differences in predicted average sediment yield among the three cover 

distributions levels. The different distribution levels of basal vegetation between rill and 

interrill areas resulted in significant differences in predicted sediment yield in 39% of the 

cases, followed by 34% for litter cover. 

The high number of cases resulting in significant differences in sediment yield 

predictions for all of these cover components shows that partitioning their values between 

rill and interrill areas can be important to model results. It is important to emphasize that this 

test did not show that there would be improvement to model predicted sediment yield, but 

that it would make a difference in some situations. These include cases in which slope is 

relatively high. Also, for each cover component at each slope value tested, with just one 

exception, the lower the saturated hydraulic conductivity, the higher the fraction of 

significant results. Therefore, with a 30% slope and a low Ks of 2 mm/hr, 88% of the runs 

demonstrated significant differences in average sediment yield between the different levels 

of litter cover in rill and interrill areas. 
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Tabic 4.5. Significance of changing the proportion of litter, rock, and basal covcr in 
rill and interrill areas on average sediment yield, based on ANOVA 
experimental design (n=288). 

Cover Type Slope Ks % Significant 
fmm/hrt (90% C.U 

Litter 0.05 2 19 

8 13 

0.10 2 38 

8 13 

0.15 2 44 

8 13 

0.30 2 88 

8 44 

Mean: 34 

Rock 0.05 2 25 

8 6 

0.10 2 56 

8 13 

0.15 2 81 

8 19 

0.30 2 81 

8 63 

Mean: 43 

Basal 0.05 2 25 

8 6 

0.10 2 50 

8 19 

0.15 2 63 

8 19 

0.30 2 56 

8 75 

Mean: 39 
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CHAPTER 5 

OPTIMIZATION AND PREDICTION OF 
EFFECTIVE HYDRAULIC CONDUCTIVITY (IQ 

5.1 Introduction 

In order for WEPP to be a successful tool in predicting hydrologic and erosion 

variables, it must first be successful in predicting infiltration. Two important infiltration 

parameters in WEPP are the Green and Ampt effective hydraulic conductivity parameter (KJ 

and the wetting front matric potential term. The model calculates the latter term internally 

as a function of soil type, soil moisture content, and soil bulk density. A significant problem 

arises from lack of knowledge and tools available for estimating K,.. Field measurements of 

soil hydraulic properties are time consuming, expensive, and not feasible for large areas. In 

WEPP, Ke can either be calculated internally based on user inputs including bulk density, 

1/3-bar volumetric soil water content, and 15-bar volumetric soil water content or, it can be 

directly input by the user. 

Effective hydraulic conductivity is an extremely important parameter for the 

prediction of hydrologic variables. Moore (1981) showed that both the rate and amount of 

infiltration are more sensitive to hydraulic conductivity and available porosity than to the 

wetting front capillary potential. Tiscareno-Lopez (1991) concluded that both runoff volume 

and peak runoff are very sensitive to the hydraulic conductivity parameter in the WEPP 

model. One objective of this study was to compare model results using both model 

calculated (baseline) and optimized values of Kc. The process used to derive the optimized 
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values will be presented in this chapter. 

The algorithms used in the model to calculate baseline Kc values were added in the 

version 94.3 of WEPP, because the internal adjustments made to Ks to derive Ke were viewed 

as unsuccessful in previous versions. However, the sets of equations used to predict Kc in 

both versions resulted in extremely low values using the WEPP rangeland field data set. 

This resulted in very poor predictions of runoff volume, peak runoff and sediment 

yield..These results will be discussed further in chapter 6. Based on the optimized values 

derived in the current analysis, a new predictive equation for Kc was developed for possible 

future use in the model. These results are described in this chapter. First, there will be a 

discussion of the evolution of the way baseline Ke has been calculated in WEPP. This will 

be followed by a review of some techniques developed to estimate saturated conductivity for 

use in hydrologic simulation models. 

5.2 Calculation of Baseline Values of K,. in WEPP 

It is important to make a clear distinction between saturated hydraulic conductivity 

of the soil (Ks), the rate at which water passes through the soil matrix under fully saturated 

conditions, and effective hydraulic conductivity (Ke). Ks and Kc, while related, are not equal 

in value and do not represent the same thing. Ku represents the actual or effective infiltration 

rate without antecedent moisture interference. Therefore, the soil, although filled to capacity, 

may not be truly saturated across the entire area due to variation in pore structure, 

microtopography, and distribution of rainfall amount and intensity. Kc is an integrated value 
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for an entire plot based on the volume of runoff. True saturated hydraulic conductivity is 

rarely, if ever, achieved on rangelands. 

As mentioned in the previous section, the "baseline" algorithms used in version 94,3 

of WEPP for calculating K,. (i.e., when it is not a direct user input) differ from those used in 

previous versions. In earlier versions, Ks could either be a direct input to the model, or it 

could be calculated internally with a regression equation developed from an extensive 

agricultural soils database by Rawls and Brakensiek (1985). WEPP then attempted to 

calculate Kc internally by adjusting Ks to account for the weight of coarse rock fragments in 

the soil, frozen soil, soil crusting, soil macroporosity, and soil cover. This approach was 

quite complex and involved several levels of nested regression equations. In some cases the 

parameters overlapped. Therefore, an error at one level would be propagated to the final 

prediction of Kc. 

In version 94.3, all of the adjusting equations were removed and K,, was calculated 

directly from basic soil properties. The algorithms were based on model optimization runs 

of both measured and curve number runoff amounts. For soils with a clay content less than 

or equal to 40%, Kc was calculated with the following equation: 

K t  = -0.46 + 0.05 x Sa i K  + 9.44 x CEC ™ (5.1) 

where Sa is percent sand and CEC is the cation exchange capacity (meq/100 g. of soil) in the 

soil layer. The value of the cation exchange capacity should always be greater than 1 

meq/1 OOg for this equation to work properly. If clay content is greater than 40%, Kc is given 
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by; 

Kt = -0.016 x e
,wa (5.2) 

where CI is percent clay in the soil layer. 

5.3 A Review of Techniques for Estimating Hydraulic Conductivity 

This section focuses on ways in which hydraulic conductivity has been estimated by 

other investigators. Much of the literature deals with saturated hydraulic conductivity. This 

term has been used loosely however, and it is likely that in at least some cases, the more 

appropriate term might have been effective hydraulic conductivity. For the purposes of this 

discussion however, each author's own terminology will be used, and there will, therefore, 

be an emphasis on K,. 

Vereecken et al. (1990) identified three different approaches used to estimate 

hydraulic properties from soil characteristics. The first approach, which is probably the 

most common, consists of correlating hydraulic conductivity with other basic soil properties 

that are either morphological, physical or mechanical in nature. Most of the research has 

focused on Ks because it is comparatively easy to measure and it is sometimes used as a 

matching factor in calculating the K,. curve. They concluded that this approach has not been 

very successful, however, due to the large variability in Ks. 

Other researchers have been more optimistic. Anderson and Bouma (1973) developed 

a method of calculating Ks from morphometric data. They found that the technique, which 
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includes a planar-void pore interaction model, yielded reproducible results for soil cores 

sampled in one argillic horizon, and calculated results were reasonably close to those 

measured experimentally. The method also predicted a strong relationship between core 

height and measured hydraulic conductivity in pedal soil materials, suggesting that 

morphological characteristics could be used to define representative sizes of soil samples. 

Other researchers have studied the link between hydraulic conductivity and soil 

textural classifications. Rawls etal. (1982) performed an extensive literature and data search 

in 1978 to compile a database of soil water retention, hydraulic conductivity, and related 

soils information. They developed a set of mean K, values based on soil texture. Further 

comparisons verified that these values are representative. Loague (1992) used rainfall 

simulator data to compare simulated with observed runoff data, based on both measured and 

texture estimated values, and found that soil texture did not provide a reliable estimate of 

near-surface saturated hydraulic conductivity. 

Effective porosity is another soil property that has been effectively linked to the 

spatial distribution of hydraulic conductivity (Ahuja et al. 1989). Experimental data were 

used from five soils. They consisted of Ks and soil water retention curves measured on 

replicated, undisturbed soil cores taken from different soil horizons at several sites for each 

soil. The distribution of Ks was related to effective porosity using a generalized Kozeny-

Carman equation, combined with scaling theory, to derive a distribution of Ks scaling factors. 

The results showed that this method was successful in estimating the spatial distribution of 

Ks from measurements of effective porosity in different layered soils. Their method was 
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found to apply equally well when the different soil types were combined. 

Ravvls and Brakensiek (1989) looked at a number of other factors that may be 

important in the estimation of K,. These included bulk density, soil crust, coarse fragments 

in the soil, canopy cover, and macroporosity factors. Many of their findings were 

incorporated in the earlier versions of WEPP. 

A second approach suggested by Vereecken et al. (1990) was to calculate hydraulic 

conductivity by numerically integrating the soil water characteristic curve using theoretically 

developed models. Investigators using this approach have found that the estimation is only 

valid for the parameters used to describe the soil water characteristic, their relation with non-

hydraulic properties, and a matching factor. 

Vereecken et al. (1990) used a third approach for estimating hydraulic conductivity 

from soil properties in their own research. The parameters of fitted equations were estimated 

and then related to non-hydraulic soil properties. Four empirical models were evaluated 

based on their performance in describing measured unsaturated hydraulic conductivity 

curves. A three-parameter model was selected as the best performer. Regression equations 

were then developed from simple soil properties including texture, carbon content, bulk 

density, and saturated hydraulic conductivity. Using this technique, they concluded that all 

three parameters could be reasonably well estimated from soil texture and saturated hydraulic 

conductivity. 
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5.4 Methodology 

5.4.1 Optimizing Kc 

The WEPP model was used to generate a set of possible Kc values and corresponding 

predicted runoff values. The best value of Kc was interpolated from this set by matching 

observed to predicted runoff. 

A very important input to the WEPP model is initial saturation by volume. 

Tiscareno-Lopez (1991) found that the WEPP hillslope model is very sensitive to initial soil 

moisture for predicting both runoff volume and peak runoff. With runoff volume, for every 

standard deviation change in initial saturation, he found a 0.224 standard deviation change 

in simulated runoff volume and a 0.187 standard deviation change in simulated peak runoff. 

Therefore, since the optimization program was based on actual WEPP runs, it was important 

that this variable was calculated correctly. 

Saturation by volume was calculated with the following equation: 

where s is the degree of saturation by volume, 0„, is the volumetric water content, and/is soil 

porosity. Volumetric water content was calculated as: 

(5.4) 
rtr 

where w is initial soil moisture by weight, ph is dry bulk density (weight per unit volume), 

and pH, is the density of water (approximately 1 gm/cm3). Effective porosity was given by: 
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/ = (1 - 2±) X 0.9 (5.5) 
P, 

where p, is particle density, typically given at 2.65 g/cm3 for a mineral soil. 

Initial soil moisture was measured at three locations on each plot during the WEPP 

field experiments: top, middle and bottom. Average percent soil moisture (by weight) for 

the upper soil layer was calculated for those samples collected prior to the wet run. Percent 

soil moisture by volume was then calculated using the equations described above. In the few 

cases where data were not available, average values were calculated for sites with the same 

soil texture. 

Input files were generated for each plot, incorporating the new values of initial 

saturation. Other inputs to the soils files are listed in Table 5.1. Complete soil pedon 

descriptions, sampling and analysis were made by the Soil Conservation Service (SCS) at 

each of the rangeland sites during one of the years of data collection. All of the values in 

Table 5.1 were taken from the SCS database, because not all of the required inputs were 

available in the WEPP rangeland field study database. To be consistent, all soils values were 

taken from the same soil pedon. Although SCS team members sampled multiple soil pedons, 

all values used in this analysis were taken from the top soil layer of the "mother" soil pit. 

Therefore, the same values applied to all plots at a particular site. 

To generate optimized values of Ku, WEPP was run in batch mode for a series of 

different values of Kc. The initial Kc value and the number of times the model was run were 

determined by the user. Kc was incremented by 0.5 mm/hr prior to each new model run. The 
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Table 5.1. Soil properties for cach site, taken from the SCS database, and used in 
all WEPP runs. 

Site Sand Clay Silt CEC BD OM 1/3-Bar 15-Bar 
<%) <%) (%) (mc<)/ (fi/cc) (% t»y vol) (mm/mm) (in in/mm) 

I00(; soil) 

A1 69.1 16.7 14.2 13.0 1.42 1.84 0,11 0.08 

A2 70.3 11.2 18.5 9.8 1.51 1.50 0.12 0.06 

CI 12.3 41.6 46.1 44.5 0.97 8.89 0.39 0.23 

D1 53.8 14.4 31.8 13.0 1.41 4.04 0.15 0.08 

D2 56.6 10.5 32.9 8.3 1.48 2.25 0.17 0.05 

E2 43.7 13.9 42.4 11.6 1.38 2.28 0.16 0.07 

E5 50.7 12.5 36.8 12.2 1.35 3.06 0.13 0.07 

F1 51.1 14.8 34.1 16.4 1.29 5.24 0.26 0.09 

G1 6.5 44.2 49.3 19.8 1.37 2.39 0.25 0.16 

HI 13.1 49.6 37.3 36.1 1.19 3.24 0.25 0.19 

H2 22.4 44.2 33.4 31.6 1.28 3.65 0.23 0.18 

11 49.8 7.0 43.2 7.2 1.33 1.35 0.16 0.05 

J1 68.2 8.4 23.4 9.0 1.39 1.49 0.12 0.06 

K1 32.0 18.1 49.9 26.6 0.84 6.39 0.46 0.16 

K2 32.0 18.1 49.9 26.6 0.84 6.39 0.46 0.16 

incremented values of Kc and corresponding model predicted runoff volume were generated. 

The optimization program interpolated between two values of K,., at 0.5 mm/hr increments 

until the best fit was found. Therefore, the largest possible error in Kc was 0.25 mm/hr. 
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5.4.2 Developing a Prcdictivc Equation for Ke 

A new predictive equation for Ke was developed to evaluate cover in terms of rill and 

interrill areas using optimized values of Kt. (i.e., WEPP model configuration 6 to be 

described in chapter 6). A data set was developed containing basic soils and ground cover 

data for all 44 plots. Soil parameters included percent sand, silt, and clay, cation exchange 

capacity, bulk density, and organic matter. Both the total cover values for each component 

of ground cover and the individual values for each component in rill and interrill areas were 

included. Also included were the optimized Ku values generated for each plot. 

All possible regression models within an 85% confidence range were generated, with 

Ke as the dependent variable. Only regression models with six terms or less were considered 

due to the complexity involved in understanding the physical interactions with more terms. 

Models with terms that were codependant were discarded. Regression analysis was 

performed on the remaining models. Only those models that had variables that were 

significant at p<: 0.1 were retained. The remaining models were tested with the WEPP field 

data set used throughout this analysis. All but one of them predicted one or more negative 

values for KL.. Since this is clearly a physical impossibility, these models were also 

discarded, and the remaining model was selected. 
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5.5 Results and Discussion 

5.5.1 Optimizing Kc 

Values of initial saturation, observed runoff, and optimized Kc, organized by soil 

texture, are presented in Table 5.2. It was necessary to lower initial saturation values for four 

of the plots. With very high saturation levels (greater than 90%), the model was unable to 

predict a Kc that would correspond to observed runoff. 

Figure 5.1 depicts a surface response curve relating initial saturation, observed runoff 

and effective hydraulic conductivity. Normalized values were used to correct for variations 

in rainfall volume. The figure shows that maximum K,. was attained when observed runoff 

was lowest and initial saturation was greatest. Both an increase in initial saturation and a 

decrease in runoff correspond with an increase in Kc for all values of the other parameter. 

As discussed above, there is a physical basis for the relationship between observed runoff 

and Kc because of differences in soil types. A 5% change in initial saturation for a sandy 

soil, for example, has a greater influence on Kc than does a corresponding change in a clay 

soil. However, it was the combination of runoff and initial saturation that had the greatest 

effect on the optimized value of K,., suggesting that WEPP is most sensitive to the interaction 

of these two factors. 
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Tabic 5.2. Results of Kc optimization program, ordered by soil texture. 

Initial Observed Kc 

Sat. Runoff (Fitted) 
Soil Texture Site Year Plot Cmml fmm/lirl 

Clay HI 88 113 94.43' 1.51 10.04 

HI 88 118 77.30 3.02 8.60 

II2 87 119 57.41 5.02 4.21 

H2 87 122 60.59 7.64 2.99 

H2 88 119 73.49 8.47 2.65 

H2 88 122 75.59 6.77 4.42 

Cobbly Clay CI 87 67 37.82 16.54 0.75 

CI 87 70 37.82 6.92 3.66 

Silly Clay G1 87 107 70.11 1.46 10.80 

G1 87 112 70.11 4.58 5.23 

Sanely Clay Loam A2 87 52 69.53 12.80 13.83 

A2 87 54 69.53 16.17 3.63 

Loam D1 87 71 86.78 16.97 9.39 

D1 87 76 99.912 11.47 11.53 

D1 88 71 85.47 5.57 22.66 

D1 88 76 86.833 0.61 27.71 

E2 87 91 73.07 0.23 25.90 

E2 87 94 69.90 3.29 15.53 

E2 88 91 45.12 0.61 18.20 

E2 88 94 72.54 1.85 22.03 

F1 87 103 73.29 0.96 26.54 

FI 87 106 59.85 0.25 18.39 

Sandy Loam E5 88 156 54.42 1.51 16.83 

E5 88 158 49.71 3.03 13.04 

1 Modified to 75% 

2 Modified to 90% 

3 Modified to 80% 
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Table 5.2. continued. 

Initial Observed Kc 

Sat. Runoff (fitted) 
Soil Texture Site Year Plot (%) fmml fmm/hr) 

Gravelly Sandy Loam A1 87 33 52.04 1.46 24.45 

A1 87 36 52.04 2.50 32.85 

KI 87 137 43.52 0.41 15.31 

K1 87 140 51.62 0.16 15.93 

K.1 88 137 46.94 0.06 16.97 

Kl 88 140 53.86 0.76 18.67 

K2 87 141 38.44 0.37 13.85 

K2 87 142 38.50 0.19 15.42 

K2 87 143 40.80 1.00 20.05 

K2 87 144 40.80 1.95 15.29 

K2 88 143 38.38 1.95 18.43 

K2 88 144 43.22 1.95 20.25 

Sandy Loam 11 87 128 52.65 8.05 5.20 

11 87 129 60.61 8.84 7.32 

J1 87 132 38.07 4.51 14.52 

J1 87 133 43.05 1.30 18.46 

D2 87 77 77.87 11.59 10.36 

D2 87 80 72.71 10.66 8.77 

D2 88 77 86.94'' 6.61 18.79 

D2 88 80 77.27 6.28 16.47 

•" Modified to 80% 
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Figure 5.1. Surface response curve showing relationship between K„ initial saturation, 
and observed runoff volume, normalized by volume of precipitation. 



88 

5.5.2 Developing a Prcdictivc Equation for Ke 

The new predictive linear equation for effective hydraulic conductivity that was 

selected using the process described in section 5.4.2 is shown in Figure 5.2. This is a four 

variable model with an r of 0.60, indicating that 60% of the variation in Kc is associated with 

the model variables. The observed value of the F statistic used to test the appropriateness 

of the linear regression was 14.84 with an associated p > 0.0001, showing that the equation 

fit the data at a very high confidence level. 

The equation contains terms representing soil texture, percent clay, and the 

distribution of ground cover including the fraction of litter cover in rills, basal cover in rills, 

and rock cover in interrills. These terms are individually significant at the 95%confidence 

level or better. From a physical standpoint, the independence of each of the four terms is an 

attractive feature of this equation. The fact that each of the ground cover characteristics is 

represented by a fraction term (either rill or interrill) further confirms the importance of 

considering rill and interrill cover independently in the WEPP model. 

Figure 5.2 also shows the baseline model predicted Kc values, as predicted by the 

model when Kc was not a user input. This equation had a coefficient of determination of 

0.22, showing a very low goodness of fit. Clearly the new predictive equation does a much 

better job in estimating K,. for this data set. Correlation coefficients for each variable used 

in the multiple regression analysis to predict effective hydraulic conductivity are shown in 

Table 5.3. Clay content had the strongest relationship with Ke, with a moderate negative 

correlation of about -0.53. 
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Figure 5.2. Baseline and new model observed vs. predicted values of cffcctive 
hydraulic conductivity. 
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Table 5.3. Correlation coefficients for regression with Kc 

Sand Content (%) 0.46326 

Silt Content (%) -0.13444 

Clay Content (%) -0.53452 

Cation Exchange Capacity -0.39189 

Bulk Density 0.00327 

Organic Matter -0.04534 

Field Capacity -0.04438 

Wilting Point -0.38706 

Initial Saturation -0.03814 

Canopy Cover (fraction) -0.12406 

Total Ground Cover (fraction) 0.16846 

Total Litter Cover (fraction) 0.08035 

Rill Litter Cover (fraction) 0.11392 

Interrill Litter Cover (fraction) -0.00544 

Total Rock Cover (fraction) 0.38130 

Rill Rock Cover (fraction) 0.38130 

Interrill Rock Cover (fraction) 0.31210 

Total Basal Cover (fraction) -0.43282 

Rill Basal Cover (fraction) -0.48049 

Interrill Basal Cover (fraction) -0.06463 

Total Cryptogam Cover (fraction) -0.00561 

Rill Cryptogam Cover (fraction) 0.00418 

Interrill Cryptogam Cover (fraction) -0.05298 
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EFFECT OF SPATIAL LOCATION OF GROUND COVER IN WEPP 

6.1 Introduction 

This chapter discusses three sets of tests conducted to validate the rangeland option 

of the WEPP model. Data from the fifteen range sites described earlier were used. Six 

configurations of the single event model were tested to compare their response in terms of 

runoff, peak runoff, and sediment yield predictions. 

WEPP has evolved over time and the effects the changes have had on model 

predictions have never been fully analyzed for rangelands. The first set of tests conducted 

to validate the model concerned recent changes in methodology to estimate interrill 

detachment. In version 94.3 of WEPP, interrill detachment was calculated as a function of 

rainfall intensity and runoff instead of the square of rainfall intensity. Therefore, the impact 

of changing this equation on predicted sediment yield was evaluated. 

WEPP has historically provided the user with two options for providing a value for 

effective hydraulic conductivity (Kc). It could either be entered as a baseline model-

calculated value or as a direct user input. Two new equations were introduced in version 

94.3 to estimate the baseline KL. value (Equations 5.1 and 5.2). The effect of the change in 

method of estimating on predicted sediment yield were tested in this analysis. 

An important assumption in WEPP has always been that vegetation and other 

components of surface ground cover are uniformly distributed across the landscape. Based 
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on observed data (presented in Appendix B), this assumption is not valid. The results of the 

sensitivity analysis presented in Chapter 4 indicated that a non-uniform distribution of the 

components of ground cover may affect model predicted sediment yield. The last set of 

model comparisons presented in this chapter were used to test the effect of uniform and non

uniform cover on model predicted sediment yield. 

6.2 Methodology 

6.2.1 Model Configurations 

The WEPP model was tested using observed data from each of 44 natural plots from 

the wet run under six different configurations (Table 6.1). Input data sets were developed 

for each model configuration. Configurations 1 and 2 were based on the earliest version of 

the model used in this analysis (93.13). This version uses the original interrill erodibility 

equation. Baseline model calculated values of were used in configuration 1 and optimized 

values of Kc were used in configuration 2. The methods used in the optimization process 

were described in chapter 5. No modifications were made to ground cover calculations. 

Configurations 3, 4, 5, and 6 were all run using version 94.3 of WEPP. A major 

revision made in this version was in the calculation of the interrill erodibility rate (Dj). The 

new equation was expected to provide a more realistic representation of the physical 

processes that occur across the landscape. Configurations 3 runs were made with model 

calculated values of Kc, whereas configuration 4 used the optimized values of K,.. The new 
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Tabic 6.1. Six configurations of model runs. 

Config. WEPP Version Ground Cover Kc 

93.13 94.3 
(old Dj) (new Dj) Default Modified Baseline Opt. 

1 X X X 

2 X X X 

3 X X X 

4 X X X 

5 X X X 

6 X X X 

cover distributions were used in configurations 5 and 6. The difference between them was, 

in default versus user-input, optimized values of Kc. 

Some basic characteristics of each of the 44 plots used in this analysis are presented 

in Table 6.2. Each of the plots is listed by soil texture, ranging from clay to sand. Although 

the plots are representative of a range of soil textural types, there are a few gaps, most 

notably a loamy sand and pure sand soil. The general vegetation type of each plot (grass, 

shrubs or trees) is also given. Plots from nine of the sites were located in grassland 

communities, while four were located in shrub communities. One site was situated in an oak 

savanna and one in a Pinyon juniper community, but sampling at both sites took place in the 

grass interspace. Figures 6.1a and b show the distribution of the 44 plots by vegetation 

community and soil textural class. 
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Tabic 6.2. Forty-four plots in WEPP database for natural vegetation with soil at field 
capacity. 

Soil Texture Site 
# o f  

Plots Grass Shrub Trees 
Plot 

Number Year 

Clay HI 2 X 113 88 

Pierre Series 118 88 

Clay H2 4 X 119 87 

Pierre Series 119 88 

122 87 

122 88 

Cobbly clay CI 2 X* 67 87 

Purves Series 70 87 

Silty clay G1 2 X 107 87 

Degater Series 112 87 

Sandy clay None 

Silty clay loam None 

Clay loam None 

Sandy clay loam A2 2 X 52 87 

Forrest Series 54 87 

Silt loam None 

Loam D1 4 X 71 87 

Grant Series 71 88 

76 87 

76 88 

Loam E2 4 X 91 87 

Ouinlan Series 91 88 

94 87 

94 88 

Loam F! 2 X 103 87 

Vicici Series 106 87 

Sandy loam E5 2 X 156 88 

Woodward Series 158 88 

Silt None 

Gravelly sandy loam A1 2 X 33 87 

Stronghold Series 36 87 
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Tabic 6.2. continued. 

Soil Texture Site 
# o f  
Plots Grass Shrub Trees 

Plot 
Number Year 

Gravelly sandy loam K1 4 X 137 87 

Jauriga Series 137 88 

140 87 

140 88 

Gravelly sandy loam K2 6 X 
• • 

141 87 

Jauriga Series 
• • 

142 87 

143 87 
• • • • 

143 88 
* * •  

144 87 
* * * » 

144 88 

Sandy loam 11 2 X* 128 87 

Hackroy Series 129 87 

Sandy loam J1 2 X 132 87 

Ouerencia Series 133 87 

Sandy loam D2 4 X 77 87 

Grant Eroded Series 77 88 

80 87 

80 88 

Loamy sand None 

Sand None 

* Sampling occurred in the grass interspace 

Cool burn in 1986 - vegetation had regrown 

Intense burn in 1987 - no standing biomass & litter was ash 

Vegetation had regrown since 1987 burn & all litter was plant residue 
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Figure 6.1. Distribution of plots within cnch vegetation community (a) and soil type 
(b). 



97 

6.2.2 New Assumptions and Related Modifications to WEPP Model 

Several preliminary steps were required to modify WEPP to consider the distribution 

of ground cover in rill and interrill areas for use in configurations 5 and 6. It was necessary 

to modify the management input file to include both rill and interrill values for the four 

ground cover characteristics considered. The model was changed to read these values in 

directly and to bypass the predictive equations for basal and litter cover. Total canopy cover 

was a direct user input instead of being calculated as a function of plant mass. 

WEPP assumes that no plants or cryptogams are present in active rills. Total rill 

cover is calculated as the sum of total litter cover and total rock cover, and total interrill 

cover is assumed to equal to total ground cover (i.e., the sum of the totals of litter, rock, basal 

and cryptogamic cover). These assumptions result in an overestimation of litter and rock 

cover by locating totals of each factor in both rill and interrill areas. To modify the model 

for configurations 5 and 6, total rill cover was calculated as the sum of the fraction of each 

cover component located in the rills. Similarly, total interrill cover was calculated as the sum 

of the fraction of each component located in the interrill areas. For example, if 30% of a plot 

was covered by rocks, and 40% of those rocks were in rill areas, then 60% would be in 

interrill areas. Total rock cover in the rills would be 12% ([40 x 30])/100), and total rock 

cover in the interrills would be 18% ([60 x 30]/100). Distributions of litter, basal vegetation, 

and cryptogams would be calculated in the same way. The totals for rills and interrills would 

be calculated by summing the individual components for each area. In this way, 

configurations 5 and 6 were based on a more accurate physical representation of the amount 
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and distribution of ground cover on a plot. 

Other modifications were required to consider the new ground cover distributions. 

In WEPP, an effective hydraulic roughness coefficient was originally computed as the sum 

of total basal and cryptogamic cover; therefore, it was assumed to originate only from 

interrills since rills were assumed to have no vegetation. This coefficient was then used in 

the calculation of the Darcy-Weishbach friction factor for the entire interrill area. Since it 

was assumed that vegetation was present in both rills and interrills for configurations 5 and 

6, it became necessary to compute two effective hydraulic roughness coefficients. They were 

calculated as the sum of total basal and cryptogamic cover present in rills and interrills, 

respectively. The effective hydraulic roughness coefficient originating from rills was added 

to the Darcy-Weishbach friction factor for rills. The various friction factor equations for 

rock and litter in rills and interrills were then adjusted to consider the percentage of each 

cover component in its respective area. 

6.2.3 Litter Mass to Cover Calculations 

The WEPP model calculates total litter cover as a function of litter mass (Equations 

2.17 and 2.18). Since all cover fractions were direct inputs to the model in configurations 

5 and 6, a value of litter mass was not required. However, all other configurations (1 through 

4) required litter mass values to calculate litter cover. Therefore, it was necessary for the 

litter mass inputs in these configurations to generate the same observed litter cover values 

as those entered directly. This was done to ensure that the improvement of the modified 
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cover distributions was being evaluated, as opposed to the equation that estimates total litter 

cover. Since litter mass data was not collected for the large plots in the WEPP field 

experiments, Equation 2.17 was rearranged and solved to predict litter mass from observed 

litter cover. These calculated litter mass values were then used as model inputs for 

configurations 1 through 4. 

6.2.4 Canopy Cover/Standing Biomass Calculations 

Because canopy cover was a direct input in configurations 5 and 6, it was necessary 

to modify the model for configurations 1, 2, 3, and 4. As with litter mass, the purpose was 

to ensure that the calculated values of canopy cover would match the observed values (used 

in configurations 5 and 6). 

The relationship between canopy cover and standing biomass is difficult to estimate 

on rangelands due to the complexity of the plant communities found there. Canopy cover 

is calculated using the following exponential function in WEPP: 

Cc = \ - e f'B' (6.1) 

where Cc is total canopy cover,/, is a shaping coefficient based on plant community, and B, 

is total above ground standing biomass (kg/m2). The shaping coefficient is calculated as: 

fc = 21.39 - 54.91 C, + 61.11C„2 - 30.44Co
J + 5.56CD" (6.2) 

where C„ is above-ground standing biomass when canopy cover is equal to 100%. 
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As with litter mass, biomass was not measured during the WEPP rangeland field 

experiments on the large runoff plots. Therefore, microplot data was used to calculate values 

of f. for each plot with a solution of Equation 6.1 using observed canopy cover and biomass. 

Observed macroplot canopy cover and the calculated values of f.> were used to calculate 

total above-ground standing biomass for the large plots. Predicted standing biomass was 

used in configurations 1 through 4 so that model calculated canopy cover would match 

observed values. A similar approach was used for basal cover which was calculated as a 

function of canopy cover, based on Equations 2.19 and 2.20. In this way, it was possible to 

input the correct value of basal cover depending on the plant community of each plot. 

6.2.5 Comparisons of Model Performance 

Graphical and quantitative measures were used to compare the performance of the 

WEPP model under the six different configurations tested. One-way analysis of variance 

was used to determine if there was any significant difference among the means of runoff 

volume, peak discharge and sediment yield between observed values and those predicted by 

all six model configurations. Based on those results, a mean separation test was used to 

establish which model configurations were significantly different from one another. Specific 

questions to be answered with the ANOVA and mean separation tests are presented in Table 

6.3. Observed and simulated values of runoff volume, peak runoff, and average sediment 

yield were evaluated using scattergrams and simple linear regression analysis. 
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Table 6.3. Questions to be answered with ANOVA and mean separation tests in the 
comparison of observed vs. predicted values of sediment yield. 

Configurations Compared Purpose 

All configurations versus 

observed data 

Were any of the mean model predictions significantly 

different from the observed means? 

Configuration 2 versus 

Configuration 4 

Did the changes resulting from the new Dj equation 

result in significantly different mean model 

predictions? 

Configuration 3 versus 

Configuration 4 

Did the changes resulting from optimizing Kc, using 

default ground cover distributions, result in 

significantly different mean model predictions? 

Configuration 5 versus 

Configuration 6 

Did the changes resulting from optimizing Kc, using 

modified ground cover distributions, result in 

significantly different mean model predictions? 

Configuration 4 versus 

Configuration 6 

Did the changes resulting from modified ground 

cover distributions result in significantly different 

mean model predictions? 

Configuration 3 versus 

Configuration 6 

Did the changes resulting from a combination of 

optimizing Ktf and modified ground cover 

distributions result in significantly different mean 

model predictions? 

Configuration 1 versus 

Configuration 6 

Did the changes resulting from a combination of the 

new D| equation, optimizing Kc, and modified ground 

cover distributions result in significantly different 

mean model predictions? 
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6.3 Results and Conclusions 

6.3.1 Modified Ground Cover Distributions 

The actual distributions of each component of ground cover in rill and interrill areas 

for the 44 plots for configurations 5 and 6 are shown in Figure 6.2. All of the cover 

components show variations of a bimodal distribution. This is logical because if many plots 

have a high percentage of any given cover component located between plants (rills), then 

these same plots must have a low percentage of that component located under plants 

(interrills). Similarly, if 50% of the total amount of a component is located in the rills, the 

other 50% must be in the interrills. In other words, the plot would have a uniform 

distribution for that cover component. 

For all 44 plots, litter cover located in the rills was never less thant 40%, while litter 

located in interrill areas was always less than 80%. This shows that much of the litter was 

located between the plants for many of the plots. With basal cover, most plots had more than 

90% of their total basal cover located in the rills. This was balanced by the large proportion 

of plots that had only 10% of their total basal cover in interrills. This is completely contrary 

to the assumption made in WEPP that no plants are present in active rills, and could have a 

large influence on model results when compared to the configurations that were modified to 

consider the measured cover distributions. 

The results for both litter and basal cover can be explained by the large number of 

shortgrass sites in the analysis. For most of the shortgrass communities evaluated, plant 

heights were less than an inch, and therefore did not meet the criteria for canopy cover. Most 
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litter or basal cover on these plots, then, would be considered to be in the rills since very little 

of the vegetation present would be considered canopy cover. 

Several plots were not included in Figures 6.2b and 6.2d because they had no rock 

or cryptogamic cover at all. For the purposes of the model, the distribution was considered 

to be 50:50, but this assumption had no effect on model results. However, if they had been 

plotted in Figure 5.2, these values would give the deceptive impression that these plots 

actually had a relatively uniform cover distribution for that component. 

The number of plots for which rock cover located was located in the rills peaked at 

greater than 90% cover. None of the plots had less than 50% of total rock cover in rills. This 

was balanced by the fact that while the number of plots in which the percentage of total rock 

cover located under plants peaked at zero, there are no cases in which it exceeded 60%. 

6.3.2 Comparisons of Model Configurations 

Summary statistics for both measured and simulated runoff volume, peak discharge 

and sediment yield are presented in Tables 6.4. These values were all normalized by 

dividing by the amount of applied precipitation volume. The complete data set from which 

these values were calculated is presented in Appendix C. 

Configuration 1 had the largest mean and smallest range of predicted values of runoff 

volume. It also had the smallest standard error indicating that the predicted values were 

clustered tightly about the mean. In comparing configurations 3 and 5 which both used the 

newer baseline predictive Kc equations, ranges, means, and standard errors are very similar. 
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Table 6.4. Summary statistics for normalized runoff volume, peak discharge and 
sediment yield for observed data and six model configurations, each with 
a sample size of forty-four. 

Variable 
(normalized) Configuration Min. Max. Mean SE 

Runoff Volume Observed 0.000 0.700 0.197 0.029 

1 0.900 0.962 0.920 0.003 

2 0.000 0.702 0.200 0.029 

3 0.200 0.762 0.494 0.020 

4 0.000 0.701 0.187 0.030 

5 0.200 0.763 0.501 0.020 

6 0.000 0.700 0.192 0.031 

Peak Discharge Observed 0.000 2.159 0.809 0.101 

I 0.500 0.819 0.646 0.009 

2 0.000 1.935 0.769 0,093 

3 1.100 2.314 1.654 0.046 

4 0.000 1.925 0.680 0.101 

5 1.100 2.321 1.672 0.045 

6 0.000 1.930 0.729 0.101 

Sediment Yield Observed 0.000 33.785 2.832 0.790 

1 0.000 123.613 9.322 3.085 

2 0.000 39.864 2.753 0.977 

3 0.000 21.229 2.300 0.666 

4 0.000 29.446 2.696 0.936 

5 0.900 30.733 8.187 1.196 

6 0.000 13.351 2.183 0.462 
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This is also true for configurations 2, 4 and 6, which all used optimized K,. values. This 

suggests that the changes in the interrill erodibility equation and new cover distribution had 

little impact on mean predicted runoff volume. 

The same conclusions can be drawn for mean peak discharge, with one exception. 

While configuration 1 has a very small range in comparison with the other configurations 

and with observed data, it also has the lowest mean value. Configuration 5 is the only one 

that predicts sediment yield for all of the plots, even when the observed yield is zero. 

Configuration 1 predicts the greatest range and observed values of average sediment yield. 

The standard error of the mean for configuration 1 is more than three times larger than that 

of any of any other configuration, indicating the greatest variability. 

The results of the one-way analysis of variance tests used to evaluate runoff volume, 

peak discharge, and sediment yield are presented in Table 6.5. The probability values for all 

three variables are extremely small, suggesting that there is no statistical support for the 

hypothesis that the means of observed data and all six configurations were equal for any of 

the variables. The null hypothesis of equality was rejected at the 95% confidence level, and 

there was at least one inequality in means for all three dependent variables. Therefore, it was 

appropriate to conduct a mean separation test to evaluate which configurations were 

statistically different. 

The statistical model for runoff volume has the highest r, followed by peak 

discharge, and sediment yield. This suggests that as WEPP progressed from calculating 

runoff volume to peak discharge to sediment yield, the relationship between observed and 
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Table 6.5. Results of ANOVA tests with runoff volume, peak discharge, and 
sediment yield as dependent variables for six model configurations 
and observed data (n = 308 and alpha = 0.5). 

Dependent Variable r2 cv Prob > F 

Runoff Volume 0.707 43.276 0.0001 

Peak Discharge 0.404 52.673 0.0001 

Sediment Yield 0.085 217.400 0.0002 

predicted values deteriorated significantly. The coefficients of variation indicate that 

variability increased through the same progression, particularly with sediment yield. Because 

three of the configurations tested used KL. values that were optimized using observed runoff 

volume, it is understandable that the r3 for runoff volume and peak discharge were so high. 

Figure 6.3 depicts the mean model predicted values of runoff volume, peak discharge 

and sediment yield for each configuration. Each bar represents the mean value of either 

observed data or a model configuration. Also presented in this figure are the results of the 

Tukey's studentized range tests, performed at the 90% significance level for runoff volume, 

peak discharge and sediment yield. 

Three distinct groupings were found not to be significantly different for runoff 

volume, given a 10% error rate. One consisted of configurations 3 and 5, another of 

configuration 1, and a third of configurations 2, 4, 6, and observed data. This implies that 

configurations with optimized values of Ke made better model predictions of mean runoff 

volume. In addition, the new baseline equations used to calculate Ke made an improvement 

in mean model predicted runoff volume since configurations 3 and 5 are closer to observed 
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data than configuration 1. 

Only two groupings were identified for peak discharge. Configurations 3 and 5 fell 

into one while observed values and configurations 1, 2, 4, and 6 fell into a second. Those 

configurations for which Kc was calculated with the new default model calculated equations 

resulted in mean peak discharge values that were significantly different from observed data. 

Therefore, the benefit of changing the baseline predictive equations seen for runoff 

volume was not observed for mean model predicted peak discharge. In fact, it had the 

opposite result. 

There was some overlap in the Tukey groupings for mean sediment yield. The 

observed values and configuration 5 were not statistically different from each other, but they 

each also fit into other groupings. Since the test is evaluated one pair at a time, an inference 

on one pair was not independent of an inference on another pair. According to these results, 

there were no significant differences in average sediment yield between the observed data 

and the predictions generated by configurations 2, 3, 4, and 6. However, there was a great 

deal of variability between these model configurations from plot to plot. 

Using the results for sediment yield, it is possible to answer the questions asked in 

Table 6.3. It has already been established that there were significant differences between 

some mean model predictions of sediment yield. Configurations 2 and 4 both fell into group 

c, suggesting that the use of the new interrill erodibility equation did not result in 

significantly different mean model predictions of sediment yield. Configurations 3 and 4 

were also included in group c. Thus, optimizing Ke and using the original ground cover 
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distributions, had no significant effect on mean model predictions of sediment yield. This 

was not true for the new ground cover distributions used in configurations 5 and 6. Although 

mean values of each of these configurations were not statistically different from the observed 

data, they were different from one another. This indicates that optimizing Ke had an effect 

on model predictions in this case. 

The Tukey's test also revealed that the changes resulting from the modified ground 

cover distributions, when using optimized K,, values, did not result in a significant difference 

in mean model predicted sediment yield. The same held true for the changes resulting from 

a combination of optimizing Kc and using modified cover distributions in the model. The 

Tukey's test also revealed no significant difference in mean model predicted sediment yield 

for the three-way modification based on the new equation for interrill erodibility, optimized 

Kc, and the modified ground cover distributions. 

Observed versus predicted values of runoff volume for all model configurations are 

presented in Figure 6.4. Configurations 1, 3, and 5, all using model-calculated values of K^, 

showed a very poor match with observed runoff. The r values for these cases were 

extremely low, suggesting that virtually none of the variation in predicted runoff could be 

attributed to a linear relationship between observed and predicted runoff. This is not the case 

for configurations 2, 4, and 6, all based on optimized values of Kc. The r values for these 

configurations were all greater than 97%, showing a very strong relationship between 

observed and predicted runoff. This was expected because K,. was optimized using observed 

runoff volume. The strength of the relationship deteriorated slightly from configuration 2 
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to 4 to 6. This can be attributed to changes in the version of the model used, and the 

modifications required to represent the new cover distribution in configuration 6. 

Configuration 3, the baseline case, was the worst predictor of runoff volume. Configurations 

3 and 5 were only slightly better. This indicates that the new default Kc equations used in 

version 94.3 made only a slight improvement in model predicted runoff volume. 

Figure 6.5 depicts the six model configurations for peak discharge. These results 

nearly mirrored those of runoff volume; the configurations with optimized Kc values were 

much closer to the 1:1 line than those that used model calculated Kc values. This was also 

expected since peak discharge is calculated from simulated runoff in WEPP. Configurations 

3 and 5 had a lower r2 than configuration 1 indicating that the improvement of the new 

default Ke equation to runoff volume was not carried through to peak discharge. Of the three 

configurations with optimized K,., configuration 4 had the highest r2. This suggests that the 

new interrill erodibility equation in version 94.3 (with optimized values of KL. and without 

the modifications to ground cover) was better than the original for predicting peak runoff 

using this data set. 

Normalized sediment yield results for the 44 plots in each model configuration are 

illustrated in Figure 6.6. These graphs were plotted on a logarithmic scale due to the large 

range of predicted values that resulted with some configurations. Optimizing Ke made a 

slight difference in predicted sediment yield between configurations 1 and 2 and between 

configurations 3 and 4. Optimizing KL. resulted in a much lower r2 when ground cover 

distribution was modified. These modifications offset the benefits of optimizing K,.. 
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Configuration 2 had the best r (0.790) of the six. This is not surprising because this 

was the most calibrateded model configuration. It used the original interrill erodibility 

equation for which the model was calibrated, Kc values that were optimized using WEPP 

itself, as well as default ground cover distributions (as the model was originally calibrated). 

Configuration 6 resulted in a very low r with high standard error, but errors in predicted 

sediment yield were more evenly distributed. 

6.3.3 Interrill Erodibility Adjustment Factor 

When working with complex models such as WEPP, it is important to keep in mind 

that adjusting one factor can offset another factor, resulting in a new set of problems, due to 

the high level of interaction among parameters. In this study, the physical representation of 

ground cover was changed to be more realistic, based on observed data. Ideally, this would 

result in an improvement to model predicted values. The result was just the opposite. 

Something in the model that used the default ground cover distribution compensated for the 

invalid assumption of uniform distribution. 

Rill and interrill erodibility equations are configured specifically for the model they 

are to be used in. They are designed as compensating factors to account for all the unknowns 

that cannot be quantified due to limitations in our knowledge. In WEPP, these equations 

were configured based on the model as it was developed with the default ground cover 

distributions. Therefore, in order for the cover distributions to make improvement to the 

model, adjustments are required in erodibility. 
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Figure 6.7 shows that in modifying the model to consider the actual cover 

distributions, total ground cover underneath plants generally became much lower than it was 

before modification. This causes a problem in the equations used to calculate an adjustment 

factor for interrill erodibility. The adjustment is used to take variability in vegetation 

characteristics and management into consideration. The ground cover adjustment factor is 

based on plant community (shrub or grassland), and is calculated as a function of total 

interrill cover. With such a dramatic decrease in interrill cover, the total adjustment to K| 

was increased for all plots, resulting in larger values of K|. These adjusted K| values did not 

perform well for plots with extremes in soil texture (i.e., high sand or high clay). For these 

soil textures, the model significantly over predicted sediment yield (Fig. 6.8). 

However, there is a good spread of under and over predictions with the modified 

cover distributions . The plots for which the model predicted that rilling would occur did not 

change much. Therefore, it is not valid to conclude that the distribution of ground cover, as 

modeled in configuration 5 and 6, didn't work. More work is needed to modify the interrill 

erodibility adjustment equations to balance the changes made in the representation of ground 

cover. 
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Figure 6.7. Total interrill cover as calculated by model with default cover distribution and 
new cover distribution for forty-four plots used in analysis. 
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

7.1 Summary 

The baseline equations used in WEPP to calculate K,. for rangeland conditions, when 

it is not a user input, resulted in extremely low values as compared to the optimized values 

calculated for use in this research. The low values of Ke, in turn, resulted in very poor 

predictions of runoff volume. These errors in runoff prediction were propagated throughout 

the model and resulted in poor predictions in peak discharge and sediment yield. One 

objective of this research, therefore, was to develop an improved baseline predictive equation 

for effective hydraulic conductivity (KL.) for possible future use in the WEPP model for 

rangeland conditions. The analysis used data collected during the WEPP rangeland field 

study, and was accomplished through linear regression analysis. Regression models were 

generated using measured soil and cover data for the 44 natural plots evaluated in this study 

and the optimized KL. values that were calculated for this research. 

The primary objective of this research was to improve the characterization of surface 

ground cover in the WEPP model, focusing on the interrelationship between the components 

of ground cover and surface runoff and soil erosion. This was achieved by testing the single-

event version of the model to decide if including measured ground cover distributions in rill 

and interrill areas would have a significant impact on model predicted sediment yield. As 

a preliminary test, a sensitivity analysis was conducted over a range of possible spatial 
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distributions of three ground cover components that are important to WEPP; litter, rock and 

basal vegetation. 

Once it was decided that partitioning ground cover components could make a 

significant difference to model results under some conditions, WEPP was evaluated for a 

single event using a linear hillslope for six different configurations. The configurations were 

based on variations of three model parameters: old vs. new equation to calculate the interrill 

erodibility rate (Dj), baseline model-calculated vs. optimized effective hydraulic conductivity 

(KJ, and default (uniform) vs. observed distribution of ground cover between rill and 

interrill areas. 

Configuration 6, based on the new Dj equation, optimized Ke values and the proposed 

adjustments to ground cover distribution in the model, was expected to yield the best model 

predictions of sediment yield. This expectation was based on the hypothesis that there is a 

difference in the way WEPP responds to ground cover depending on its physical location on 

the landscape (given the new D; equation and optimized Kc). The model was adjusted to 

accept the input of four ground cover components as a percentage of each component located 

in rills and interrill areas. The observed values of each component were input to the model. 

In this way, litter, rock, basal vegetation, cryptogams and bare soil were considered as 

separate inputs in rill and interrill areas. 
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7.2 Conclusions 

The following conclusions can be drawn from this research, conducted using field 

data collected during the WEPP field study conducted in 1987 and 1988 for plots with 

vegetation in natural condition and soils at field capacity, and tested using different 

configurations of the WEPP model for rangeland applications. 

1. Effective hydraulic conductivity fK,/): 

Although the "baseline" algorithms used for calculating were completely redefined 

in version 94,3 of WEPP, the new equations offer little improvement for rangelands. This 

is evidenced by the results presented in chapter 6. Configurations 1, 3 and 5 yielded very 

poor predictions of runoff volume and peak discharge. Configuration 1 uses WEPP version 

93.13, and therefore the original baseline Kc algorithms. This model clearly resulted in the 

poorest runoff and peak predictions. When compared with observed values of runoff 

volume, the coefficient of determination was only 0.003. When compared with observed 

values of peak discharge, it was only 0.02. Models 3 and 5, based on the newer baseline Ke 

equations, offered only a slight improvement. 

Clearly neither set of baseline equations was appropriate for the data used in this 

analysis. The equation developed as a part of this research is recommended for further 

testing under rangeland applications. The four terms of the equation are clay, litter cover in 

rills, basal cover in rills, and rock cover in interrills. The regression model is well balanced 

in that it contains a term representing soil texture and three terms representing the 
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distribution of ground cover features. This leads further credence to the idea that the spatial 

distribution of ground cover is an important factor in hydrologic modeling. 

2. Sensitivity analysis: 

The sensitivity analysis undertaken in the study was designed to evaluate if, and 

under what circumstances, the partitioning of ground cover components between rill and 

interrill areas would affect model predictions of sediment yield. It was not, however, 

designed to learn if any changes would improve the model. The analysis was used to identify 

the relative importance of the different components of ground cover in terms of model 

predicted sediment yield. This was possible because as each individual component was 

tested at various percentages, the other two were held constant at zero. 

The sensitivity analysis revealed that, in the absence of cover by any other 

component, fitter offers the most protection from erosion, followed by rock and basal cover. 

The importance of litter cover in erosion protection is well documented in the literature, and 

this finding confirms similar results by Tiscareno-Lopez (1993). Sediment yield was found 

to diminish as the percentage of ground cover in rills increased for all cover components at 

four different slopes tested. As slope increased runoff velocity increased and the amount of 

ground cover became increasingly important in erosion protection. 

Based on a series of one-way ANOVA tests, the proposed modification to the model 

to incorporate measured ground cover distributions in rills and interrills was found to have 

significant effect on model results for all three cover components tested under different 
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combinations of cover, Ks, Kh Kr, and slope. Forty-three percent of the cases tested for 

various distributions of rock cover showed significant differences in sediment yield, followed 

by 39% for basal vegetation and 34% for litter cover. These values are quite high, 

suggesting that it is important to model results to partition all of these ground cover 

components between areas underneath and outside canopy cover in many cases. The greater 

the slope and/or the lower the saturated hydraulic conductivity, the more likely it was that 

the model would be significantly impacted by the change in the ground cover distribution. 

3. Model configurations: 

It can be concluded that the changes in the WEPP model resulting from the new 

interrill erodibility equation (implemented in WEPP version 94.3) did not result in 

significantly different mean model predictions of sediment yield. Optimizing K,., based on 

the original ground cover distributions, was also shown to have no significant effect on mean 

model predictions of sediment yield. Optimizing with the new ground cover distributions, 

however, was shown to have a significant effect on mean model predictions of sediment 

yield. Implementing the new ground cover distributions, given optimized KL., did not result 

in a significant difference in mean model predicted sediment yield. The same was true for 

the changes resulting from a combination of optimizing K,. and using new cover distributions 

in the model. In terms of the three-way modification based on the new equation for interrill 

erodibility, optimized Ke, and the modified ground cover distributions, the statistical analysis 

revealed no significant difference in mean model predicted sediment yield. 
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Observed versus predicted sediment yield was evaluated for all six model 

configurations. Optimizing K,, made a slight improvement in sediment yield for both sets 

of configurations with the old ground cover distributions. However, in comparing the 

configurations with the new cover distributions, optimizing KL. resulted in a much lower r 

(0.056 vs. 0.301). The modifications made to the model in representing the distribution of 

ground cover offset the benefits of optimizing Kc. Although configuration 6 resulted in a 

very low r with high standard error, sediment yield was distributed more evenly on either 

side of the 1:1 line. 

In modifying the model to consider the measured distributions for each ground cover 

component, the total amount of ground cover underneath plants was generally much lower 

than it was before modification. This resulted in a problem in the equations used to calculate 

the adjustment factor for interrill erodibility. The total adjustment to K, was increased for 

the plots where interrill cover was higher, resulting in much larger values of K, for those 

plots. The model significantly over predicted sediment yield for plots with extremes in soil 

texture. 
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7.3 Rccommcndations 

Based on the findings of this research, it is clear that the baseline equations currently 

used to calculate effective hydraulic conductivity in the WEPP model are not satisfactory for 

all rangeland systems. The hydrologic component of WEPP is currently unable to predict 

runoff volume, and thus peak discharge, unless effective hydraulic conductivity, optimized 

using observed runoff data, is provided by the user. The model is very sensitive to the 

effective hydraulic conductivity parameter; therefore, accurate estimation is very important 

to model results. It is recommended that the predictive Kc equation developed in this study 

be tested using independent data sets to determine if it can be used to replace the current 

baseline equations in WEPP. Further testing is required to determine its robustness under 

a broader range of soil and vegetative conditions. 

Due to the complexity of the WEPP model, it was not possible to conclusively 

determine if separating ground cover characteristics into rill and interrill areas will be 

beneficial to model predicted sediment yield for rangeland applications. Therefore, further 

modifications and testing are required. It will be necessary to develop new equations for 

calculating the interrill erodibility adjustment factor, due to the increased amount of total rill 

cover that resulted from the measured cover distributions for all plots. Since plots with either 

high sand or high clay content resulted in the highest over predictions of sediment yield, it 

is recommended that, in addition to plant community, soil texture also be evaluated in 

adjusting for interrill erodibilty. Once this has been resolved, it will be possible to retest the 

effect of considering the actual ground cover distribution on model predicted sediment yield. 
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Total Ground Surfacc Cover By: Total Total Total 
Ground Bare Canopy 

Site Year Plot Litter Rock Crypt. Basal Cover Soil Cover 

A1 1987 33 16.5 62.0 0.0 2.4 81.0 19.0 31.8 

36 20.8 61.2 0.0 2.2 84.3 15.7 32.7 

A2 1987 52 16.7 3.5 0.0 15.7 35.9 64.1 19.4 

54 17.6 3.3 0.0 21.8 42,7 57.3 17.3 

CI 1987 67 20.6 27.8 6.1 16.5 71.0 29.0 25.7 

70 42.4 3.3 3.9 16.3 65.9 34.1 53.1 

D1 1987 71 65.5 0.0 0.0 17.1 82,7 17.3 50.6 

76 79.4 0.4 0.0 17.8 97.6 2.4 54.7 

D1 1988 71 71.4 0.0 0.0 27.1 98.6 1.4 39.0 

76 77.1 0.0 0.0 22.4 99.5 0.5 39.5 

D2 1987 77 38.6 0.0 4.7 15,7 59.2 40.8 20.6 

80 33.7 0.0 1.6 18.3 53.7 46.3 23.1 

D2 1988 77 57.6 0.5 4.8 14.3 77.1 22.9 9.0 

80 65.7 0.0 3.8 21.0 90.5 9.5 5.2 

E2 1987 91 35.3 0.4 2.0 6.9 44.7 55.3 42.7 

94 35.5 0.0 5.3 7.1 48.0 52.0 33.1 

E2 1988 91 41.9 0.5 2.4 24.8 69.5 30.5 52.4 

94 50.0 0.0 15.2 21.4 86.7 13.3 51.9 

E5 1988 156 51.0 0.5 8.6 16.7 76.7 23.3 38.1 

158 47.6 0.0 2.9 14,8 65.2 34.8 39.5 

Ft 1987 103 30.2 0.0 29.0 19.6 78.8 21.2 11.6 

106 25.5 0.6 44.3 13.1 83.7 16.3 12.4 

Gl 1987 107 31.4 0.0 0.0 11.0 42.4 57.6 11.2 

112 28.6 0.0 1.2 12.0 41.8 58.2 10.0 
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Total Ground Surfacc Cover By: Total Total Total 
Ground Bare Canopy 

Site Year Plot Litter Rock Crypt. Basal Cover Soil Cover 

Ml 1988 113 42.4 0.5 0.0 20.5 63.3 36.7 46.7 

118 51.0 1.4 3.3 17.6 73.3 26.7 45.2 

H2 1987 119 49.8 2.4 2.0 27.8 82.0 18.0 20.0 

122 51.0 1.6 0.8 21.6 75.1 24.9 19.2 

H2 1988 119 33.8 2,4 4.8 43.8 84.8 15.2 54.3 

122 34.8 0.5 1.9 42.9 80.0 20.0 42.9 

II 1987 128 19.2 0.6 38.0 15.9 73.7 26.3 17.6 

129 23.7 0.4 29.4 17.1 69.6 30.4 15.1 

J1 1987 132 22.9 0.0 19.6 20.8 63.3 36.7 12.7 

133 22.0 0.0 14.3 23.7 60.0 40.0 12.7 

K1 1987 137 64.1 9.0 0.0 12.2 85.3 14.7 29.4 

140 53.5 16.3 0.0 13.5 83.3 16,7 24.5 

K1 1988 137 57.7 14.5 0.0 11.4 83.6 16,4 31.8 

140 55.9 17.7 0.0 10.0 83.6 16.4 28.6 

K2 1987 141 49.4 21.6 0.0 9.0 80.0 20.0 11.4 

142 55.5 20.4 0.0 4.9 80.8 19.2 14.3 

143 61.8 20.9 0.0 0.0 82.7 17.3 0.0 

144 51.8 23.6 0.0 0.0 75,5 24.5 0.0 

K2 1988 143 33.6 30.9 0,0 5.5 70.0 30.0 13.6 

144 28.2 27.7 0.0 4.1 60.0 40.0 16.4 
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APPENDIX B 

SPATIAL COVER DATA (%) FROM 1987 AND 1988 
WEPP RANGELAND FIELD EXPERIMENTS 



Site Year Plot 

Total Intcrrill Cover By: Total Rill Cover By: 

Site Year Plot Litter Rock Crypts Basal Soil Litter Rock Crypts Basal Soil 

A1 1987 33 9.2 13.3 0.0 0.0 9.4 7.3 48.7 0.0 2.4 9.6 

36 12.7 13.1 0.0 0.0 6.9 8.1 48.1 0.0 2.2 8.8 

A2 1987 52 5.7 0.0 0.0 0.8 12.9 11.0 3.5 0.0 14.9 51.2 

54 4.5 0.2 0.0 2.0 10.6 13.1 3.1 0.0 19.8 46.7 

CI 1987 67 8.8 5.1 1.0 0.2 10.6 11.8 22.7 5.1 16.3 18.4 

70 26.1 1.4 2.7 0.8 22.0 16.3 1.9 1.2 15.5 14.3 

D! 1987 71 40.6 0.0 0.0 0.8 9.2 24.9 0.0 0.0 16.3 9.2 

76 53.1 0.0 0.0 0.4 1.2 26.3 0.4 0.0 17.4 2.0 

DI 1988 71 20.5 0.0 0.0 18.6 0.0 50.9 0.0 0.0 8.5 1.4 

76 21.0 0.0 0.0 18.6 0.0 56.1 0.0 0.0 3.8 0.5 

D2 1987 77 7.8 0.0 0.4 0.0 12.4 30.8 0.0 4.3 15.7 29.2 

80 8.6 0.0 0.2 0.0 14.3 25.1 0.0 1.4 18.3 33.1 

D2 1988 77 4.8 0.0 0.5 1.4 2.4 52.8 0.5 4.3 12.9 20.5 

80 4.3 0.0 0.5 0.5 0.0 61.4 0.0 -> i 3.3 20.5 9.5 

E2 1987 91 22.2 0.2 0.0 0.6 19.6 13.1 0.2 2.0 6.3 35.7 

94 16.5 0.0 0.4 0.6 15.5 19.0 0.0 4.9 6.5 36.5 



Site Year Plot 

Total Interrill Cover By: Total Rill Cover By: 

Site Year Plot Litter Rock Crypts Basal Soil Litter Rock Crypts Basal Soil 

E2 19S8 91 23.3 0.0 1.9 20.5 6.7 18.6 0.5 0.5 4.3 23.8 

94 23.3 0.0 5.2 19.0 4.3 26.7 0.0 10.0 2.4 9.0 

E5 1988 156 20.5 0.0 1.9 10.0 5.7 30.5 0.5 6.7 6.7 17.6 

158 19.5 0.0 1.0 12.4 6.7 28.1 0.0 1.9 2.4 28.1 

F1 1987 103 5.1 0.0 3.7 0.6 2.2 25.1 0.0 25.3 19.0 19.0 

106 4.5 0.2 5.5 0.6 1.6 21.0 0.4 38.8 12.5 14.7 

GI 1987 107 8.8 0.0 0.0 0.0 2.4 2.6 0.0 0.0 11.0 55.9 

112 5.9 0.0 0.0 0.4 3.7 22.7 0.0 1.2 11.6 55.7 

HI 1988 113 15.2 0.0 0.0 19.0 12.4 27,2 0.5 0.0 1.5 24.3 

118 21.0 0.0 2.9 12,4 9.0 30.0 1.4 0.4 5.2 17.6 

H2 1987 119 14.7 1.2 0.0 0.8 J.J 35.1 1.2 2.0 27.0 14.7 

122 13.9 0.4 0.0 0.4 4.5 37.1 1.2 0.8 21.2 20.4 

1988 119 13.8 0.0 1.9 34.3 4.3 20.0 2.4 2.9 9.5 11.0 

122 7.6 0.0 0.5 32.9 1.9 27.2 0.5 1.4 10.0 18.1 

11 1987 128 7.1 0.0 6.5 0.8 3.1 12.1 0.6 31.5 15.1 23.3 

129 7.3 0.0 3.7 0.6 3.5 16.4 0.4 25.7 16.5 27.1 



Total Interrill Cover By: Total Rill Cover By: 

Site Year Plot Litter Rock Crypts Basal Soil Litter Rock Crypts Basal Soil 

J1 1987 132 3.7 0.0 5.3 0.0 3.7 19.2 0.0 14.3 20.8 33.1 

133 4.1 0.0 4.1 0.8 3.7 17.9 0.0 10.2 22.9 36.3 

K1 1987 137 24.9 1.2 0.0 2.0 1.2 39.2 7.8 0.0 10.2 13.5 

140 17.6 1.2 0.0 2.4 J.J 35.9 15.1 0.0 11.1 13.5 

1988 137 21.8 0.0 0.0 6.8 3.2 35.9 14.5 0.0 4.6 13.2 

140 18.6 0.0 0.0 6.4 3.6 37.3 17.7 0.0 3.6 12.7 

K2 1987 141 6.5 2.4 0.0 0.8 1.6 42.9 19.2 0.0 8.2 19.6 

142 9.8 2.4 0.0 0.4 1.6 45.7 18.0 0.0 4.5 17.6 

143 0.0 0.0 0.0 0.0 0.0 61.8 20.9 0.0 0.0 17.3 

144 0.0 0.0 0.0 0.0 0.0 51.8 23.6 0.0 0.0 24.5 

1988 143 6.4 0.0 0.0 4.1 3.2 27.2 30.9 0.0 1.4 26.8 

144 4.1 0.0 0.0 6.8 5.5 24.1 27.7 0.0 2.7 34.5 

U) 
ro 
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APPENDIX C 

NORMALIZED RESULTS FROM CONFIGURATION 6 



Observed Predicted Observed Predicted 

Site Year Plot 
Observed 

Runoff 
Predicted 

Runoff 
Peak 

Discharge 
Peak 

Discharge 
Sediment 

Yield 
Sediment 

Yield 

Al 87 33 0.07 0.07 0.30 0.38 0.27 0.73 

36 0.08 0.08 0.21 0.44 0.42 0.84 

A2 87 52 0.44 0.44 1.34 1.23 2.48 5.60 

54 0.70 0.70 2.16 1.93 4.08 6.80 

CI 87 67 0.67 0.63 2.12 1.90 0.00 13.35 

70 0.28 0.23 1.18 1.16 0.36 2.90 

Dl 87 71 0.57 0.60 1.82 1.49 2.06 2.15 

76 0.49 0.54 1.80 1.63 0.01 0.80 

Dl 88 71 0.24 0.28 1.17 1.16 2.33 1.21 

76 0.03 0.08 0.16 0.24 0.16 0.31 

D2 87 77 0.48 0.49 1.79 1.76 0.67 6.01 

80 0.47 0.47 1.78 1.75 0.50 6.00 

D2 88 77 0.27 0.28 1.10 1.14 1.38 2.22 

80 0.27 0.29 1.14 1.28 0.60 1.33 

U> 
4^ 



Site Year Plot 
Observed 

Runoff 
Predicted 

Runoff 

Observed 
Peak 

Discharge 

Predicted 
Peak 

Discharge 

Observed 
Sediment 

Yield 

Predicted 
Sediment 

Yield 

E2 87 91 0.01 0.00 0.04 0.00 0.00 0.00 

94 0.14 0.13 0.78 0.79 0.25 2.58 

E2 88 91 0.02 0.00 0.15 0.00 0.29 0.00 

94 0.07 0.06 0.56 0.23 0.82 0.15 

E5 88 156 0.07 0.06 0.37 0.21 2.75 0.61 

158 0.13 0.12 0.62 0.50 1.54 1.61 

F1 87 103 0.04 0.06 0.40 0.37 1.92 0.49 

106 0.01 0.06 0.15 0.35 1.03 0.36 

G1 87 107 0.06 0.06 0.19 0.38 8.26 1.66 

112 0.21 0.21 1.13 1.11 33.79 7.70 

HI 88 113 0.07 0.08 0.56 0.29 2.09 1.12 

118 0.13 0.15 0.91 0.79 2.32 1.84 

H2 87 119 0.21 0.24 J 0.95 1.18 1.73 4.23 

122 0.33 0.36 1.41 1.45 2.41 11.81 

H2 88 119 0.43 0.44 2.03 1.71 2.31 1.74 

U) 
L/l 



Site Year Plot 
Observed 

Runoff 
Predicted 

Runoff 

Observed 
Peak 

Discharge 

Predicted 
Peak 

Discharge 

Observed 
Sediment 

Yield 

Predicted 
Sediment 

Yield 

H2 88 122 0.32 0.34 1.34 1.49 1.47 2.73 

11 87 128 0.37 0.37 1.45 1.44 6.59 2.37 

129 0.39 0.34 1.29 1.37 6.54 3.11 

J1 87 132 0.20 0.17 1.08 0.92 4.48 1.71 

133 0.06 0.00 0.25 0.00 2.31 0.00 

Kl 87 137 0.02 0.00 0.07 0.00 0.47 0.00 

140 0.01 0.00 0.03 0.00 0.73 0.00 

KI 88 137 0.00 0.00 0.02 0.00 0.05 0.00 

140 0.03 0.00 0.12 0.00 0.80 0.00 

K2 87 141 0.02 0.00 0.06 0.00 1.34 0.00 

142 0.01 0.00 0.02 0.00 0.51 0.00 

143 0.04 0.00 0.13 0.00 3.94 0.00 

144 0.08 0.00 0.24 0.00 6.65 0.00 

K2 88 143 0.07 0.00 0.69 0.00 6.99 0.00 

144 0.07 0.00 0.53 0.00 4.93 0.00 

u> 
CN 
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