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Abstract

Effective hydraulic conductivity (K,) is an important parame-
ter for the prediction of infiltration and runoff volume from
storms. The Water Erosion Prediction Project (WEPP) model,
which uses a modified Green-Ampt equation, is sensitive to the
hydraulic conductivity parameter in the prediction of runoff vol-
ume and peak discharge. Two sets of algorithms developed from
cropland data to predict K, have previsouly been used in the
WEPP model. When tested with data collected on rangelands,
these equations resulted in low predictions of K, which signifi-
cantly over-estimated runcff volume. The errors in runoff pre-
diction were propagated throngh the model and resulted in poor
predictions of peak discharge and sediment yield. The objective
of this research was to develop a new predictive equation to cal-
culate K, specifically for use on rangelands using field data col-
lected in 8 western states on 15 different soilfvegetation complex-
es. A distinction was made between ground cover parameters
located outside and underneath plant canopy in an effort to
account for the significant spatial variability that occurs on most
rangelands. Optimized K, values were determined using the
WEPP model and observed runoff data. A regression model
(r*=0.60) was then developed to predict K, using measured soil,
canopy cover, and spatially distributed ground cover data from
44 plots. Independent rangeland data sets are now required to
test the new equation to determine how well the relationships
developed from the data used in this study extend to other range-
land areas.
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The Water Erosion Prediction Project (WEPP) model (Lane
and Nearing 1989) was developed to provide process-based ero-
sion prediction technology for croplands, rangelands, and forests
to organizations involved in soil and water conservation and envi-
ronmental assessment. To be successful in predicting erosion, the
model must first succeed in predicting infiltration and surface
runoff. The infiltration component of the WEPP model uses the
Green-Ampt equation (Green and Ampt 1911) as modified by
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Mein and Larson (1973) to obtain the time to ponding and infil-
tration rates for steady rainfall. This equation was further modi-
fied by Chu (1978) to simulate infiltration for unsteady rainfall
events, allowing for allemating periods of ponded and unponded
conditions.

Although this latest technology for modeling runoff and ero-
sion represents-a major improvement over older models, signifi-
cant problems still exist as a result of the techniques used to esti-
mate model parameters under rangeland conditions. This is par-
ticularly true in modeling infiltration. Estimates of hydraulic con-
ductivity change with the scale of measurement as a result of the
high spatial and temporal variability that exists in natural systems
(Dunne et al. 1991). Current methods for measuring hydraulic
properties in the field are expensive and time consuming and
therefore alternative techniques are needed to estimate model
parameters and improve model results for rangelands.

The approach used in WEPP to simplify parameterization is to
estimate hydraulic properties by relating them to soil and vegeta-
tion data that are commonly collected and readily available. The
objectives of this research are to evaluate 2 existing sets of algo-
rithms used in the WEPP model to predict effective hydraulic
conductivity (K.) and to develop an alternative method. All 3
methods are compared to optimized K, parameters determined
with the WEPP model.

Infiltration Model Description

Green-Ampt Equation
The form of the Green-Ampt equation used in WEPP to calcu-
late the infiltration rate after ponding occurs is:

f=K, (l-!-ﬁs) M
F

where f is the infiltration rate (mm hr?), K, is effective saturated
hydraulic conductivity (m sec™), N; is the effective capillary
pressure head at the wetting front (m), and F is the cumulative
infiltration depth (m). Cumulative infiltration depth is calculated

as:
Kg=F-N, (l+§) (e>t)) @
5

where t is time (sec) and t; is time to ponding (sec). Effective
capillary pressure head at the wetting front is:

Ny=(-0,) (y- h) )]
where 1. is field-saturated porosity (m* m?), 8, is initial volu-
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