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Introduction 
Vegetated filters (buffers) are used to intercept overland runoff and reduce sediment and other 
contaminant loads to streams (Dosskey, 2001). Filters function by reducing runoff velocity and 
volume, thus enhancing sedimentation and infiltration. lnfiltration is the main mechanism for 
soluble contaminant removal, but it also plays a role in suspended particle removal. By 
decreasing the discharge and velocity of overland flow, infiltration causes a decrease in 
sediment transport capacity, and thus sedimentation is enhanced. 

Although the impact of infiltration on soluble and suspended contaminant removal has not been 
directly documented, many researchers suggest infiltration plays a significant role (Table 1). In 
developing a design algorithm for vegetative filters, Edwards et al. (1 996) suggested that 
infiltration is the only significant mechanism for removal of soluble nutrients. 

Table 1. Examples of overland flow studies with vegetated filters where infiltration was thought 
to be the significant removal mechanism 

Research Team Contaminant Thought to be Removed Mainly by 
Infiltration in Vegetated Filters 

Asmussen et al. (1977) 2-4D 

Dickey and Vanderholm (1 981) Nutrients and 

Suspended Solids 

Chaubey et al. (1 995) POcP, Organic N 

Edwards et al. (1 997) Heavy Metals 

Patty et al (1 997) Pesticides, Nitrates, Soluble Phosphorous 

lnfiltration is dependent upon many things including: rainfall intensity, soil texture and structure, 
vegetation, and soil hydraulic properties, like hydraulic conductivity and water retention. 
Macroporosity may significantly influence soil hydraulic properties and play a key role in 
vegetated filter infiltration, and thus filter functioning. Riparian areas and vegetative filters, 
having perennial vegetation and being void of annual tillage, may possess a high level of 
macroporosity. Macropores may result from natural root channels, wormholes, small burrows, 
and non-tillage management practices (Beven and Germann, 1982). Flow of water through 
macropores can result in a more rapid wetting of soil and at deeper depths, possibly resulting in 
ground andor surface water (interflow) contamination (Thomas and Phillips, 1 979). Saturated 
water flow through macropores (>0.1 cm diameter) was found to account for up to 70-80 
percent of total saturated water flow in a forested area (Watson and Luxmoore, 1986). 

Soil hydraulic properties, especially saturated hydraulic conductivity, in vegetated filters may be 
vastly different from what one might expect based on soil texture alone. Rachman et al. (2004) 
found that saturated water content and saturated hydraulic conductivity were significantly higher 
in ten year-old switchgrass hedge plots than in adjacent corn rows. It was also found that the 
grass hedge plots had a significantly higher (two times higher) number of macropores than the 
crop rows (pores 0.1 cm in diameter, found with the capillary rise equation and the soil water 
retention data). 

Computer models such as the vegetated filter strip model (VFSMOD) can be used to predict 
water and contaminant transport through vegetated filters. VFSMOD, developed by Munoz- 
Carpena and Parsons (1 999), simulates water and sediment transport in vegetated filters based 
on overland flow hydraulics and infiltration into the soil matrix. lnfiltration is characterized by a 



Abstract The vegetated filter strip model (VFSMOD) was used to investigate the effect of Green- 
Ampt infiltration parameters (found with different estimation techniques) on sediment and water 
trapping in vegetated filters of varying soil types. Field-measured and empirically-estimated 
infiltration parameters were compared. Field saturated hydraulic conductivity (Kk) values were 
calculated with an inverse Green-Ampt equation using infiltration data measured in three vegetated 
filter plots located near Mead Nebraska. Also, three pedotransfer functions (PTFs) were used to 
empirically generate average Kfs values for each plot, based on percent sand, percent clay, and bulk 
density. Pedotransfer functions underestimated Kfs (10 to 99 percent) compared to field-measured 
values. Using VFSMOD to replicate actual field scenarios, more runoff (up to 62 percent) from the 
filter was predicted with the PTF Kr, input values than with the field-measured input Kf, values. 
These results were compared to data from overland flow studies performed on these plots in July 
2004. Using the field-measured Kfs values resulted in the closest match for model water trapping 
predictions (in 2 of the 3 plots). Water trapping was more sensitive to Kt, than was sediment 
trapping, even at a higher sediment loading rate. Neither water trapping nor sediment trapping was 
sensitive to changes in wetting front suction or initial water content. One reason PTFs may 
underestimate Kf, and thus infiltration, is that they do not account for preferential flow (e.g. 
macropore flow). Vegetated filters may have a substantial number of preferential flow pathways. 
Tension infiltrometers were used on these three plots to measure infiltration rates and determine if 
macropores contributed significantly to flow in these soils. We found that 45-47 percent of the 
saturated flow was through pores larger than 0.1 cm in diameter indicating that macropores may 
significantly impact (increase) the infiltration rates and thus the field saturated hydraulic 
conductivities at our site. The inverse Green-Ampt method, being based on field measured data, 
may implicitly account for preferential flow and may better approximate field saturated hydraulic 
conductivity than PTFs. 
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modified Green-Ampt method. The infiltration of water into macropores is not directly accounted 
for but can be implied in the field saturated hydraulic conductivity parameter (the single domain 
approach). 

At a field scale, soil hydraulic properties like field saturated hydraulic conductivity usually vary 
greatly with space and time; therefore, it is often difficult to obtain accurate input parameters by 
simple and inexpensive means. Pedotransfer functions (PTFs), which may use only soil textural 
information and bulk density, are a simple and inexpensive way to estimate many hydraulic 
parameters (Leij et al., 2002). However, these functions do not account for the impact of 
macroporosity on soil hydraulic properties and they are, for the most part, built with data from 
agricultural soils (Elsenbeer, 2001). Stahr et al. (2004) found that saturated hydraulic 
conductivity in macroporous soils was under-estimated by 70-80 percent using pedotransfer 
functions. However, they found that the inverse Green-Ampt procedure could be used with field 
infiltration data to estimate hydraulic conductivity to within 30 percent of laboratory 
measurements. 

Green-Ampt parameters suggested for use in VFSMOD, such as field saturated hydraulic 
conductivity and wetting front suction, are commonly PTF estimates (Munoz-Carpena et al., 
2003). Using PTF estimated hydraulic parameters may result in an inaccurate prediction of 
water and sediment trapping in vegetated filters. 

Research Hypothesis and Objectives 

Our central hypothesis is that using infiltration parameters derived from field data rather than 
those derived from PTFs will result in a better VFSMOD prediction of water and sediment 
trapping in vegetated filters. This hypothesis was tested using the following objectives: 1) 
Compare field measured Green-Ampt infiltration parameters (mainly field saturated hydraulic 
conductivity) to PTF estimated parameters, and 2) Investigate how different methods for 
estimating infiltration equation parameters affect modeled estimates of water and sediment 
trapping in vegetated filters. 

Methods 

Obtaining infiltration Parameters from Field Measurements 

Infiltration data was collected at the University of Nebraska's Agricultural Development Center 
(ARDC) near Mead, Nebraska in August 2004. The field site consisted of 3 vegetated plots, 
which were established in 1995. Each plot was 15 m long and 3 m wide. The upstream half of 
each plot had switchgrass (Panicurn virgatum) planted and the downstream half had shrubs 
[bush honeysuckle (Lonicera maackii) and golden currant (Ribes aureum)] and trees[eastern 
cottonwood (Populus deltoides) and silver maple (Acer saccharinurn)] (Figure 1 ) . 
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Figure 1. Plot Schematic 
























