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VFSMOD-W a graphical Windows system for the evaluation and design of vegetativefilter
stripsfor sediment trapping®

Abstract

Design of vegetative filter strips for trapping sediment and sediment-borne chemicals can be done on a storm-
event basis using VFSMOD. This approach requires confidence in a number of input parameters such as soil
infiltration characteristics, surface topography, vegetative composition and roughness, and incoming sediment load
and particle size dstribution. We have developed a simple program, UH, to estimate runoff hydrographs and
sediment transport from a source area based on the NRCS Unit Hydrograph Method and the Modified Universal Soil
Loss Equation (MUSLE). VFSMOD uses this information from the source area to predict the amount of sediment
trapped in the filter strip. UH and VFSMOD have been integrated into one system using a graphical user interface
program, VFSMOD-W. The integrated system allows the user to develop input data sets and perform complex
modeling analyses such as sensitivity and uncertainty analyses.
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Introduction

Model development and testing are important activities in hydrology and water quality. These represent major
undertakings that help users to develop confidence in model use and applicability. Graphical user interfaces for
many models are not available making application difficult. Models with integrated graphical user interfaces usualy
include setup and editing of input datasets along with integrated help. Some provide additional features such as
analysis of modeling results, integration features to enable multiple simulations and analyses.

In this work, we have an integrated modeling system that facilitates the modeling and design process of a
common BMP, vegetative filter strips, to control runoff and sediment outflow from upslope disturbed areas. This
paper discusses the VFSMOD-W window interface.

Modelsand User Interface Program

The vegetative filter strip, VFS, modeling system consists of a front-end graphical user interface program,
VFSMOD-W, the source area program, UH, and the vegetative filter strip model, VFSMOD. The front-end
graphical interface program was developed in 2000 to provide an integrated environment for users to evaluate
potential designs of vegetative filter strips for trapping sediment from upslope source areas. The program enables
users to develop input datasets for the source area program, UH, and for the vegetativefilter strip model, VFSMOD,
for evaluating potential vegetative filter strip designs for trapping sediment from upslope source areas.

The source area program, UH, allows the user to estimate runoff hydrographs and sediment losses from upslope
source areas for a storm event. For each storm event, arainfall hyetograph is generated as described by Haan et al.
(1994). Based on land use and topography of the source area, runoff is determined using the NRCS curve number
methods and a runoff hydrograph is generated using the NRCS unit hydrograph method (USDA NRCS, 1986).
Sediment losses are estimated using the Modified Soil Loss Equation (Wischmeier and Smith, 1978; Williams,
1975). These are output formatted for use in VFSMOD. Suwandono et al. (1999) presented detailed descriptions of
the procedures.

The vegetative filter strip model, VFSMOD, was developed and tested in North Carolina in 1993 (Mufioz
Carpena and Parsons, 1999). VFSMOD is a field scale, mechanistic, stormbased model developed to route
incoming hydrographs and sedimentographs from an adjacent field through VFS. Outputs from VFSMOD include
surface runoff from the VFS, infiltration in the VFS, and sediment trapping efficiency of the VFS. The model
handles time dependent hyetographs and runoff hydrographs, space distributed filter parameters (vegetation
roughness or density, slope, infiltration characteristics) and varying particle sizes of incoming sediment. In addition,
the model has been successfully tested under experimental conditions in Canada (Abu-Zreig, 2001). The
combination of VFSMOD and UH is intended as a powerful design tool to evaluate offsite sediment losses from a
source area — VFS combination as demonstrated by Suwandono et al. (1999) using an example from the North
Carolina Piedmont region. A design application caseis discussed by Mufioz Carpena and Parsons (2002).

Input and output filesfor UH and VFSMOD are managed using project files. Examples of the project files are
shown in Figure 1. From these the user can edit input parametersfor UH and VFSMOD. Examples of the screens for
editing input parameters are given in Figure 2.

VFSMOD-W has a number of options for managing and analyzing output data. An output file viewer is
integrated into the program (Figure 3). Graphs of the runoff and sediment balances can also be viewed within
VFSMOD-W.

In 2001, the graphical user interface, VFSMOD-W, was modified to incorporate both sensitivity and uncertainty
analysis in the VFS design system (Parsons and Mufioz-Carpena, 2001). A number of input parameters were
identified as candidates for inclusion in the graphical user interface program. These were identified based on
previous detailed sensitivity analysis with VFSMOD (Mufioz-Carpena, 1993; Mufioz-Carpena et a., 1999) and
literature suggestions for the procedures used in the UH program.

VFSMOD parameters for inclusion in the sensitivity and uncertainty analyses were selected based on the initial
model testing and sensitivity analysis (Mufioz-Carpena, 1993; Mufioz-Carpena et a., 1999). This was used to guide
selection of the candidates for inclusion. From this analysis, the input parameters selected include the saturated
hydraulic conductivity, initial soil water content in the buffer strip, the average soil particle diameter of the sediment
from the source area, and the average vegetation stem spacing.
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Figure 1. Example of screens showing project filesfor UH and VFSM OD.
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Figure 2. Examplesof screensfor editing input parameters.
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Figure 3. Examples of output processing capabilities.

The user first selects a base set of inputsfor UH and VFSMOD. These inputs provide base values for performing
the sensitivity or uncertainty analyses. In the sensitivity analysis section, the user selects the minimum and
maximum value and an increment for varying the input parameter. Next, the simulations are done and the user can
view the results. Simple statistics are computed along with graphs of the relationships. The datais stored in a dataset
compatible with other programs for further analyses.

The uncertainty analysis section enables the user to do MCS and investigate the interaction between input
parameters to assess the uncertainty of design outputs. For each parameter, VFSMOD-W includes a selection of



possible input distributions. The input distributions include the normal, lognormal, triangular and uniform along
with parameters to define the distribution. Figure 4 shows selecting the distribution and parametersin VFSMOD-W.
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Figure4. Selection of Input Parametersfor Uncertainty Analysis

Summary and Conclusons

The vegetative modeling system consists of a graphical user interface program, VFSMOD-W, along with the
programs UH and VFSMOD for evaluating the effectiveness of vegetative filter strips for trapping sediment from
upslope source areas. The UH program generates storm hyetographs, runoff hydrographs, and erosion estimates
from the source area in a format compatible as inputs for VFSMOD. VFSMOD simulates transport and fate of
sediment through a VFS. VFSMOD-W integrates the development of input data sets for UH and VFSMOD in to an
easy to use graphical interface program. Other features including the integration of sensitivity and uncertainty
analysisfor agiven design scenario make VFSMOD-W aflexible modeling system.
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