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SPATIAL CHARACTERIZATION OF RIPARIAN BUFFER EFFECTS
ON SEDIMENT LOADS FROM WATERSHED SYSTEMS

Abstract

Understanding all watershed systems and their interactions is a complex, but critical, undertaking when
developing practices designed to reduce topsoil loss and chemical/nutrient transport from agricultural fields. The
presence of riparian buffer vegetation in agricultural landscapes can modify the characteristics of overland flow
promoting sediment deposition and nutrient filtering. Watershed simulation tools, such as the USDA-Annualized
Agricultural Non-Point Source (AnnAGNPS) pollution model, typically require detailed information for each
riparian buffer zone throughout the watershed describing the location, width, vegetation type, topography, and
possible presence of concentrated flow paths through the riparian buffer zone. Research was conducted to develop
GIS-based technology designed to spatially characterize riparian buffers and estimate buffer efficiency in reducing
sediment loads in a semi-automated fashion at watershed scale. The methodology combines modeling technology at
different scales, at individual concentrated flow paths passing through the riparian zone and at watershed scales. At
the concentrated flow path scale, vegetative filter strip models can be applied to estimate the sediment trapping
efficiency for each individual flow path, which are aggregated based on the watershed subdivision and used in the
determination of the overall impact of the riparian vegetation at the watershed scale. This GIS-based technology is
combined with AnnAGNPS to demonstrate the effect of riparian vegetation on sediment loadings from sheet and rill
and ephemeral gully sources. The AnnAGNPS riparian buffer component represents an important step in
understanding and accounting for the effect of riparian vegetation, existing and/or managed, in reducing sediment

loads at the watershed scale.

Keywords. AnnAGNPS, riparian vegetation, watershed modeling, vegetative filter strips, gullies, concentrated flow
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INTRODUCTION
Targeting where to place conservation practices to reduce pollutants loads in large watershed systems involves

knowing what the problem is (type and location of non-point sediment sources) and the effectiveness of one or a
series of practices in controlling erosion or reducing sediment loads. The utilization of vegetative filter strips in
agricultural fields has long been recognized as an effective conservation practice designed to control the amount of
sediment and chemicals transported from croplands into streams, lakes, and other water bodies. This recognition is
the result of numerous studies in laboratory, research plots, and field experiments; as documented by multiple
authors in detailed literature reviews of a large number of research investigations assessing and quantifying the
efficiency of vegetative filter strips (Liu et al., 2008; Zhang et al., 2010; Yuan et al., 2009; Osborne, et al., 1993;
Wenger, 2009; Fox et al., 2013). In addition to the scientific community, conservationists and producers have also
acknowledged the importance of vegetative filter strips (Petchenik, 1999). These vegetative zones are primarily
designed to reduce flow velocity using various physical mechanisms such as ponding of overland flow at the
upstream edge, dispersing the flow, and increasing surface roughness with above-ground vegetation. The reduced
flow velocity promotes overland flow infiltration, rainfall filtration, and sediment deposition; all of which yield
reduced amounts of sediment, nutrients, and pesticides exiting the system (Dillaha et al., 1989). However, the
efficiency of vegetative filter strips is dependent on a complex interaction between the vegetative filter strip width
perpendicular to the flow, the vegetation type, local terrain slope, soil type, and surface/subsurface flow conditions
(Liu et al., 2008). Out of these parameters, buffer width, vegetation type, local topography, and surface flow
characteristics have been recognized as the main parameters controlling their effectiveness (Halley, 2002) and have
been adopted by modeling algorithms due to the availability of information for their estimation. These parameters
are used to calculate the sediment trapping efficiency (TE), which is defined by the ratio of the mass flowing into the
buffer and the mass flowing out the buffer zone (Dabney et al, 1995). Technology has been developed over the
years to estimate TE as a function of key selected parameters in the form of either empirical (Yuan et al., 2009; Liu,
et al., 2008) or physically-based models like the Riparian Ecosystem Management Model-REMM (Lowrance et al.,
1998) and the Vegetative Filter Strip Modeling System-VFSMOD (Munoz-Carpena et al., 1999). Both of these
approaches (empirical relationships and physically-based models) were designed to work on one-dimensional

profiles representing small research plots or laboratory flumes. Use of such tools is therefore limited in the
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estimation of the effects of riparian buffers on sediment delivery to streams and lakes at larger scales, e.g. watershed
scales (Liu et al., 2007; Helmers et al., 2005).

Conversely, at the watershed scales understanding the impact of buffers that work as filter strips on
improving water quality is a very difficult and complex task, as there are few technological approaches available for
watershed-wide application. The interactions between different sediment sources and multiple conservation/farming
practices require an integrated approach. For instance, the introduction of an edge-of-field vegetative buffer at a
location upstream in the watershed can significantly reduce sediment delivery locally; however, buffer
implementation could have an adverse impact on sediment production by disrupting the balance of sediment at
downstream areas of the watershed (clean water effect) resulting in the production of more sediment from channel
erosion sources in those downstream areas. Similarly, farming practices can influence surface flow regimes and
adversely promote concentration of overland flow (concentrated flow paths); changing the hydrological regime
which prevents the reduction of flow velocity and therefore change the premise that sediment is efficiently being
trapped (Pankau et al., 2012). In addition to the spatial distribution pattern of overland flows exiting the cropland
and entering the vegetative buffer system, another important consideration is the amount of energy present in each
individual flow entering a buffer (Dosskey, et al., 2002). All these inter-related characteristics can affect the
sediment trapping performance of the vegetative buffer (Baker et al., 2001).

This applies to implementing new conservation practices as well as the identification of existing riparian
vegetation that has the potential to perform as managed filter strips (Pankau et al., 2012). The latter areas are an
important part of the landscape, and although they can function similarly to managed riparian (streamside) areas,
they are often overlooked in their role of reducing sediment loads. In a watershed system, existing riparian
vegetation areas need to be evaluated for spatial connectivity and/or fragmentation because they are not designed
(Bentrup and Kellerman, 2004). Verifying spatial connectivity requires assessing how buffer features upstream
affect the efficiency of another buffer feature immediately downstream (buffer features organized in series, also
referred to as daisy chain-coupled). The fragmentation problem constitutes the variation in buffer width and/or lack
of vegetative cover of a buffer feature in a particular field and fragmentation can affect the overall sediment trapping
efficiency of the entire field (buffer features organized in parallel with gaps between them). Additionally, despite
the documented advantages of vegetative filter strips in reducing sediment and chemical delivery to water bodies,

their implementation often comes at the cost of reduced production area. The placement of such conservation



113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137
138

139

140

practices should be optimized for maximum sediment trapping efficiency with minimum production disruption
(Dosskey et al, 2008) while, at the same time, account for the integrated effect of all watershed systems including
the contribution of existing riparian vegetation and their spatial characteristics (spatial continuity and
fragmentation). Watershed conservation managers need tools to identify the most efficient and cost effective
system-wide approach for improving water quality and ecosystem services (Xiang, 1996; Fox et al., 2013).

Multiple GIS and remote sensing studies exist on riparian vegetation at the watershed scale. These studies can be
broadly classified according to their main objective into three groups: (i) identification and classification of existing
riparian vegetation/zones using remote sensing and GIS analysis (Volkman, 2005; Goetz, 2006; Goetz et al., 2003;
Abood et al.; 2012; llhardt, et al. 2000), (ii) optimized placement of managed riparian vegetation (Tomer et al.,
2003), and (iii) integration of watershed-scale models with plot-scale riparian buffer models (Liu et al., 2008). The
present study best aligns with the third group, by describing technology critical to assessing riparian buffer
effectiveness for any location within a watershed system.

The main objective of this study is to develop GIS-based technology designed to spatially characterize
parameters of riparian buffer zones necessary to estimate the efficiency of buffers in reducing sediment loads in a
semi-automated approach at a watershed scale. This methodology was developed to link modeling technologies at
two different scales, (i) buffer models applied to individual concentrated flow paths passing through the riparian
vegetation zone with (ii) watershed models utilized to simulate sediment loads at individual fields and streams
throughout the watershed. This integrated multi-scale GIS approach produces critical information necessary for
riparian buffer models to assess the impact of riparian buffers on reducing sediment loads using a pseudo two-
dimensional representation of individual concentrated flow paths. The resulting individual efficiency estimates of
sets of concentrated flow paths are used to determine the overall impact of the riparian vegetation of buffers
throughout the entire watershed using watershed-based simulation tools. These two procedures are described using

watershed basic representation units and illustrated with a study case.

BACKGROUND

ANNUALIZED AGRICULTURAL NON-POINT SOURCE (ANNAGNPS) POLLUTION MODEL
The Agriculture Research Service (ARS) and the Natural Resource Conservation Service (NRCS), both branches of

the U.S. Department of Agriculture, jointly developed the AGricultural Non-Point Source (AGNPS) pollution

modeling system (AGNPS, Bingner and Theurer, 2001a). This technology was developed as a set of integrated tools



141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

to evaluate the effect of conservation practices on nonpoint source pollutant loadings in agricultural watersheds and
provide the necessary tools for improved watershed management decisions. A continuous-simulation, watershed-
scale, mixed-land use, surface-runoff, revised version of the single event AGNPS (Young et al., 1989), referred to as
the Annualized AGricultural Non-Point Source pollution model (AnnAGNPS, Bingner and Theurer, 2001b), was
developed as the critical component of the updated AGNPS modeling system. AnnAGNPS is used to evaluate the
long-term effect of agricultural farming and conservation practices on nonpoint source pollutants, assist with
selection and spatial location of best management practices (BMPs), and evaluate the integrated effect of different
farming and conservation practices. AnnAGNPS predicts the origin and movement of water, sediment, and
chemicals at any location in the watershed. The model was developed with multiple components acting in concert,
designed to account for different sediment source areas and sinks, and considers the impacts of conservation
practices. Tracking pollutants back to their source is one of the key features the model provides to following how
and where practices affect pollutant loadings from where they originate. The model is capable of distinguishing
between erosion processes (i.e. sheet and rill, tillage-induced ephemeral gullies, classical and edge-of-field gullies
processes) and streambed and bank sources. The model has been validated in many studies and widely applied for
evaluating the impact of agricultural management practices/conservation practices on nonpoint source pollution
across the world (Yuan et al., 2001; 2003; 2005; Baginska et al., 2003; Suttles et al., 2003; Licciardello et al., 2007;
Shamshad et al., 2008).

In the AnnAGNPS methodology, the watershed is subdivided and characterized into basic elements of one of the
two types, sub-catchment areas and channel-type concentrated flow paths; referred to as AnnAGNPS cells and
ANnAGNPS reaches respectively (Figure 1A). This sub-division is often based on user-defined parameters such as
the critical cell area and/or the minimum reach length, and/or combination of both values. For each of these basic
elements, describing existing and antecedent conditions using a wide range of physical and environmental
parameters is critical, including those conditions describing soil parameters, topographic characteristics,
management practices, climate parameters, and many others. Recently, AnnAGNPS was enhanced with a riparian
buffer component to quantify the contribution of existing and managed riparian vegetation in reducing transport of
sediments, and consequently chemicals/nutrients, from croplands into downstream water bodies. The riparian buffer
component requires the identification and detailed characterization of vegetative zones on a watershed scale for each

ANnAGNPS cell and AnnAGNPS reach (Figure 1B). Consequently, the methodology introduced herein describes
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riparian zones and procedures used to estimate sediment-trapping efficiency for each individual AnnAGNPS cell

and AnnAGNPS reach.

MATERIAL AND METHODS
Development of Riparian BufferUstilization of GIS capabilities to characterize riparian buffers

The scale gap between buffer models and watershed models is addressed by utilizing AnnAGNPS buffer
(AGBUF) GIS technology designed to generate sediment trapping efficiency values for each individual AnnAGNPS
cell and AnnAGNPS reach in the watershed influenced by riparian buffer zones (a GIS layer describing the
geographical extent of the riparian vegetation). The proposed methodology is subdivided into two distinct methods:
one for AnnAGNPS cells and another for AnnAGNPS reaches (see dashed line boxes in Figure 2).

Three GIS inputs are required for both methods: riparian zone spatial extent, land use land cover (layer with
vegetation type information), and Digital Elevation Model (DEM). The DEM is initially processed using the
TOPAGNPS computer program, a sub-set of the topographic parameterization (TOPAZ) computer program
(Garbrecht and Martz, 1996, 1997). The computer program TOPAGNPS removes small imperfections in the DEM
data, such as filling small sinks and removal of outliers, and computes multiple topographic attributes based on user
provided parameters. The topographic attributes used by the AnnAGNPS riparian buffer component are flow vector,
flow accumulation, terrain local slope, sub-catchments, and stream network (Figure 2). Drainage area is calculated
by using the flow accumulation and the raster grid cell size.

Trapping Efficiency Technology for Edge-of-Field (AnnAGNPS Cells) Riparian Buffers

To aid in the description of the GIS methods, a single AnnAGNPS cell was developed for illustration purposes
(Figure 3). For AnnAGNPS cell estimations of the riparian buffer impacts on sediment loads, two criteria were
considered, concentrated flows that originate upstream of the riparian buffer zone and therefore passing through the
riparian zone and concentrated flow paths that originate within the riparian zone. These concentrated flow paths
represent the portion of the AnnAGNPS cell’s overall flow affected by the riparian zone. Each concentrated flow
path is used to estimate a local trapping efficiency (LTE) value through the utilization of buffer models (empirical or
physically-based). The set of LTE values are aggregated into a single TE value devised to quantify the influence of
the riparian buffer on sediment loads from the AnnAGNPS cell. The identification of concentrated flow profiles
meeting the first criteria (flows originating upstream) begins with the identification of two key raster grid cells, the

“upstream edge” and “downstream edge” raster grid cells. Upstream edge grid cells are defined as raster grid cells
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located within the riparian zone that receives flow (defined as stated in box 1 in Figure 2 and identified as circles in
Figure 3). Downstream edge grid cells are defined as raster grid cells located within the riparian zone with flow
exiting the riparian zone (defined as stated in box 2 in Figure 2 and identified as squares in Figure 3). The
concentrated flow paths between the upstream and downstream grid cells are sought to represent one-dimensional
profiles and their physical characteristics are used to calculate local sediment trapping efficiencies for each flow
path (see inset in Figure 3). Sediment-trapping efficiency values are estimated using either empirical or physically-
based riparian buffer models. Herein, empirical relationships are used for simplicity; however, the proposed GIS
framework could be adopted without major changes to work with physically-based models. For each of the profiles,
the contributing drainage area at the upstream edge and at the downstream edge grid cells, flow path length, profile
average slope, and dominating vegetation cover type are determined (defined as stated in box 3 in Figure 2). Profiles
are referred to by identifiers composed of the AnnAGNPS cell identification plus a unique numerical identifier.

A single representative sediment trapping efficiency value for each AnnAGNPS cell is calculated by aggregating
local sediment trapping efficiency value from all concentrated flow-paths; originating in and upstream of the
riparian zone. For the concentrated flow paths passing through the riparian zone, individual local sediment trapping
efficiencies are calculated using the equations 2, 3, and 4 (defined as stated in box 4 in Figure2) as derived from

Yuan et al. (2009).

TEigea: = 06261 » (L1 )"' war ; vegetation = grass-type AND buffer slope = 0.05 m/m [2]
TEigo = 06747 » {E”’}}I&W} ; vegetation = grass-type AND buffer slope = 0.05 m/m [3]
TEigcar = 08957 = EE“"J’ pazer ; vegetation = bushes and forest [4]

In these equations, WY is the effective buffer width, which is estimated by the concentrated flow path length. In
the case of grass-type vegetation, the average slope of the concentrated flow path is used to determine which
trapping efficiency model is employed.

Any flow originating within the riparian zone is defined as having a local sediment trapping efficiency (LTE) of
one, since the assumption is that sediment is not detached and transported from within the riparian buffer zone. In
the AnnAGNPS cell described, eleven concentrated flow paths originating within the riparian buffer zone are
identified (diamonds in Figure 4A) and associated with points of concentrated flow 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 16

(Figure 3).
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Although the profiles representing the concentrated flow paths originated within the riparian zone are assumed to
have a LTE of 1, they represent only a small fraction of the total flow generated by the AnnAGNPS cell. The effect
of these concentrated flow paths needs to be reflected in the overall AnnAGNPS cell overall trapping efficiency.
Therefore, the contributions of all individual flow paths originating within the riparian buffer zone are scaled using
the drainage areas of the most downstream raster grid cell each flow path and the total AnnAGNPS cell drainage
area (box 4 Figure 2). Downstream edge grid cells with flow originating within the buffer zone are identified

(diamonds in Figure 4) and their contribution to the overall AnnAGNPS TE is determined using:

R (LTE; * DAg,
TEC, = zi (T)

[5]
where ETE s the local trapping efficiency for concentrated flow into downstream edge raster grid cell i and

Dag, ¢ is the drainage area for the downstream edge raster grid cell i and DAzerr is total drainage area of the
ANNAGNPS cell. Calculations of the contribution of these LTE values to the overall AnnAGNPS cell TE for the
example AnnAGNPS cell for the six different scenarios, three spatial coverage extents (Figure 4A-C), and two
vegetation types are listed in Table 1.

Similar calculations are performed for concentrated flow passing through the riparian zone. However, because
some of the downstream edge raster grids receive flow from more than one concentrated flow path, individual local
sediment trapping efficiency values need to be combined using a weighted average procedure based on drainage
area values of the upstream edge raster grids (circles in Figure 4). This calculation is exemplified for the left-most
downstream edge raster grid (left-most square in Figure 4C); which receives flow from three concentrated flow
paths (Table 2). This method allows for the calculation of a single local trapping efficiency value for each
downstream edge raster grid associated with points of concentrated flow 1, 2, 8, 14, 15, 17, 18 (Figure 3). Similarly
to the flow originated inside the buffer zone, these values are then expressed in terms of their contribution to the

overall AnnAGNPS cell TE using the equation:

Z dﬂi'—f; i pﬁ;’;.
TEC, = -

o Uoen [6]

where ALTE s the adjusted local trapping efficiency for concentrated flow into downstream edge raster grid cell i

and D‘*“: is the drainage area for the downstream edge raster grid cell i and DAz is total drainage area of the
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ANnAGNPS cell. Calculations of the contribution of LTE values estimated for each concentrated flow path passing
through the riparian zone to the overall AnnAGNPS cell TE trapping efficiency for the AnnAGNPS example cell for
six different scenarios are listed in Table 3. The overall sediment trapping efficiency of the AnnAGNPS cell is then
the summation of the contribution from the flows within and through the AnnAGNPS cell as illustrated in Table 4.
Concentrated Flow that the Riparian Vegetative Buffer Does Not Effect (Short-Circuit)
Among the designed properties of vegetative buffers is the ability to disperse and reduce the velocity of the surface
flow through the buffer. However, in natural occurring riparian vegetation, above-ground vegetation might not slow
flow velocities as result of large stream flows (flow energy). This excess in energy can be the result of high
precipitation, steep slopes, topography-induced flow concentration (convex surfaces), and, most commonly,
generated by large drainage areas. An example of such phenomena is the presence of tillage-induced ephemeral
gullies (Figure 5). To account for concentrated flows “short-circuiting” the riparian buffer, an alternative based on
the upstream drainage area was introduced. The user has the option to provide a drainage area threshold value,
which is compared to the drainage area of the upstream raster grid cell of each flow profile. If the drainage area of a
flow profile is greater than the threshold value provided, the local trapping efficiency is set to zero and the
calculations proceed as described in the previous section. The AGBUF technology has been integrated with the
AGNPS Potential Ephemeral Gully (PEG) technology (Momm et al., 2012) providing an integrated approach to
assessing conservation practices impacting tillage and ephemeral gully erosion with the capability of buffers to
remove sediment as simulated with AnnAGNPS.
Trapping Efficiency Technology for In-Stream (AnnAGNPS Reaches) Riparian Buffers

Sediment transported to locations represented as AnnAGNPS reaches can also be affected by the presence of
vegetative buffers (Figure 6). AnnAGNPS reaches are internally defined as one-dimensional features and the
following assumption was considered in the evaluation of their effect on sediment trapping efficiency. The riparian
zone has to extend in width perpendicular to the flow direction of least half of the raster grid cell size on both sides
of the ANnAGNPS reach. Alternatively, the user has the option of providing a minimum width value greater than
one half of the raster grid cell size.

A simplified schematic is used to describe the AnnAGNPS reach methodology (Figure 6). The initial step is the

identification of “valid” raster grid cells along the reach. These valid raster grid cells must meet the width
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requirements previously described and be located within a riparian zone (box 6 in Figure 2). The same nomenclature
of downstream and upstream edge raster grid cells used in AnnAGNPS cells calculations are adopted herein.

The procedure starts by identifying and marking upstream and downstream edge raster grid cells (box 7 in Figure
2). The AnnAGNPS reach is evaluated from upstream to downstream. Raster grid cells located in the riparian buffer
and receiving flow from upstream raster grid cells outside of the riparian buffer (edge cells) are temporarily
identified. Next, the conditions of having a left and right raster grid cells (perpendicular to the flow direction) based
on the provided minimum width are then determined. If these conditions are not met, then this cell is not designated
an upstream edge grid cell and the next downstream raster grid cell is then temporarily identified as an upstream
edge grid cell. This procedure is repeated until all conditions are met. Similar procedures are applied for the
characterization of downstream edge raster grid cells. Although, if the conditions are not met, the next upstream cell
is temporarily identified (Figure 6B) and the procedure recursively repeated.

For example, in Figure 6B the most northern dashed line represents the case where the reach raster grid cell is
within the buffer zone and receiving flow from raster grid cells outside of the buffer zone. However, this particular
raster grid cell was not considered in the buffer zone as a result of containing only one neighbor raster grid cell
(perpendicular to the flow direction). Conversely, the subsequent raster grid cell is then identified as downstream
edge cell. The same evaluation procedure is performed for the identification of the downstream edge raster grid cells
(most southern dashed line in Figure 6B).

If a reach raster grid cell is located within the buffer zone and is receiving flow from upstream while flowing
outside the buffer zone, the grid cell is classified as both an upstream and downstream edge cell (hexagonal in
Figure 6C).

Differently from the AnnAGNPS cell-based approach previously described, in the AnnAGNPS reach-based
approach the user-provided drainage area threshold is not used. Information on peak discharge and channel
geometry parameters are utilized internally by the AnnAGNPS model to determine the reduction of the vegetative
buffer efficiency when high-energy flows are present, also referred to as short circuits. In addition, while in the
ANnAGNPS cell-based approach the AGNPS riparian buffer component reports one value of trapping efficiency,
buffer width, and slope for each AnnAGNPS cell, the AnnAGNPS reach-based approach of AGBUF reports these
parameters for each riparian buffer that the AnnAGNPS reach passes through. In other words, for the case of

multiple buffer zones along an AnnAGNPS reach, individual parameters for each buffer zone are reported. The
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justification for this approach is that buffer zones located in AnnAGNPS reaches are in series and therefore the
outcome of one influences the performance of another located downstream. The AnnAGNPS model also performs

these interactions between multiple buffer zones located within the same AnnAGNPS reach internally.

EXAMPLE OF WATERSHED APPLICATION

WATERSHED DESCRIPTION
The Goodwin Creek Experimental Watershed (GCW) is located near Batesville, Mississippi (Figure 7A), in the

Bluff Hills physiographic subprovince just east of the Mississippi River Alluvial Valley and is characterized by
steep slopes and highly erodible soils. The USDA-ARS National Sedimentation Laboratory (NSL) has been
monitoring the hydrology and sediment transport of the GCW since 1981. The GCW stream flow infrastructure
consists of supercritical flow stream gauge stations, with 14 stations located throughout the 21.3 km? area
representing the whole of Goodwin Creek (Figure 7B). The GCW is a mixed land use watershed that contains row
crop agriculture, pasture, and forest (Kuhnle et al, 2008). Agriculture production has declined over the years and
crops have been replaced by forest and pasture. The watershed precipitation is dominated by high rainfall producing
winter and spring frontal storms, with widely scattered and variable thunderstorms during the summer, all
significantly influenced by Gulf of Mexico fronts. Annual precipitation averaged approximately 1340 mm/yr
between 1981--2010. Average daily high air temperatures range from 10° C to greater than 30° C with average
daily low temperatures from 0° C to 20° C in the winter and summer months, respectively.

Assessment of Riparian Buffer Effects Using AnnAGNPS Simulations

The effect of different riparian vegetation properties, characterized by AGBUF, on sediment load reduction was
evaluated using multiple AnnAGNPS simulations. The watershed simulated was a subset of the Goodwin Creek
Watershed with the outlet defined downstream of stream gage 14 (Figure 7C). This subwatershed was subdivided
into 213 AnnAGNPS cells and 86 AnnAGNPS reaches, but to illustrate the buffer technology and for better
description of the analysis and subsequent interpretation of the results, only three AnnAGNPS cells (141,142, and
143) and one AnnAGNPS reach (14) are depicted (Figure 7D) herein and in the subsequent sections.

A digital elevation model (DEM) with spatial resolution of 1-m generated from an airborne LiDAR survey was
used to describe the topography and generate the necessary topographic parameters. This DEM was pre-processed
through an iterative procedure to remove man-made features not represented by the raw DEM, such as individual

property culverts and small bridges. The pre-processed DEM was analyzed using the TOPAGNPS computer
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program to generate the needed input files in raster grid file format for the AnnAGNPS buffer component:
watershed subdivision, flow vectors, stream network, flow accumulation, and terrain local slope (Figure 2).

ANnAGNPS simulations of the sub-watershed from gauging station 14 (Figure 7C) were developed (930,000
Mg.year™) and compared to observed average annual streamflow (940,000 Mg.year™) from 1982 to 1995. The main
sources of sediment for this watershed were comprised of sheet and rill erosion, ephemeral gully erosion, and stream
bank erosion. Total sediment load simulated by AnnAGNPS was 2700 Mg/year, in comparison to observed total
sediment load of 1860 Mg.year™.

Visual inspection of aerial photographs acquired in 1979, 1985, and 1996 was performed to identify and map
existing riparian vegetation and ephemeral gully locations (Figure 7D). The existing riparian vegetation zone
(primarily forest vegetation) affecting the three ANnAGNPS cells reported has a varying buffer width and directly
affects the sediment loads from AnnAGNPS reach 14 and AnnAGNPS cells 142 and 143 (Figure 8). Two potential
ephemeral gully initiation points (most downstream point for gully channel initiation) were identified based on
evaluation of aerial photographs and the compound topographic index (CTI) analysis using the AnnAGNPS
potential ephemeral gully component (Momm et al., 2012). These ephemeral gully initiation points are marked as
red squares in Figure 8.

The inclusion of ephemeral gullies as sources of sediment in the simulations were sought to demonstrate the
integrated capabilities between AGNPS components, as the transport and delivery of ephemeral gully sediment
loads to downstream locations are influenced by the presence of riparian vegetation in the flow path of the gully.
Whether the gully initiation point is located within the riparian vegetation zone or is located upstream of the riparian
vegetation zone greatly impacts how the ephemeral gully is going to evolve and regenerate sediment for transport to
streams and lakes.

Effects of Vegetation Cover Type on Sediment Loads

Five AnnAGNPS simulations were performed by varying the vegetation cover type. In addition to the existing
riparian vegetation identified during the aerial photograph inspection, a second riparian zone was included (light
green in Figure 8). This riparian zone is referred to as “managed” and is designed to represent the implementation of
vegetation riparian buffers as an effective conservation practice. The five vegetation cover types considered include,
(i) no existing or managed riparian vegetation zones, (ii) existing forest, (iii) existing managed, (iv) existing forest

and managed grass, and (V) existing and managed forest (Figure 8).
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Effects of the Riparian Zone Spatial Extent on Sediment Loads

Varying the extent of the managed riparian zone allowed for the assessment of the effects of the riparian zone
spatial extent on sediment loads. The vegetation types selected were forest and grass for the existing and managed
riparian zones, respectively. The managed riparian zone width values considered were 5, 10, 20, and 40 meters
(Figure 9). The integrated effect of sediment loads generated by ephemeral gullies with the varying riparian zone
extent was accounted for in all four AnnAGNPS simulations.

Effects of Concentrated Flow Through Riparian Zone on Sediment Loads

A third investigation focused on the presence of concentrated flow paths with high stream powers that would
significantly reduce the capability of the riparian buffer to retain sediment generated upstream. The vegetation type
used was forest for the existing riparian zone and grass for the managed riparian zone (Figure 8). The drainage area
threshold values considered were 50, 250, 1,000, 2,000, and 5,000 m?. Threshold values were compared to the
drainage area of individual raster grid cells marked as upstream edge cells (edge raster grid cells receiving flow from
upstream). Highlighting the drainage area of upstream edge cells is important and is determined by accumulating all
drainage areas of the raster grid cells outside of the riparian zone that flow into the selected raster grid cell (Figure
10). If an upstream edge raster grid cell has a drainage area greater than the threshold drainage area selected then
that flow path through the riparian zone is simulated as a “short-circuit” with no trapping efficiency designated (red

circles in Figure 10).

RESULTS AND DISCUSSION
Effects of Vegetation Cover Type on Sediment Loads

The change in management from production to idle fields starting in 1992 affected sediment load estimations by
the AnnAGNPS model, and this change is noted in the reduction in sediment levels from previous months (Figure
11). Each vegetation cover scenario affects sediment loads from individual sources differently. Inspection of
sediment loads produced by sheet and rill erosion indicates a significant increase in sediment retention when
considering only existing vegetation as vegetative buffer strips (Figure 12A). The AnnAGNPS simulation that
considered only the existing buffer (forest and grass vegetation types) estimated sediment loads to be approximately

43% of the sediment loads when no riparian zone was considered. With the addition of a managed riparian zone,
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ANnAGNPS results indicated an 87% sediment load reduction with a small reduction in productive area could be
achieved. This is an obvious impact from the buffer width as predicted by the buffer models utilized at each
concentrated flow path. Additionally, small differences were reported between the two predominant vegetation
types considered, grass and forest (Table 5).

The simulated effect of the different land cover types was more pronounced when comparing sediment load
amounts from ephemeral gully sources (Figure 12B). In the study site, two gully initiation points were considered
(Figure 8). With the scenario of no riparian zone, both gully initiation points (also referred to as gully headcut
locations) significantly eroded since the riparian buffer vegetation was not present at their initiation point to prevent
the growth of the gully. The simulation results indicate that the existing downstream riparian vegetation trapped
87% of sediments produced by ephemeral gullies. In the two scenarios that considered existing and managed
riparian zones, one of the gully headcuts was spatially located within the riparian zone, and therefore the gully
components within the AnnAGNPS model would not be used to predict any gully evolution in terms of headcut
migration, incision, and sidewall expansion. The second (upstream) gully headcut was estimated to have no effect
on sediment production because this flow path was estimated to have a local trapping efficiency of 100%. However,
the AnnAGNPS model still reported sediment loads from ephemeral gully erosion (Figure 12B), as particles sizes
are influenced differently by the vegetative filter strip. The sediment loads reported when both existing and managed
gullies were present represent particles of clay size, which are assumed to be in suspension and therefore not trapped
by the riparian buffer (Figure 12C).

Effects of the Riparian Zone Spatial Extent on Sediment Loads

Similar to the vegetation type investigation, there were differences in the sediment load estimated from each
sediment source considered (Figure 13). For sheet and rill erosion estimates, increasing riparian width up to 20
meters reduced sediment loads, as the simulated scenario with 40 meters yielded similar results to the 20 meters
wide riparian zone (Figure 13A and Table 6). Comparable estimations between the 20 and the 40 meters scenarios
agree with experimental plot results in which the first upstream meters are the most effective portion of the riparian
filter strip (Yuan et al. 2009; Zhang et al., 2010). This was also reflected in the empirical relationships considered
(buffer models), as they were expressed using power functions, which tend to produce a constant effect beyond

certain width values.
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Sediment load estimates from ephemeral gullies were the same for riparian zones of 10, 20, and 40 meters, where
the 5 meter riparian zone width produced minimal sediment (Figure 13B). The downstream ephemeral gully
initiation point was located within the riparian zone and did not evolve for either of the 10, 20, and 40 meters width
scenarios. While the upstream gully initiation point was spatially located outside of the riparian zone for the 20
meters width scenario, all sediment produced was trapped in the downstream vegetative buffer. In the 40 meters
width scenario, both gully initiation points were located within the riparian zone and they did not evolve. Although,
the AnnAGNPS model still produced a small amount of sediment load resulting from suspended eroded clay
particles. Ephemeral gully contribution to sediment production was higher at the 5 meters width scenario in which
both gully initiation points were located outside of the riparian zone and therefore predicted to fully evolve. Thus,
the ephemeral gully sources had a greater impact on total sediment load (Figure 13B-C and Table 6).

Effects of Concentrated Flow Through Riparian Zone on Sediment Loads

Evaluating the effect of concentrated flow paths within riparian filter strips required identifying individual
concentrated flow paths that have high levels of stream power energy and therefore would significantly reduce the
capability of the riparian filter strip to retain sediment generated upstream. The drainage area threshold values
considered were 50, 250, 1,000, 2,000, and 5,000 m?for forest conditions in the existing riparian zone and grass for
the managed riparian zone (Figure 8). The use of drainage area threshold is intended to capture and simulate high-
energy flows that limit the ability of the riparian filter strip to slow and to spread the surface flow. Using small
threshold values result in more concentrated flow paths being considered as “short circuits” and having no effect in
reducing sediment loads (Figure 14A). An important consideration is that all scenarios in this evaluation had the
same spatial extent (riparian zone widths were the same), but produced significant differences in sediment trapping
efficiency values between scenarios and between AnnAGNPS cells. When no threshold value was used,
ANNAGNPS cells 141, 142, and 143 were estimated to have similar values of sediment trapping efficiency. As the
threshold value was reduced from 5,000 to 50 m? these cells produced different sediment trapping efficiency values.
This difference highlights distinct surface flow patterns within each AnnAGNPS cell. Cells 141 and 143 had
concentrated flows containing a wide range of drainage areas, while for AnnAGNPS cell 142, most of the
concentrated flow paths contained drainage areas smaller than 250 m?.

The effect of short circuits was more pronounced for sediment loads generated from ephemeral gully erosion

(Figure 14B). In the scenario that no drainage area threshold was utilized, (blue line in Figure 14B), most of the
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sediment was either not produced (gully does not form) or was trapped by the riparian filter strip and only small
amounts of sediment were transported to the reach in the form of diluted clay. With the introduction of the threshold
values, the concentrated flow path where both gully initiation points were located was considered a short circuit and
therefore all sediment produced by these gullies was estimated as being transported into the reach. The effect of
these short circuits was highlighted when comparing sediment loads from simulation scenarios with and without

riparian vegetation and varying drainage area threshold values (Figure 13C and Table 7).

SUMMARY AND CONCLUSIONS
A GIS-based framework was described to characterize riparian buffer vegetation in a distributed fashion to

estimate their effects on reducing sediment loads transported from agricultural uplands into downstream water
bodies. This technology helps to bridge the gap between one-dimensional plot and/or field scale buffer models and
watershed-scale erosion models, such as the USDA-AnNNAGNPS model. Parameters of individual concentrated flow
paths through the riparian buffer zone were quantified and utilized as input for buffer models in the estimation of
local sediment trapping efficiency values. Sediment trapping efficiency values for each AnnAGNPS basic unit
(AnnAGNPS cells and AnnAGNPS reaches) was obtained by weighted aggregation methods of a set of sediment
trapping efficiency values. The AnnAGNPS model estimated sediment-trapping efficiency for individual ranges of
particle sizes, as filter strips affect them differently.

The AnnAGNPS buffer technology provides the capability to evaluate the impact of concentrated flow paths
through the riparian zone, which has the potential of reducing the effectiveness of filter strips. Concentrated flow
paths can automatically be determined by defining drainage area thresholds required to form concentrated flow,
which then affects the local trapping efficiency of that particular concentrated flow path.

An important feature sought in modern watershed modeling and management tools is the ability to simulate the
integrated effect of watershed systems and ecosystems services. Conservation and novel farming practices can have
a positive effect locally on water quality, but sometimes results in unintended consequences elsewhere in the
watershed. This is a key feature of the AnnAGNPS buffer GIS technology in which the integrated potential effects
of riparian vegetation in reducing sediment loads from multiple sources are implemented with the sources tracked to
their origin, as demonstrated in this study by the evaluation of sediment loads from sheet and rill and ephemeral

gullies.
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The AnnAGNPS buffer GIS technology has been developed to serve as a template to determine the required
information needed for existing models, empirical relationships and/or physically based models and can be used
with new models/relationships for sediment trapping efficiency that may be developed. As a result, future
developments of this technology will include the estimation of surface flow information for each individual flow
path through and within the buffer, which could the utilization of additional physical-based models, such as
VSFMOD and REMM, in the estimation of local trapping efficiency. Additionally, at the present stage of
development, the AnnAGNPS buffer GIS tool records buffer information on individual flow paths and individual
buffers through reaches, allowing users to utilize this information in their own relationships and therefore, overwrite
the calculated sediment trapping efficiency.

Also, as the understanding of the integrated effects between riparian vegetation and wetlands continues to evolve,
future enhancements within AnnAGNPS will include quantifying this interaction, as both are common ecosystem
conservation practices and often are employed together.

Furthermore, in these studies, GIS layers with the riparian zone extent and vegetation type (land cover map) were
used. These layers were generated from digitization of such information from multiple years of high resolution
aerial photograph datasets. This requires tedious and time consuming efforts, especially for large watersheds. The
development of technology needed is anticipated to derive this information in a semi-automated way from remotely
sensed sources such as high-resolution satellite imagery or LiDAR data.

Finally, the utilization of vegetative filter strips is considered an important, effective and efficient conservation
practice that has been shown to protect ecosystem services at field-scales, but their full impact on the watershed-
scale is still subject to ongoing research. The AGBUF technology developed within AGNPS provides researchers
and watershed conservation managers the capability to evaluate the placement of conservation practices, track the

loads to their source, and assess their system-wide efficiency on improving water quality and ecosystem services.
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FIGURE CAPTIONS

Figure 1. Illustration of the AnnAGNPS characterization of the watershed into streams and sub-catchments referred
to as AnnAGNPS reaches (blue) and AnnAGNPS cells (red), respectively (A). Existing riparian vegetation zone
(edge of field) in each AnnAGNPS cell is identified and characterized for improved calculations of sediment loads

(B).

Figure 2. Schematic of the steps performed by the AGNPS riparian buffer component to estimate the effect of
riparian vegetation on sediment loads for individual AnnAGNPS cells and reaches. Filled boxes indicate user-
provided input information.

Figure 3. GIS characterization of riparian zones. Black lines passing through the buffer zone represent concentrated
flow paths (simulated as one-dimensional profiles) and black raster grid cells represent AnnAGNPS reach locations.
Circles represent “upstream edge” raster grid cells indicating flow into the riparian zone and squares represent
“downstream edge” raster grid cells indicating flow exiting the riparian zone.

Figure 4. Distinction of downstream edge raster grid cells between flows that enter from outside the filter strip
(squares represent the most downstream raster grid cell of these flows) and flows that begin inside the filter strip
(diamonds represent the most downstream raster grid cell of these flows) for a riparian zone extent completely
across the cell area that connects to a reach (A), partially across the cell (B), and is completely across the cell area
and with reduced width (C).

Figure 5. Aerial view of concentrated flow path “short-circuiting” the riparian vegetation buffer. Concentrated
flows with high energy as result of steep slopes and/or large drainage area tend to sustain high velocities reducing,
or even vanishing, the sediment trapping efficiency of riparian vegetative filter strips.

Figure 6. Schematic of GIS analysis performed for the estimation of sediment trapping efficiency when reaches go
through riparian vegetation zones.

Figure 7. Geographical location of the site selected for demonstrating the AnnAGNPS riparian buffer component.
The site is located in the State of Mississippi (A) and represents a subset of the Goodwin Creek Experimental
Watershed (B). The outlet was selected downstream of station 14 (C) but results are only reported for reach 14 (blue
line in D) and for AnnAGNPS cells 141, 142, and 143 (red polygons in D)

Figure 8. Simulated scenarios considered in the evaluation of the vegetation type on the AnnAGNPS riparian buffer
component estimation of sediment loads.

Figure 9. Simulated scenarios considered in the evaluation of the riparian buffer width on the AnnAGNPS riparian
buffer component estimation of sediment loads.

Figure 10. Simulated scenarios considered in the evaluation of the presence of concentrated flow paths with high
energy (short-circuits) on the AnnAGNPS riparian buffer component estimation of sediment loads.

Figure 11. Sediment load downstream of reach 14 generated from sheet and rill sources from the AnnAGNPS
simulation without riparian vegetation.

Figure 12. Accumulated sediment load downstream of reach 14 generated from sheet and rill (A), ephemeral gully
(B), and all combined sources (C) for each of the five simulated vegetation cover type scenarios for the riparian
buffer zones.

Figure 13. Accumulated sediment load downstream of reach 14 generated from sheet and rill (A), ephemeral gullies
(B), and all sources (C) for each of the four simulated buffer width scenarios.
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Figure 14. Accumulated sediment load downstream of reach 14 generated from sheet and rill (A), ephemeral gullies
(B), and all sources (C) for each of the six simulated drainage area thresholds (m?) considered.
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Table 1. Calculations of the sediment TE contribution of all concentrated flow originated within the
riparian zone to the overall ANnAGNPS cell TE (Figure 4). A weighted average based on the ratio of
drainage area of each concentrated flow path to the total AnnAGNPS cell drainage area® was used to

calculate the contribution to the overall AnnAGNPS cell TE.

Coverage A Coverage B Coverage C
FlowID DownDA ITEC* FlowID DownDA ITEC*® FlowID DownDA ITEC?
num® (m?) FIG num® (m? FIG num® (m? FIG

3 212.18 0.58% 3 212.18 0.58% 3 212.18 0.58%

4 212.18 0.58% 4 212.18 0.58% 4 212.18 0.58%

5 212.18 0.58% 5 212.18 0.58% 5 212.18 0.58%

6 212.18 0.58% 6 212.18 0.58% 6 212.18 0.58%

7 212.18 0.58% 7 212.18 0.58% 7 212.18 0.58%

9 212.18 0.58% 9 212.18 0.58% 9 212.18 0.58%

10 318.27 0.87% 10 318.27 0.58% 10 318.27 0.87%

11 106.09 0.29% 11 106.09 0.58% 11 106.09 0.29%

12 1060.9 2.90% 12 318.27 0.58% 13 212.18 0.58%

13 212.18 0.58% 16 318.27 0.87%
16 318.27 0.87%

Total TE 8.99% 5.51% 6.09%

Contribution

Down DA - Drainage area at downstream raster grid cells (diamonds in Figure 4).
F/G — Equal TE contribution values for forest and grass vegetation types.

ITEC - Individual Trapping Efficiency Contribution.
2 Total Cell Drainage Area: 36,601.05 m?.

® Concentrated flow paths originated within each of the three riparian zones considered in Figure 4A to 4C.

Most downstream raster grid cell in these flow paths are represented as diamonds (Figure 4). Numbering
schema is from left to right hand-side (Figure 3).
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Table 2. lllustration of local trapping efficiency estimation when downstream edge raster grid receives
flow from more than one concentrated flow path. Depicted in this table is left most downstream edge raster

of Figure 4C.
Upstream
Flowip  low  FlowPath ) o iTE  Local TE Edge .
Length Average X Weight

Number (m) Slope (m/m) Grass Forest Drainage

P Area (m?)
1A 49.73 0.002 1.000 1.000 848.72 0.138
1B 35.17 0.005 0.984 1.000 2,121.80 0.345
1C 14.57 0.001 0.880 0.897 3,182.70 0.517

Total Upstream Edge Drainage Area 6,153.20
Adjusted Local Trapping Efficiency Grass 0.932
Adjusted Local Trapping Efficiency Forest 0.947
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Table 3. Calculations of the sediment TE contribution of all concentrated flow originated outside the buffer zone
to the overall AnnAGNPS cell TE (Figure 4). A weighted average based on the ratio of drainage area of each
concentrated flow path to the total AnnAGNPS cell drainage area® was used to calculate the contribution to the
overall AnnAGNPS cell TE.
Flow ID  Downstream  Adjusted Adjusted Indm%ua! TE Ind|V|_ciI)ua! TE
Number® DA (m?) LTE forest LTE grass con:crl ution contribution
orest grass
1 7001.94 1.000 1.000 19.13% 19.13%
2 2652.25 1.000 1.000 7.25% 7.25%
i g 8 4349.69 1.000 1.000 11.88% 11.88%
Qo 14 7850.66 1.000 1.000 21.45% 21.45%
E 3 15 1273.08 1.000 1.000 3.48% 3.48%
SE 17 5516.68 1.000 1.000 15.07% 15.07%
18 4667.96 0.999 1.000 12.74% 12.75%
Total TE Contribution 91.00% 91.01%
o3 1 7001.94 1.000 1.000 19.13% 19.13%
- 2 2652.25 1.000 1.000 7.25% 7.25%
3 E’ 8 4349.69 1.000 1.000 11.88% 11.88%
O = Total TE Contribution 38.26% 38.26%
1 7001.94 0.932 0.947 17.84% 18.11%
2 2652.25 0.844 0.868 6.12% 6.29%
2 g 8 4349.69 0.880 0.897 10.46% 10.66%
S o 12 1060.9 0.460 0.473 1.33% 1.37%
E =3 14 7850.66 0.966 0.981 20.72% 21.05%
SE 15 1273.08 0.766 0.788 2.67% 2.74%
17 5516.68 0.897 0.915 13.52% 13.79%
18 4667.96 0.920 0.945 11.73% 12.06%
Total TE Contribution 84.37% 86.06%
Downstream DA - Drainage area at downstream raster grid cells (squares in Figure 4).
2 Total Cell Drainage Area: 36,601.05 m*.
® Concentrated flow paths originated outside each of the three riparian zones considered in Figure 4A
to 4C. Most downstream raster grid cell in these flow paths are represented as squares (Figure 4).
Numbering schema is from left to right hand-side (Figure 3).
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Table 4. Representative sediment trapping efficiency value for AnnAGNPS cell 403.

Contribution to the overall AnnAGNPS cell TE

A-forest A-grass B-forest B-grass C-forest C-grass
Flow Inside Buffer 8.99% 8.99% 5.51% 5.51% 6.09% 6.09%
Flow Outside Buffer 91.00% 91.01% 38.26% 38.26% 84.37% 86.06%

ANnAGNPS cell TE 99.98% 100.00% 43.77% 43.77% 90.46% 92.15%
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Table 5. Sediment trapping efficiency values for AnnAGNPS simulations varying vegetation type of riparian

buffers.
Scenarios Cells Reach 14
141 142 143 Effective TE*
existing forest and managed forest 99% 92% 97% 92%
existing forest and managed grass 96% 92% 97% 91%
existing grass n/a 82% 76% 66%
existing forest n/a 90% 79% 68%
no riparian vegetation n/a n/a n/a n/a

* average annual sediment load from all sources ratio between each AnnAGNPS simulation scenario

and AnnAGNPS simulation with no riparian vegetation.
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Table 6. Sediment trapping efficiency values for AnnAGNPS simulations varying vegetation type of riparian

buffers.
Scenarios Cells Reach 14
141 142 143 Effective TE*
5 meters 72% 90% 82% 79%
10 meters 81% 91% 90% 86%
20 meters 85% 92% 97% 90%
40 meters 100% 92% 92% 91%

* average annual sediment load from all sources ratio between each
ANNAGNPS simulation scenario and AnnAGNPS simulation with no

riparian vegetation.
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Table 7. Sediment trapping efficiency values for AnnAGNPS simulations varying the drainage area threshold of

riparian vegetative buffers.

Scenarios Cells Reach 14
141 142 143 Effective TE*

50 3% 38% 20% 38%

250 4% 69% 32% 44%
1,000 18% 92% 35% 47%
2,000 44% 92% 55% 58%
5,000 96% 92% 55% 63%

No threshold 96% 92% 97% 91%

* average annual sediment load from all sources ratio between each
ANNAGNPS simulation scenario and AnnAGNPS simulation with no

riparian vegetation.
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Figure 1. lllustration of the AnnAGNPS characterization of the watershed into streams and sub-catchments
referred to as AnnAGNPS reaches (blue) and AnnAGNPS cells (red), respectively (A). Existing riparian vegetation
zone (edge of field) in each AnnAGNPS cell is identified and characterized for improved calculations of sediment
loads (B).
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Figure 2. Schematic of the steps performed by the AGNPS riparian buffer component to estimate the effect of
riparian vegetation on sediment loads for individual AnnAGNPS cells and reaches. Filled boxes indicate user-
provided input information.
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Figure 3. GIS characterization of riparian zones. Black lines passing through the buffer zone represent

concentrated flow paths (simulated as one-dimensional profiles) and black raster grid cells represent AnnAGNPS

reach locations. Circles represent “upstream edge” raster grid cells indicating flow into the riparian zone and
squares represent “downstream edge” raster grid cells indicating flow exiting the riparian zone.
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Figure 4. Distinction of downstream edge raster grid cells between flows that enter from outside the filter strip
(squares represent the most downstream raster grid cell of these flows) and flows that begin inside the filter strip
(diamonds represent the most downstream raster grid cell of these flows) for a riparian zone extent completely
across the cell area that connects to a reach (A), partially across the cell (B), and is completely across the cell area
and with reduced width (C).
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o Lar d ) : o]V
Figure 5. Aerial view of concentrated flow path “short-circuiting” the riparian vegetation buffer. Concentrated
flows with high energy as result of steep slopes and/or large drainage area tend to sustain high velocities reducing,
or even vanishing, the sediment trapping efficiency of riparian vegetative filter strips.
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Figure 6. Schematic of GIS analysis performed for the estimation of sediment trapping efficiency when reaches go

through riparian vegetation zones.
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Figure 7. Geographical location of the site selected for demonstrating the AnnAGNPS riparian buffer component.
The site is located in the State of Mississippi (A) and represents a subset of the Goodwin Creek Experimental
Watershed (B). The outlet was selected downstream of station 14 (C) but results are only reported for reach 14
(blue line in D) and for AnnAGNPS cells 141, 142, and 143 (red polygons in D)
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Figure 8. Simulated scenarios considered in the evaluation of the vegetation type on the AnnAGNPS riparian
buffer component estimation of sediment loads.
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Figure 9. Simulated scenarios considered in the evaluation of the rparian buffer width on the A
buffer component estimation of sediment loads.
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Figure 10. Simulated scenarios considered in the evaluation of the presence of concentrated flow paths with high

energy (short-circuits) on the AnnAGNPS riparian buffer component estimation of sediment loads.
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Figure 11. Sediment load downstream of reach 14 generated from sheet and rill sources from the AnnAGNPS
simulation without riparian vegetation.
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Figure 12. Accumulated sediment load downstream of reach 14 generated from sheet and rill (A), ephemeral gully
(B), and all combined sources (C) for each of the five simulated vegetation cover type scenarios for the riparian
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Figure 13. Accumulated sediment load downstream of reach 14 generated from sheet and rill (A), ephemeral
gullies (B), and all sources (C) for each of the four simulated buffer width scenarios.
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Figure 14. Accumulated sediment load downstream of reach 14 generated from sheet and rill (A), ephemeral
gullies (B), and all sources (C) for each of the six simulated drainage area thresholds (m?) considered.
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