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egetated riparian buffers can trap

and treat pollutants in runoft

from agricultural uplands, thereby
protecting stream water quality and the
integrity of aquatic systems (Liu et al. 2008;
Dosskey et al. 2010). The effectiveness of
a buffer in achieving these goals depends
on buffer design, buffer extent (i.e., stream
length occupied), distributions of hydro-
logic flows through the buffer in time and
space, and the conservation management of
upslope agricultural lands. Soil survey and
topographic data can be used to prioritize
buffer implementation, and to design buf-
fers that effectively intercept surface and/or
subsurface flow paths according to landscape
characteristics (Tomer et al. 2015; Schultz et
al. 2009). However, bufter effectiveness can
be enhanced through conservation man-
agement of agricultural uplands, using (as
examples) zero/zonal tillage, field borders,
and/or contour buffers, practices that can
attenuate peak runoft flows that may bypass
buffer vegetation (Dabney et al. 2006). In
other words, riparian buffer performance
depends on the use of upland practices that
can effectively reduce erosion and slow or
detain runoff from uplands. Benefits of inte-
grated strategies for co-managing upland
and riparian systems at watershed scale have
been discussed, but no framework has been
suggested to enable full landscape planning
to be undertaken in an extensive yet detailed
way. A methodology for landscape analysis
that provides a way to prioritize landscape
features and connect conservation opportu-
nities across a watershed is needed. Modeling
studies of large river basins have concluded
that comprehensive, landscape and water-
shed-specific approaches will be required to
achieve ambitious water quality goals (Bosch
et al. 2013; Sharpley et al. 2009).

The availability of extensive, high-
resolution landscape data, with information
on soils, land use, and topography, enables
technologies for visualizing hydrologic
pathways, and locations along those path-
ways where “trap and treat” conservation
practices can slow flows and retard move-

ment of sediment and nutrients (Tomer
et al. 2013). However, conservation aimed
at water resource protection may require
multiple practices, placed in series along
water flow pathways, to account for trad-
eoffs among contaminants (Joosse and
Baker 2011; Sharpley et al. 2009) and for
increasing risks associated with extreme
precipitation events under a changing cli-
mate (Garbrecht et al. 2014). In short,
effective coupling of upland and riparian
conservation as a system of practices, may
become necessary to ensure water quality,
water supply, agricultural sustainability, and
ecosystem biodiversity and integrity. This
is not an easy task, nor an intuitive one.
Therefore, an approach is needed that helps
planners and stakeholders visualize strategies
to place conservation practices in sequences
that are adapted to landscape-specific attri-
butes. Here, we present such an approach,
called riparian catchments, which has been
included in the Agricultural Conservation
Planning Framework (ACPF) Version 3
ArcGIS toolbox (Porter et al. 2018).

APPROACH
Landscapes are often considered in a
generic fashion with upland, hillslope,
riparian/streamside, and aquatic com-
ponents. We understand that landscapes
these
features and that management needs and

commonly contain component
options will change when shifting from
one landscape component to the next. But
how can this understanding be applied
with a precise, local context? Our approach
is based on a partitioning of the landscape
achieved through watershed delinea-
tion and a focus on landscape hydrology.
Watershed delineation, simply put, is iden-
tifying the boundary of a watershed, i.e.,
specifying the area of land that can con-
tribute overland flows to a stream/river
at a given location. Watershed managers
understand that the definition of a water-
shed depends on where, i.e., what specific
point along a watercourse, is considered
the outlet (or pour point) of the water-
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shed. This 1s an arbitrary choice; while an
outlet is often defined at a stream conflu-
ence, outlets are also frequently defined as
the location of a stream monitoring gage
station. Stream gage locations are typi-
cally selected, at least in part, because of
ease of access. The riparian catchments
approach leverages this arbitrary aspect of
watershed definition. The process defines
many watershed outlets, along individual
segments throughout a stream network.
A nominal segment length is selected and
then segments are fitted along each stream
reach. Watersheds are then delineated to
each segment, moving stepwise through
the entire stream network, and then the
stream line is used to split each of these
incremental subcatchment land areas in
two, one above each bank of the stream.
Once divided by the stream, each riparian
catchment delineates the area that is up-
gradient of a riparian length of the stream.
The ACPF Version 3 riparian catchments
tool includes a system to create, cata-
logue, and characterize/attribute riparian
catchments across a watershed. Upon dis-
cretizing the landscape this way, a number
of potential applications for landscape anal-
ysis are available. Riparian catchments are
landscape units delineated through digital
terrain analysis, which can be priori-
tized by considering attributes of terrain,
soil, and/or land use as a part of water-
shed assessment. Co-characterization of
riparian and upland areas to define land-
scape-customized conservation —options
also becomes feasible. This article presents
detail on the riparian catchments tool in
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the ACPF Version 3 toolbox (Porter et
al. 2018) and presents results of exam-
ple applications in a selected watershed.
The approach enables the conservation
planner to focus on natural landscape
features in initial resource conservation
assessment/prioritization  and, option-
ally, during early stakeholder engagement
efforts. Agricultural field boundaries are
tully retained in the ACPF database struc-
ture as described for prior versions (Tomer

et al. 2017).

PROCESS

Riparian practices, by definition, are placed
to protect perennial streams and water
bodies, and particularly, the aquatic organ-
isms and habitats found there (National
Research Council 2002). An early step
in the development of ACPF watershed
datasets, which is completed by the user,
is to define those reaches of a watershed’s
network of flow paths that comprise the
perennial stream network. Managing
ephemeral and intermittent waterways
for conservation outcomes is important,
but the designation of perennial streams
is necessary to help define where ripar-
ian management can protect the aquatic
component of the watershed ecosystem.
High-resolution terrain data and aer-
ial photography can be used to discern
perennial from nonperennial channels,
although field reviews may be necessary to
ensure accuracy in many cases. The ACPF
User Manual (Porter et al. 2018) provides
detailed steps on the process for defining a
watershed’s perennial stream network.

Many watersheds include lakes and/or
wide rivers that may be poorly represented
in high-resolution digital elevation mod-
els (DEMs) derived from light detection
and ranging (LiDAR) surveys. The LIDAR
technology is high-speed, airborne, laser
altimetry of the land surface, and has pro-
vided high-resolution elevation data across
much of the United States. Results of these
surveys have often been posted for public
access, but ACPF users should use caution
when importing DEMs processed with-
out specific regard to ensuring speed and
accuracy in conducting hydrologic analy-
ses of the DEM. One common issue is that
LiDAR pulses are not returned from water
surfaces, requiring water surface elevations
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to be interpolated using data obtained
near the edge of the water body. Processes
such as “hydro-flattening” can improve the
output. The real issue arises in hydrologic
processing of the terrain data, which shows
flowpaths as a connected set of line seg-
ments, without indicating areas covered by
water. Where flow paths encounter a water
body, the surface has no slope, and flow
paths across that water body are (typically)
estimated by a recursive interpolation
routine (Garbrecht and Martz 1997) that
searches for lower elevations at the edge
of the water body. The outcome in terms
of flow routing towards the outlet of the
water body is accurate (figure 1a), but the
placement of pathways across the water
body, in terms of managing perennial
water bodies, is artefactual and meaning-
less. To enable riparian assessments that
include shorelines of wide, perennial water
features, a method of merging water body
polygons into the perennial stream net-
work has been incorporated into ACPF
Version 3 (figures 1b and 1c). The option
to merge water bodies can comprise wide
rivers, and/or lakes; even small ponds that
are not connected to a perennial stream
can be included. Nominally, rivers wider
than 7 to 10 m may be considered for
merging of shore polyline features into the
stream network (written communication,
Iowa Department of Natural Resources,
June 3,2009).

In prior versions of the ACPE the
riparian assessment was conducted utiliz-
ing the “strip-map-index” feature within
ArcGIS, which presented results of the
riparian analysis within a series of 250 by

180 m (820 by 590 ft) “boxes” that were
fitted along the stream network (Tomer
et al. 2015). While workable, the process
resulted in data gaps near confluences and
points of stream initiation. The riparian
catchments tool eliminates this lack of
completeness. To begin, the user identifies
a nominal riparian length that will be used
to segment the perennial stream network
for analysis. This nominal length can be
chosen between 100 and 500 m (328 and
1,640 ft); the default of 250 m is inherited
from previous ACPF versions. In selecting
this length, note each incorporated water
body should have a shoreline at least twice
the length chosen in order to be included
in the processing. The flow-path distance
of each riparian reach (and length of each
shoreline-reach of any water bodies) is
found; reaches are defined from stream
initiation points of first order streams to
the next downstream confluence (figure
2a), and then between subsequent stream
confluences throughout the perennial
network. The number of segments of the
chosen length that can be fit along each
reach is determined, with one added if
the remainder of the division (of segment
length into stream reach) is greater than
0.5.The reach is then segmented through
a two-step procedure. The first step places
points along the stream polyline to divide
each reach equally into the number of
(nominally) 250 m length sections, with-
out leaving gaps (figure 2b). Second, there
is an interpolation used to adjust the posi-
tion of each segment, which is based on
the sinuosity of the stream along that seg-
ment (figure 2c). This step shortens the

Figure 1

(b)

Three images illustrating the merging of water bodies into an Agricultural Conservation
Planning Framework stream network: (a) flow routing across two lakes (note there are
parallel lines crossing lake surface in places); (b) the flow paths are replaced by shore-
lines in the stream network to facilitate riparian analysis; (c) output from example with
bank lines of a wide river similarly merged with stream network.
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Figure 2

Four images illustrating delineation of riparian segments and formation of riparian
catchments: (a) part of stream network with points delimiting stream reaches, and
inset box for subsequent images; (b) initial stream segments found by dividing reach
into equal lengths; (c) stream segments are adjusted to reduce variation in straight-
line lengths; (d) landscape is divided into riparian catchments, shaded to highlight
headwaters (yellow), right-side (brown), and left-side (green) catchments (see text).

(b)

(a)

segment length along straight stream seg-
ments and lengthens the segments along
the more sinuous sections of each stream
reach, reducing the variability of straight-
line distances among the reach segments.
The adjusted stream segments are
then used to delincate watershed areas.
Essentially, this process defines the incre-
mental watershed contributing areas to
each grid cell along the stream network
and assembles the incremental areas by
segment. The resulting subwatershed areas
are split in two using the stream polyline
(figure 2d), forming a right and left com-

ponent. A similar approach was presented
by Jensco et al. (2010), but the ACPF
riparian catchments assemble the results
by segment to generate a network of
manageable riparian lengths. At the initia-
tion (uppermost) point of each first order
stream, the contributing area is also delin-
eated and labelled as a headwater basin.
The process, once completed, provides
a set of defined riparian lengths and, for
each side of the stream for each riparian
length, a riparian catchment that defines
where surface runoft contributions to each
riparian length may originate (depending

on the magnitude of runoft). The riparian
catchment comprises riparian and upland
components of the landscape, discretized
into a length of riparian zone as specified
by the user/watershed analyst. To enable
display of attributes/characteristics of both
uplands and riparian zones in map prod-
ucts, a set of riparian attribute polygons
(or RAPs) can be generated, which are
15 m (49 ft) wide polygons, placed adja-
cent to the stream. Each RAP is associated
with and linked to its riparian catchment
by a common identifier, which follow
an A-B-C format with A identifying the
stream reach, B providing a counter of the
riparian segments for each reach, and C
signifying stream side, i.e., 1 for right side
and 2 for left side of the stream.

EXAMPLE APPLICATIONS
A range of applications to help planners
visualize and understand riparian manage-
ment options and priorities are possible
using riparian catchment delineations and
their RAPs.

Riparian Buffer Function. Riparian buf-
fers can improve water quality by slowing
surface runoff, increasing infiltration, and
trapping of sediment and nutrients (espe-
cially phosphorus [P]). Buffer vegetation
may also influence shallow groundwater
quality in low-lying areas where carbon
(C) provided through rooting activity
can enhance denitrification. The oppor-
tunity to influence shallow groundwater
depends on the topography of the ripar-
ian zone, specifically the extent of low
lying land adjacent to the stream, where
roots of buffer vegetation can extend near
the depth of shallow groundwater. The

Table 1

Summary of the riparian function assessment used to classify and map optimized buffer designs (simplified). Note these classes
only refer to design of buffer vegetation. Adapted from Tomer et al. (2015).

Buffer width needed for runoff interception
(from size/length ratio of riparian catchment)

Width of zone with shallow water table (extent of land with <1.5 m height-above-channel)

“Wide” (>25 m)

“Narrow” (<25 m)

“Wide” (>10 m)

“Narrow” (<10 m)

CZ/MSB: Critical Zone/Multispecies Buffer
Wide buffers (25 to >50 m) with mixed vegetation
to intercept surface and subsurface water.
DRV: Deep Rooted Vegetation

Wide buffers (25 to 50 m) may enhance
groundwater denitrification.

SSG: Stiff Stemmed Grasses™

Buffers (>10 m wide) designed to slow
and infiltrate runoff.

SBS: Stream Bank Protection*

Narrow buffers (6 to 10 m) can

help keep streambanks in place.

* The need for structural enhancements to reduce bank erosion should be assessed separately and may most commonly be associated with these
two functional buffer classes. Output from the height-above-channel tool can help guide further assessment.
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height above channel tool is used to map
the extent of low-lying land in the ACPF
riparian zones. Riparian catchments can
be ranked by size to prioritize where
buffer vegetation will intercept and filter
the most runoff. Results of the height-
above-channel tool can also be displayed
to highlight areas where buffer vegeta-
tion can influence shallow groundwater.
The ACPF includes a cross classification
scheme, shown in simplified form in table
1, which can be used to identify how these
two functional benefits of riparian buffer
vegetation are distributed throughout a
watershed’s riparian zones (figure 3).

Headwater catchments, which drain to
stream initiation points, have little or no
riparian zone available to establish buffer
vegetation. This suggests planners should
consider prioritizing edge-of-field prac-
tices in headwater catchments.

Saturated Buffer Opportunities.
Saturated buffers comprise a water level
control gate and a distribution pipe that are
installed within the riparian zone; the gate
is used to divert a portion of tile drainage
from direct outfall, to be conveyed along
the distribution pipe and discharged into
riparian soils. Plant species in the riparian
bufter should be tolerant of wet soil condi-
tions. Properly designed and implemented,
this practice raises the water table in the
riparian zone to within 0.3 to 0.6 m (1 to
2 ft) of the surface, where soil C is avail-
able to eftectively facilitate denitrification
(Jaynes and Isenhart 2018). The saturated
buffer placement tool in the ACPF identi-
fies where riparian soils contain adequate
C levels, and where discharged water is
likely to raise the water table (rather than
drain away quickly). The local topography
is also important. If the site is too flat then
adjacent crops may become inundated, or
if it is too steep then seepage flows and
soil erosion may occur within the buffer.
Also, stream banks must not be so high
that the risks of bank failure become sig-
nificant. The saturated buffer tool in the
ACPF allows users the discretion to adjust
criteria on soil C, slopes, and bank height.
The riparian catchments approach enables
RAPS to display where saturated buffers
may be suitable, and which of the ripar-
ian catchments found above these suitable
sites will likely have a significant amount

TOMER ETAL.

Figure 3

channel is <1.5 m (see table 1).

Riparian buffer functional classes shown using Riparian Attribute Polygons (RAPs)
placed along stream banks. The functional classes are determined by cross clas-
sifying size of riparian catchment with average width of zone where height-above-

Riparian function
I DR
—ImsB
B ssG
I sBs

| ] <1.5 m above
- channel

Figure 4

Estimated extent of tile-drained fields (hatched) for an example watershed, and
riparian catchments where saturated riparian buffer installation may be feasible
(yellow/brown). Watershed-wide, 53% of the riparian catchment areas that drain to
riparian zones suited for saturated buffers are estimated to be tile drained. In the
inset example, 24% of this riparian catchment is expected to be tile drained.

Saturated buffer suitability
Suitable

[ Requires carbon enhancement

[7777]Tile-drained fields 'y

Stream reach

| [ unsuitable

= m

of tile drained cropland. The extent of tile
drainage is often not known but can be
estimated using queries within the ACPE
Utilizing the riparian catchments with
RAPS, tile drainage sources and potential
riparian sinks can be displayed simul-
taneously (figure 4). A multiwatershed
comparison of saturated bufter placement

opportunities (Tomer et al. 2020) provides
further details.

Mapping Concordance between Existing
Conservation Implementations and ACPF
Results. The ACPF provides a set of tools
that can be used to develop a set of options,
or a menu, of conservation practice place-
ment options using a consistent approach.
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Figure 5

Concordance between the potential extent of runoff control practices estimated
using the Agricultural Conservation Planning Framework and practices that are in
place. There is 90% concordance for 59% of this watershed’s riparian catchments.

Implementaton rates for
| runoff control practices (%)
Grass waterways

12511050
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We found in evaluating a number of water-
sheds that many of the practices displayed
in ACPF results have already been installed.
The State of Towa has set out to map exist-
ing conservation practice installations,
including terraces, water and sediment
control basins (WASCOB:s), farm ponds,
grassed waterways, and contour bufter
strips, on a statewide basis (lowa State
University 2019). The extents of existing
and ACPF-proposed placements of con-
servation practices can be compared in
any Iowa watershed. This example water-
shed map (figure 5) shows that >90% of
the ACPF-suggested practices for runoff
interception have been installed in much of
this watershed. However, there are riparian
catchments with low concordance, <50%.
Local conservation planners can prioritize
landowner engagement through this type
of assessment. Note that using the riparian
catchments for display here avoids singling
out individual fields/producers.

Land Use—Based Riparian Priovitization.
Understanding the spatial distributions of
hydrologic flow paths in a watershed can
provide critical information for assess-
ing and prioritizing riparian management
alternatives. In this example watershed
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(figure 6a), land use is dominantly for corn
(Zea mays L.) and soybean (Glycine max [L.]
Merr.) production, and there is no informa-
tion to help define if or where edge-of-field
and/or riparian practices should be priori-
tized. Here, we extend mapped information
on cropping sequences to estimate average
annual nitrogen (N) applications to crop-
land over a six year rotation. This does not
require field-specific information; rather,
we assume statewide averages of N fertil-
izer applications to different types of crops
and their sequence (table 2) can be used to
indicate how relative N applications may

be distributed among riparian catchments
in this watershed during a six year cropping
sequence (figure 6b). If we then evaluate
the results based on riparian catchments,
we can develop a ranking of the watershed’s
riparian zones according to the amounts
of N applied within each riparian catch-
ment (figure 6¢). Landowner engagement
efforts and prioritization of practice place-
ment options may then be better focused
on locations more likely to influence water
quality outcomes at the watershed outlet.

SUMMARY
The riparian catchments toolset in the
ACPF is meant to bring a clearer visu-
alization of landscape hydrology into the
conservation planning process. Riparian
buffers are a critical component of water-
shed conservation and there is a need to
enable planners to bring riparian oppor-
tunities into watershed planning and
landowner engagement. Use of ripar-
ian catchments can support a variety of
approaches to prioritize riparian buffer
placements in a precise way, consider-
ing upslope land use and conservation
management options at a landscape scale.
The applications
just examples of the types of analyses

provided here are
enabled by discretizing a watershed into
riparian catchments. Visualizations that
help watershed landowners understand
how water moves across their fields and
where it flows toward local streams may
encourage “watershed thinking” to bet-
ter connect how conservation practices at
key locations can help achieve local water
quality outcomes/goals. An understand-
ing of how different practices can be used

Table 2

pastures estimated during 2010 to 2015.

Average annual nitrogen fertilizer application rates (kg ha™) in lowa for corn (Zea
mays), soybean (Glycine max), small grains (spring wheat, Triticum aestivum), and

Crop (with preceding crop for corn)

Annual application rate (kg ha)

Corn (following soybean)

Corn (following corn)

Soybean

Wheat

Pasture - tall cool season grasses

156%*
188*

211
105+
1124

* lowa State University 2018.
1 USDA Economic Research Service 2018.
1 Barnhart et al. 2013.
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Figure 6

How riparian catchments can convey spatial information about nutrient flows in a
watershed, to prioritize edge-of-field and riparian practices for nitrogen (N) removal
in this case. (a) Cropping history by field can be used to assign an estimated aver-
age annual nitrogen fertilizer application rate for each field, based on state recom-
mendations (shown in table 2). (b) The average N applications can be distributed
among riparian catchments by area-weighting the by-field average N applications.
Results in this watershed may help prioritize saturated buffer installations.

(a)
Agricultural land use Saturated buffer
| Corn/soybeans [ ¢/s/annual rotation Yes
I Pasture || Mixed agriculture | Yes - carbon enhanced
| C/S with continuous corn I Forest ] - No
_ C/S/perennial rotation T

[ Continuous corn
“ | Tile drained

(b)

Annual cropland nitrogen fertilizer (kg ha*)
[ 1<35

[ 1361075
[ 7610100
I 10110 150

|_ESTY)

in sequence (i.e.,, a “treatment train”)
can be developed at the scale of specific  Agriculture (USDA).

landscapes. ACPF users are encouraged

dation or endorsement by the US Department of

to explore alternative analyses using the
riparian catchments approach.

DISCLAIMER

Mention of trade names or commercial products in
this publication is solely for the purpose of providing

specific information and does not imply recommen-
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