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Several state and federal conservation programs provide financial assistance or benefits
for landowners who remove cropland from production or implement soil and water con-
servation measures. Due to limited funding, only a small fraction of a watershed can be
included in such programs. The goals of this project were to: (1) Define priority areas in
which landowners would be given first access to available funds, or to target specific fields
for recruitment into conservation programs and (2) Evaluate the sediment contribution
from county roads and target specific road segments for improvement. Two Oklahoma
basins were considered, Stillwater Creek and Cobb Creek. Land cover data for both basins
were derived from 2001 LandSat TM+ imagery. Both basins were modeled using SWAT
and WEPP Roads. SWAT model results for sediment were extrapolated to a 30 meter grid
for each basin using the original soils, land cover and Digital Elevation Model themes.
This grid was used to target the 5% of the basin with the greatest sediment yield, which
accounted for 31% and 75% of the total sediment load for the Fort Cobb and Stillwater
Creek Basins, respectively. Visits to fields marked as priority areas visually corroborated
that the model was targeting highly erodible fields. Likewise road segments predicted
to have high erosion were visually corroborated. Responses from the local conservation
personnel and landowners to the targeting maps were positive. The identification of
critical source areas at the watershed scale may enable conservation programs to place
practices where they are needed most. © 2010 Oklahoma Academy of Science.

INTRODUCTION

Soil erosion and transport by flowing wa-
ter is a natural process which influences
turbidity, nutrient availability and habitat
in aquatic systems. These factors shape
riverine and lacustrine biological commu-
nities. While sediment is a natural part of
all aquatic systems, excessive sediment is a
leading cause of water quality impairment.
Excessive sediment increases nutrient avail-
ability, reduces light penetration and silts
in microhabitats needed by many aquatic
species (Soulsby et al., 2001). Excessive
sediment and turbidity were the fifth and

tenth leading causes of impairment for
water bodies in the U. S. (EPA, 2010). Areas
subject to soil disturbance with little surface
vegetation or cover such as construction
sites and cultivated agricultural fields are
often large contributors. Sediment pollution
is particularly insidious because it impairs
not only receiving waters, but its loss also
degrades the agricultural lands from which
it came. Agricultural soil erosion exceeds
soil formation by several times to several
orders of magnitude (Montgomery, 2007).
Sediment carries with it many of our other
water quality concerns such as nitrogen,
phosphorus, metals and pesticides.
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The process of erosion is complex; land
cover, topography, soil characteristics, rain-
fall and management all influence soil ero-
sion (Wischmeier and Smith, 1978). Erosion
has a high degree of spatial variability due to
the heterogeneity of its influencing factors.
The intersection of steep slopes, erosive land
covers and susceptible soils may result in
dramatically higher erosion rates in some
portions of the landscape. Areas which con-
tribute significantly more sediment relative
to the surrounding landscape are referred to
as critical source areas.

Critical sediment sources can be identi-
fied by using simple models like the Univer-
sal Soil Loss Equation (USLE) (Wischmeier
and Smith, 1978). The use of the USLE with
Geographic Information Systems (GIS) to
map erosion is relatively simple. Most USLE
parameters can be derived directly from
widely available soils and land cover data.
Other parameters such as the length-slope
(LS) factor can be estimated from elevation
data (Moore and Burch, 1986a; Moore and
Burch, 1986b). Sivertun and Prange (2003),
used soils, slope, land cover and distance to
watercourse within a GIS to predict pollut-
ant loss. They also focused on simple mod-
els applicable in commercial GIS products.
Although not quantitative, in the sense that
actual pollutant loads were predicted, this
method is a useful tool to identify critical
source areas for planning purposes.

More complex models such as the
Hydrological Simulation Program-Fortran
(HSPF) (Bicknell et al., 1997) or the Soil and
Water Assessment Tool (SWAT) (Arnold et
al., 1998) can also be used to identify criti-
cal sediment sources. These models can be
calibrated using measured stream flow
and sediment concentrations to reduce the
uncertainty of their predictions. The SWAT
model has been used to target critical source
areas within larger watersheds by several
researchers. Tripathi et al. (2003) used the
SWAT model to identify and prioritize criti-
cal sub-watersheds within a larger drainage
area. Srinivasan et al. (2005) used SWAT to
identify critical source areas for runoff gen-
Proc. Okla. Acad. Sci. 90: pp 123-132 (2010)

eration. Gitau et al. (2004) used the SWAT
model to predict the spatial distribution of
phosphorus (P) losses on a 300 ha farm for
the purpose of optimizing BMP selection
and placement.

The concept of targeting critical source
areas has been widely recognized as an
important consideration in the placement
of soil and water conservation practices
within a watershed (Gburek et al., 2002;
Pionke et al., 2000; Sivertun et al., 1998).
State and federal programs such as the
Conservation Reserve Program (CRP), Con-
servation Reserve Enhancement Program
(CREP), Environmental Quality Incentives
Program (EQIP) and various state cost-share
programs funded by 319(h) and state funds
seek to reduce non-point source pollution by
implementing conservation practices. These
programs have limited funding, thus not
every field can be enrolled. To get the most
sediment reduction per dollar spent, fields
with the highest sediment yields should be
considered first.

The Oklahoma Conservation Commis-
sion’s (OCC) mission is to conserve, protect
and restore Oklahoma’s natural resources
on behalf of the citizens of Oklahoma. The
OCC has finite state and 319(h) funding to
provide cost-share with landowners who
implement soil and water conservation mea-
sures. To realize the most benefit per dollar
spent, the OCC would like to enroll fields
with the highest sediment yield first. In an
effort to assist the OCC with this process,
SWAT 2000 (Arnold et al., 1998) and LandSat
TM+ imagery were used to target fields with
high sediment yields in the Cobb Creek and
Stillwater Creek Basins for recruitment into
cost-share programs. The OCC was also
concerned with the contribution of sediment
from county roads. Roads are a very visible
portion of a watershed, and often perceived
by the public to be the largest sediment
source. The sediment contribution from
roads in each basin was evaluated using the
Water Erosion Prediction Project (WEPP)
Roads Model.
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METHODS AND MATERIALS

Study area

Both Cobb Creek and Stillwater Creek
are located in Oklahoma (Figure 1). Both
areas were Oklahoma Conservation Com-
mission priority watersheds and heavily
involved in agriculture (>50%). Selected
basin statistics are given in Table 1. A full
description of the basin is given in each
project report (Storm et al., 2003a; Storm et
al., 2003b). Cultivated crops such as wheat,
sorghum, peanuts, cotton and soybeans are
the primary agricultural activity in the Cobb
Creek basin. These crops are often grown in
double cropping rotations, particularly in
the 10% of the basin under irrigation. Lack
of moisture usually limits dry land double
cropping in western Oklahoma. The type
of rotations and crop vary from year to
year as influenced by market conditions.
The primary agricultural activity in the
Stillwater Creek Basin is cattle production
on pastures. A relatively small (8.0%) of the
basin is cultivated, mostly wheat which is
typically grazed.

SWAT Background

The SWAT model was used to estimate
sediment and nutrient loading from the
upland areas of each basin. SWAT is a

Table 1. Comparison of the Stillwater
Creek and Cobb Creek Basins.

Stillwater Cobb Creek

Creek Basin  Basin

Basin Area (km?) 715 813
Annual

Rainfall (mm) 940 853
Fraction Involved

in Agriculture 50% 70% [a]
Fraction Cultivated

for Crops 8.0% 51%
Fraction Urban

Area 3.5% 0.1%
Fraction Forest 22% 6.0%

[a] Approximate, assuming ¥ grassland utilization.

distributed parameter basin scale model de-
veloped by the USDA Agricultural Research
Service. SWAT is effective at a variety of
spatial scales (Gassman et al., 2007). Distrib-
uted parameter hydrologic models allow a
watershed to be broken into many smaller
subbasins in order to incorporate additional
spatial detail. Water yield and pollutant
loads are calculated for each subbasin and
routed through a stream network to the wa-
tershed outlet. The SWAT model takes this

Stillwater Creek Basin

Cobb Creek Basin

Figure 1. Location of the Stillwater Creek and Cobb Creek Basins.
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approach a step further, by incorporating
the concept of Hydrologic Response Units
(HRUs). An HRU is a unique combination of
soil and land cover within a subbasin which
is simulated as a single unit. Processes with-
in each HRU are calculated independently
and the total nutrient load or water yield
for a subbasin is the sum of all the HRUs it
contains. HRUs allow more spatial detail
to be included by allowing more land cover
and soil combinations to be represented in
a computationally efficient manner.

Input Data

The data requirements of a distributed
model require the use of a GIS interface
which generates model inputs from com-
monly available GIS data. These GIS data are
summarized by the interface and converted
to a form usable by the model. The follow-
ing is a list of data that were utilized in the
simulations of Stillwater and Cobb creeks.

e 10 m or 30m United States Geologic
Survey (USGS) Digital Elevation Model
(DEM)

* 200 m Natural Resources and Conserva-
tion Service (NRCS) soils data

e 30 m Landsat ETM+ derived land
cover

e EPA Reach3 Streams

e NOAA Cooperative Observation Net-
work daily rainfall and temperature

Land cover was derived from 30 meter
Landsat 7 ETM+ imagery, digital aerial
photos and ground truth data provided
by Oklahoma State University (OSU) and
OCC personnel. Imagery for June 10, 2001,
classified using an unsupervised Iterative
Self-Organizing DATA (ISODATA) cluster-
ing algorithm. After several iterations these
clusters were combined into individual land
cover categories.

Identification of Critical Sediment
Sources

The identification of critical source
areas requires subdividing a basin into
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individual units followed by evaluating
the sediment yield from each unit. Critical
sediment source identification using SWAT
is generally done at the subbasin level,
but HRU level predictions can be used to
identify smaller critical sediment sources.
By ranking subbasins, or HRUs in terms of
predicted sediment yield, critical sources
can be identified.

SWAT model HRU level predictions
were mapped using the original GIS soils,
land use and slopes to create a map of
sediment yield for each basin. A database
of sediment yield from each soil, land use
and slope combination represented as an
HRU in SWAT was included. This database
was used to predict sediment yield for each
grid cell in each basin. Because slope is a
continuous variable, sediment yield was
adjusted based on the grid cell slope and
the HRU slope reported the database for
that particular soils and land cover combi-
nation. This adjustment was derived from
the Universal Soil Loss Equation LS factor
using the following equation:

2
E -F 0.065+0.4565, +0.00654S,

©70.065+0.456S, +0.00654S

where S is HRU slope in percent, S, is
gridcell slope percent, E is HRU erosion
rate (Mg/ha), and Es is the gridcell erosion
rate (Mg/ha).

Only one of the models was calibrated
to measured data. Calibration is the pro-
cess by which a model is adjusted to make
its predictions more closely match some
observed data. SWAT is designed for use
on large ungaged basins and can be used
without calibration. However, calibration
generally improves the reliability of the
model predictions. The model for the Cobb
Creek Basin was calibrated using two USGS
stream gages and 60 water quality samples.
Details of the calibration are given in Storm
et al. (2003). Insufficient flow and water
quality data were available to calibrate the
Stillwater Creek Basin model.
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Road Erosion Estimation

The Water Erosion Prediction Project
(WEPP) Roads model (Elliot et al., 1999) was
used to estimate road and bar ditch erosion.
Thirty years of weather data were simulated
for use in WEPP based on statistics collected
at a Weatherford, Oklahoma, weather sta-
tion. Data on road surfaces, soil textures and
bar ditch conditions were collected by OCC
personnel for each 0.4 km (1/4 mile) and
attributed onto US Census Bureau Topologi-
cally Integrated Geographic Encoding and
Referencing System (TIGER) road location
data. Slope was estimated from USGS 10 or
30 meter DEMs depending on availability.

The WEPP model is particularly sen-
sitive to roads segment length. Segment
length is the distance that runoff travels
down the bar ditch until it is diverted into
a natural drainage such as a stream or a ar-
tificial turnout. Increasing segment lengths
result in more concentrated bar ditch flow
and increased sediment transport capac-
ity. Road segments were defined at every
intersection and significant change in the
aspect or slope of the road surface. Aspect
was derived from a simplified Triangular
Irregular Network (TIN) developed from
available DEMs using an elevation toler-
ance of 3 meters. The use of a simplified TIN
eliminates small undulations in topography
which were likely removed during road
construction and maintenance. Despite the
importance of segment length no data were
available to evaluate this methodology.
Each basin contained approximately 11,000
road segments.

The Web Based WEPP Roads model was
applied to these data to generate erosion
predictions for each section. Roads were
assumed to be 10 meters wide including
the bar ditches. Bar ditches were assumed
to drain the road surface exclusively, no
additional contributing area was specified.
It is likely that many ditches also drain cut
slopes but no data were available to make
reasonable estimates.

RESULTS AND DISCUSSION

Field Erosion
The Cobb Creek Basin high-resolution

erosion map was visually validated in the

field and appeared reasonable; however, a

few anomalies were found. In the north-

western portion of the basin several tar-
geted areas were discovered to be gypsum
outcroppings that were miss-classified as

cropland in the land cover data (Figure 2).

These outcrops are common in Cornick soil

series which is characterized by its very shal-

low soil, with only 5-20 inches to gypsum
bedrock. This soil is rocky and seldom suit-
able for tillage. Areas listed in the MIADs
soils data as Rough Broken Land were also
considered unsuitable for tillage. When the
land cover data listed one of these areas as
cropland, it was likely miss-classified. Ex-
posed rock and bare soil are similar in color,
making it difficult to differentiate them from

a satellite image. These areas were tagged

as non-typical in the final product (Figure

3). Cropland areas with slopes greater than

15% were also tagged as non-typical. It is

unlikely that tillage would be performed

in these steep areas. The final product was
generated by dividing the basin into four
categories:

e High Priority is 5% of the basin with the
highest predicted erosion.

e Medium Priority includes the next high-
est eroding 5%.

* Low Priority covers the remainder.

* Non-typical areas are suspected miss-
classifications in land cover including
cultivated fields with slopes greater
than 15%, gypsum outcroppings, or
rough broken land.

High erosion fields in the Stillwater
Creek Basin were generally cultivated (Fig-
ure 2). Erosion priority areas for Stillwater
Creek were visually validated and were
reasonable in most areas visited, however
a number of land cover misclassifications
were identified. The extent of these misclas-
sifications was not sufficient to warrant the
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Figure 2. Gridcell Erosion predictions derived from Soil and Water Assessment Tool 2000.
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Figure 3. Erosion Targeting Map. High Priority is 5% of the basin with the highest
predicted erosion. Medium Priority includes the next highest eroding 5%. Low Priority
covers the remainder. Non-typical areas are suspected miss-classifications in land cover
including agricultural fields with slopes greater than 15%, gypsum outcroppings, or rough
broken land. Derived from Soil and Water Assessment Tool 2000.
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addition of a non-typical category for the
Stillwater Creek Basin (Figure 3).

Road Erosion

Although roads are among the most
visible portion of rural watershed, they
cover only a small fraction of the total land
area. Assuming a 10 m road width, roads
covered 1.1% and 1.3% of the Cobb creek
and Stillwater Creek Basins. These roads
and bar ditches were predicted to generate
annual sediment loads of 6,000 and 12,700
Mg respectively. Roads categorized by road
surface and bar ditch condition and their
average lengths are given in Table 2. The
sediment contributions of each category
are given in Table 3. Sediment loads from
paved roads were disproportionally high as
compared to dirt roads, but the paved roads
have longer segment lengths on average for
some bar ditch conditions. Paved roads also
have no infiltration, thus producing higher
surface runoff. In addition, bar ditch ero-
sion is very sensitive to segment length and
runoff volume.

The predictions of road erosion in the
Stillwater Creek basin differ from estimates
by other researchers. Peranich et al. (2005)
estimated annual sediment yields of 82,000
Mg in the basin by extrapolating measured
data collected on 4 unpaved road sections
in the basin. This prediction was consider-
ably higher than the 12,700 Mg predicted by
WEPP. The extrapolation of data collected at
4 sites to an entire basin generates consider-
able uncertainty, and the sites were deliber-
ately selected to contain design flaws com-
mon to unpaved low traffic volume roads
in the basin. Peranich et al. (2005), found
the WEPP model to systematically under-
predict sediment yields from the same four
road segments. Given the uncertainty in
the estimation of road segment length and
drainage areas it is reasonable to assume
that WEPP may have under predicted sedi-
ment losses from roads.
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Table 2. Road surface and bar ditch catego-
ries as a percentage of all roads in Cobb
Creek and Stillwater Creek Basin. Data
collected by Oklahoma Conservation Com-
mission (OCC) personnel.

Barditch Type

Road Surface Stable Eroding Flume All

Stillwater Creek Basin

Paved 38 13 0.0 50
Gravel 2.4 46 0.6 49
Gravel and Dirt 0.0 0.1 0.0 0.1
Dirt 0.0 0.8 0.1 0.9
All Surfaces 40 59 0.7 100
Cobb Creek Basin
Paved 46 7.3 0.6 54
Gravel 11 4.8 0.1 16
Gravel and Dirt 5.7 9.3 0.2 15
Dirt 4.0 11 0.0 15
All Surfaces 67 32 09 100

Table 3. Average sediment yield (Mg/km/
yr) from roads in Cobb Creek and Stillwa-
ter Creek Basin as predicted by the Water
Erosion Prediction Project (WEPP): Roads
Model.

Barditch Type

Road Surface Stable Eroding Flume All

Stillwater Creek Basin

Paved 2.9 15 0.0 6.0
Gravel 9.4 21 18 20
Gravel and Dirt 0.0 26 0.0 26
Dirt 0.0 48 19 43
All Surfaces 3.3 20 17 13
Cobb Creek Basin
Paved 2.1 10 0.0 3.2
Gravel 7.7 15 13 10
Gravel and Dirt 6.5 18 24 14
Dirt 4.9 9.0 11 7.9
All Surfaces 3.6 13 6.2 6.7
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