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EXECUTIVE SUMMARY
Rural water supplies risk contamination from agricultural chemicals and
sediment, as well as from nonagricultural sources. The U.S. Environmental Protection
Agency funded the Missouri Water Quality Initiative (MWQI) as a means of developing
a watershed evaluation and planning process that reviews all sources of water quality
impacts in a watershed. The Food and Agricultural Policy Research Institute at the
University of Missouri (FAPRI), building on previous MWQI efforts, developed this
analysis examining how the Conservation Reserve Enhancement Program (CREP) will
likely impact water quality in the Long Branch Lake watershed.
CREP, a federal partnership with selected states, seeks to improve water quality in
drinking water supplies. Missouri’s CREP targets 83 public drinking water supply
reservoirs, including Long Branch Lake, with the aim of reducing pesticide and sediment
loadings into each reservoir by 50% through the application of conservation practices on
up to 50,000 acres of cropland statewide. Producers in the Long Branch Lake watershed,
which supplies water for the city of Macon and surrounding rural areas, enrolled 3,168
acres of cropland in the program in 2002. CREP enrollees plant whole fields or buffers in
perennial grasses for a period of 15 years.
In a previous analysis, FAPRI, in conjunction with USDA Natural Resource
Conservation Service and other local sources, identified soils and production practices
representative of the watershed. A watershed scale computer simulation model identified
the relative contribution of sediments and the corn herbicide, atrazine, from subbasins
within the watershed. The current analysis represents a modification of the earlier
analysis and a comparison of baseline land use practices to changes resulting from CREP.
Modifications of the previous analysis included updating to the most recent
software, and reconfiguring the watershed model to allow calibration of the model to
measured stream flows within the watershed. Calibration efforts improved the model’s
validity.
As expected, replacing rowcrop acreage with grasslands reduced the quantity of
sediment, atrazine, and nutrients reaching streams. Reductions in sediment and nutrient
loadings were a function of the crop acreage removed in each subbasin, while atrazine
reductions were proportional to the corn acreage removed. Sediment and nutrient
reductions were not proportional because runoff rates are affected by additional factors,
including soil type and slope. Although enrolled acreages occurred in subbasins with the
highest proportions of cropland, they were not those with the highest runoff rates in the
watershed.
The pattern of reductions in reservoir loadings over the simulation period
resembled stream loading reductions for atrazine but not for sediments. Atrazine loadings
varied annually with the quantity and timing of rainfall in relation to application, but on
average were nearly proportional to reductions in corn acreage. Sediment loadings also
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varied with precipitation, but on average were not significantly less than baseline
estimates. This suggests that streams are still near carrying capacity for sediment. This
analysis suggests that current CREP enrollments in the Long Branch Lake watershed will
not meet the goal of 50% reductions in sediment and atrazine loadings in this reservoir.
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Missouri’s Conservation Reserve
Enhancement Program (CREP) is a federal
and state partnership seeking to improve
water quality conditions in 83 public
drinking water supply reservoirs. The goal
of the program is to reduce pesticide and
sediment loadings into each reservoir by
50% through the application of conservation
practices on up to 50,000 acres of cropland
statewide. In 2002, agricultural producers in
the Long Branch Lake watershed, which
provides water for the city of Macon and
surrounding areas, enrolled 3,168 acres into
the program.
The Food and Agricultural Policy
Research Institute (FAPRI) and others at the
University of Missouri have been working
with local residents in the Long Branch
Lake watershed to assess water quality
issues of local concern. FAPRI’s role has
been to provide quantitative analytical
support to agricultural aspects of the
watershed assessment effort. In 2000,
FAPRI published a baseline watershed
assessment (Heidenreich and Farrand 2000)
as part of a larger effort by the University of
Missouri called the Missouri Water Quality
Initiative (MWQI). FAPRI’s baseline
assessment focused on water quality impacts
of common crop production practices in the
watershed. Other MWQI research efforts in
the watershed addressed sediment deposition
in the lake, lake water quality assessments
(heavy metals and total dissolved solids),
riparian corridor impacts on nonpoint
source transport of agricultural chemicals,
groundwater resource assessment, fish
population structure and health, benthic
invertebrate assessment, and a survey of
farm operators.

assessment, this effort utilizes the Soil and
Water Assessment Tool, a fate/transport
modeling system for watershedscale
analysis. The study is intended to estimate
the reduction in agricultural nonpoint
source pollution resulting from land use
changes under CREP.

Study Area
The Long Branch Lake watershed
covers approximately 108 square miles
(68,890 acres as calculated by the
Geographic Information System used in this
analysis) of north central Missouri in Macon
and Adair counties (Figure 1). The East Fork
of the Little Chariton River and Long
Branch Creek drain the basin and feed Long
Branch Lake, which lies just west of the city
of Macon. Reservoir storage began in 1978.
The 2,429acre lake provides fishing and
other recreation opportunities in addition to
supplying water to Macon and surrounding
areas.
Long Branch Lake is classified by
the State of Missouri as a major reservoir
with designated uses including: 1) drinking
water supply, 2) protection of warm water
aquatic life and human health/fish
consumption, 3) whole body contact
recreation, 4) boating and canoeing, and 5)
livestock and wildlife watering. The lake
was listed by the state under Section 303(d)
of the Clean Water Act in 1998 and 2000
due to high measurements of the corn
herbicide cyanazine, which was
discontinued after the Environmental
Protection Agency classified it as a possible
carcinogen. The companyinitiated phase
out began in 1997, and by 2002 the lake was
removed from the 303(d) list.

The analysis detailed in this report
builds upon these earlier efforts to assess the
water quality benefits afforded by CREP in
this watershed. As with FAPRI’s baseline
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Soils
For the purpose of this analysis, the
watershed was divided into 6 subbasins
(Figure 1). A Geographic Information
System (GIS) and NRCS guidance were
used to select predominant soils for each
land use within each subbasin. Fortyeight
soils were identified within the watershed
using USDA Natural Resource Conservation
Service’s (NRCS) SSURGO soils database.
Soil slopes range widely (0 to 35%), and a
range of permeability and erosion potential
exists. Soils are generally more gently
sloping in the northern portion of the
watershed with steeper slopes toward the
southern end nearer the reservoir.

Figure 1. Location map of the Long Branch
Lake Watershed, including
subbasin boundaries and the
location of the USGS flow gage.

The local Watershed Steering
Committee identified sediments and the corn
herbicide atrazine as continuing water
quality concerns. Research efforts by FAPRI
and others under the MWQI revealed that
shoreline erosion, not agriculture, was the
major contributor of sediments to the
reservoir. Atrazine loading to the reservoir
was shown to be a function of corn acreage
and the timing of application in relation to
rainfall (Heidenreich and Farrand 2000).
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Soils were classified into 3 groups:
gently sloping upland soils, which included
stable summit and backslope soils with less
than 5% slope; steep upland soils, which
included moderately steep to very steep side
slope soils (>5%); and floodplain soils,
which included relatively flat loamy and
silty alluvial deposits along the floodplains
and low stream terraces.
Soils were ranked by area within the
groups and minor soils were reclassified as
more dominant soils within the GIS based
on soil associations. This filtering procedure
produced “representative” soils, and reduced
the number of soils within the watershed
from 48 to 11 (Figure 2). A land use map
was combined with the representative soils
layer in the GIS, and soilland use
combinations were ranked within each
subbasin. Soilland use combinations
comprising >5% of a subbasin were
considered “predominant” and were used in
the model (Table 1). The physical and
chemical properties of each soil used in the
model were generated with the assistance of
NRCS staff and publications.

Figure 2. Soils distribution map.
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Table 1. The soil composition within each land use in each subbasin, including landscape
position classification (Pos).

Sub
basin

1

2

3

4

5

6

1

Cropland

Pos1

%

Grassland

Pos

%

Adco silt loam
Armstrong clay loam
Armstrong loam
Leonard

1
2
2
1

30
23
9
37

Adco silt loam
Armstrong clay loam
Leonard

1
2
1

43
33
24

Adco silt loam
Armstrong clay loam
Armstrong loam
Leonard

1
2
2
1

23
30
31
16

Adco silt loam
Armstrong clay loam
Armstrong loam
Keswick clay loam
Wilbur silt loam
Adco silt loam
Armstrong clay loam
Keswick clay loam
Adco silt loam
Armstrong clay loam
Leonard

1
2
2
2
3
1
2
2
1
2
1

23
28
17
22
9
34
30
36
43
25
32

Adco silt loam
Armstrong clay loam
Armstrong loam
Leonard
Keswick clay loam
Winnegan loam
Adco silt loam
Armstrong clay loam
Leonard
Keswick clay loam
Winnegan loam
Adco silt loam
Armstrong clay loam
Armstrong loam
Keswick clay loam
Tice silty clay loam
Winnegan loam
Armstrong clay loam
Armstrong loam
Keswick clay loam
Wilbur silt loam
Winnegan loam
Armstrong clay loam
Keswick clay loam
Winnegan loam
Adco silt loam
Armstrong clay loam
Leonard
Keswick clay loam
Winnegan loam

1
2
2
1
2
2
1
2
1
2
2
1
2
2
2
3
2
2
2
2
3
2
2
2
2
1
2
1
2
2

15
42
11
20
7
5
14
54
10
5
17
8
33
18
17
6
18
28
10
38
5
18
24
38
38
16
37
24
15
8

Forest

Pos

%

Armstrong clay loam
Tice silty clay loam
Wilbur silt loam
Winnegan loam

2
3
3
2

32
17
24
26

Armstrong clay loam
Vesser silt loam
Winnegan loam

2
3
2

36
26
37

Armstrong clay loam
Keswick clay loam
Wilbur silt loam
Winnegan loam

2
2
3
2

22
22
23
33

Armstrong clay loam
Keswick clay loam
Wilbur silt loam
Winnegan loam

2
2
3
2

11
39
12
38

Keswick clay loam
Wilbur silt loam
Winnegan loam
Armstrong clay loam
Wilbur silt loam
Winnegan loam

2
3
2
2
3
2

31
7
63
35
33
32

Landscape position classification: 1 = gently sloping uplands, 2 = steep uplands, and 3 =
Floodplains.
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Land Use
Land use distribution
Land use distribution in the Long
Branch Lake watershed was determined by
analysis of 1992 satellite imagery (Figure 3).
The imagery contains 16 land use classes,
which were aggregated into five groups:
cropland, grassland, forest, urban, and water
(Table 2).
The grassland designation includes
hay, pasture, and land enrolled in the
Conservation Reserve Program (CRP).
These land uses are assumed to behave
similarly in terms of runoff, erosion, and
nutrient loads. Urban land uses were less
than 1% of the entire watershed and less
than 5% of any subbasin, and so were not
included in the model.

Figure 3. Land use distribution map.
Table 2. Land use distribution in each subbasin as a
percentage of the watershed.

Subbasin
Watershed
1
2
3
4
5
6
Cropland
4.3 6.1 1.5 2.4 0.8 10.4
25.6
Grassland 8.1 14.2 2.8 7.1 9.5 9.2
50.9
Forest
1.9 2.8 1.2 3.1 7.1 2.5
18.5
Urban
0.0 0.0 0.0 0.0 0.0 0.4
0.4
Water
0.0 0.0 0.0 0.0 4.6 0.0
4.6
Total
14.3 23.1 5.5 12.6 22.0 22.5
100.0
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Management
The majority of the cropland is
located in the northern half of the watershed.
Grasslands and forested areas tend to be
located on the steeper, more erosive soils of
the watershed. Most of the forested area
within the watershed lies along the streams
and lake, forming a buffer area between the
water bodies and cropland.

2
6

2

6
Corn

1

1

Soy
Wheat
Grass
Urban

4

4

Wood

3

3

Weather

Water

5
5

Figure 4. Distribution of land use by
subbasin.
The crop managements used in this
analysis were taken directly from FAPRI’s
previous efforts in the watershed
(Heidenreich and Farrand 2000). Briefly,
major crops and crop rotations were
identified using USDA Farm Service
Agency (FSA) records for the years 1994
1998, and annual countylevel crop
production records from the Missouri
Agricultural Statistics Service (MASS). The
predominant crops were corn (24%),
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soybeans (66%), and wheat (10%). Spatial
analysis of the FSA data and satellite land
use imagery determined the crop distribution
among subbasins (Figure 4). The corn,
soybean, and wheat acreages were divided
into three common crop rotations: corn
soybeanswheat, cornsoybeans, and
continuous soybeans. Crop rotations were
selected to give an average representation of
the crop history information collected from
FSA, MASS and NRCS. Local farm
chemical distributors and NRCS personnel
defined crop management practices, which
included notill operations for all crops
except after wheat to prepare for the
subsequent corn crop. The primary
herbicides used on the corn acreage in 1997
were products containing atrazine,
metolachlor, and glyphosate. Of these,
atrazine was of the greatest local interest in
terms of water quality impacts and is the
only herbicide tracked in this analysis.

This simulation used measured daily
weather data from the Kirksville weather
station just north of the watershed. The
Missouri Climate Center at the University of
Missouri, Department of Soil and
Atmospheric Sciences provided official
daily temperatures and precipitation for the
station.
Methodology
Analyzing the likely environmental
impacts of policydriven land use changes
involves developing a baseline model of pre
program conditions and comparing it to an
alternative model that reflects changes
resulting from the program. In the case of
CREP in the Long Branch Lake watershed,
programmatic land use changes entailed
replacing existing cropland with grassland
for an enrollment period of 15 years. The

baseline model was developed from
previous work under MWQI, and was
calibrated using stream flow data from
within the watershed to ensure reasonable
results. The alternative model differed from
the baseline only with respect to the land use
distributions within subbasins where CREP
enrollments occurred.

water quality. The software requires
considerable inputs to build a watershed
model, some readily available via GIS
(elevations, slopes, soils, land use) and some
specific to the area and not readily known
(crop rotations, land management practices).
Areaspecific inputs used in this analysis
were derived from previous work
(Heidenreich and Farrand 2000).

Baseline Watershed Model
Model Calibration and Validation
This approach relies on mathematical
computer simulation software that calculates
water quality parameters at the outlet of a
watershed or subbasin. The purpose of using
such software is to establish a baseline
model of water quality characteristics
resulting from existing management
practices when monitoring data are limited
or lacking. The process of developing a
baseline model involves subdividing the
watershed of interest into subbasins based
on topography and hydrology, then further
subdividing each subbasin into nearly
homogenous units that have a distinct land
use, soil type, and management practice.
This process allows identification of
subbasins or managementsoil combinations
that may contribute most to water quality
problems within the watershed.
The software used in this analysis
was the Soil and Water Assessment Tool
(SWAT) (Arnold et al. 1998). SWAT
simulates on a continuous daily timestep
many of the physical processes that impact
soil and water quality in a watershed, and
can be used whenever measured water
quality indicators are unavailable and/or to
obtain longterm characteristics of these
indicators and crop yields. Its primary
purpose is to assess the water quality
resulting from the interaction of weather,
soil types, crop growth, and land
management, and to estimate the impacts of
alternative managements on crop yield and

The baseline model depicts current
conditions of the watershed, accounting for
its physical properties (soils, climate,
hydrology, land use composition, reservoir)
and the 1998 farming practices. Measured
water quality data are lacking for streams in
the watershed, but recent flow data was
available for model calibration from the U.S.
Geological Survey (USGS) flow gage on
Long Branch Creek (Figure 1), which
became operational in 1995. The model was
calibrated by adjusting model parameters
until estimated crop yields compared well
with countylevel data. The model was
substantiated through comparison of
estimated flows to measured flows.
Model Assumptions
Several assumptions were made
about the watershed in order to facilitate the
watershed modeling process. These
assumptions, which have an impact on the
outcome of the model, are listed below.
1. Measured daily rainfall and
temperature data from an official
weather station 4 miles north of the
watershed in Kirksville, Missouri is
representative of the daily weather in
the watershed.
2. In each subbasin, the properties of
the “predominant” soils for each land
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use describe the soil characteristics
for that soilland use association.
3. Crop management operations
(tillage, pesticide application,
nutrient application, planting,
harvest) are defined by fixed dates.
The model does not adjust these
dates based on precipitation events.
4. Crop management is predominantly
notill.
5. Crop distribution and managements
are stable over the 15year modeling
period.
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Figure 5. Estimated and reported crop yields
between 1996 and 2000.

Crop Yields
Model calibration was achieved
though comparison of estimated crop yields
to reported values. Since yield statistics are
not available for Long Branch Lake
watershed, countylevel yields for modeled
crops were obtained from MASS for 1996 to
2000. Crop yields estimated in the model
were compared to a weighted average of
reported yields based on the proportion of
the watershed in each county (Figure 5).
Estimated yields for each crop follow the
annual pattern of the reported data. Average
reported and calculated yields are listed in
Table 3. Model outputs tend to be higher
than reported values because SWAT does
not capture weed competition, pest damage,
or delayed planting due to weather.
However, estimated average yields are
within 10% of reported values, which lends
strength to the model’s credibility as a
policy analysis tool.

Table 3. Comparison of countylevel and
estimated average annual crop
yields during the calibration period
(1996 – 2000)
Corn
Weighted
average county
yield (MASS)
Calculated
average yield
(SWAT)
Percent
difference

Soybean Wheat
(bushels/acre)

110.8

33.7

48.3

109.8

34.5

52.7

1%

2%

9%

Stream flow
Once baseline crop yields adequately
matched measured values, the baseline
model was corroborated by comparing
estimated outflows from Subbasin 6 to
measured data from the USGS gage at that
point for the years 1996 to 2000 (years with
complete data sets available). Surface runoff
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A base flow filter provided on the
SWAT website was used to estimate the
proportion of measured flows constituted by
return flow based on the daily flow
measurements. The base flow filter
suggested return flows should be between
1023% of total flow, and the baseline
model estimated 11% groundwater flow for
both subbasin 6 and the watershed as a
whole.
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Figure 6. Comparison of reported and
estimated flow patterns (1996 –
2000).
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is estimated in SWAT using a modification
of the curve number method, which includes
a provision for frozen soil conditions.
Mathematical formulations representing
percolation, lateral subsurface flow,
groundwater flow and water uptake by
plants are combined using the conservation
of mass equation to arrive at estimates of
return flow, soil water content, evaporation,
and transpiration. SWAT computes daily
stream flows by combining estimates of
surface runoff and return flow.
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SWAT flow estimates tracked
patterns in the measured data (Figure 6).
Differences between the height and duration
of peak flows likely result from precipitation
discrepancies between the watershed and the
Kirksville gage. A comparison of flow
frequencies revealed that SWAT tended to
underestimate rarer highvolume events and
overestimate the more frequent low volume
events (Figure 7). Still, total estimated flows
were 97% of measured flows during the
calibration period.
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Figure 7. Comparison of reported and
estimated flow frequencies (1996 –
2000).
Baseline Results
In the process of updating the Long
Branch Lake watershed baseline model,
several changes were instituted that changed
results relative to the previous baseline
analysis, including a longer time frame,
calibrated flows, and a new version of the
SWAT model, including the use of a GIS
interface to construct some of the input files.
This analysis spanned 15 years (1988 –
2002) instead of 10 years (1989 – 1998),
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Model flow estimates in the previous
analysis were assumed reasonable because
estimated runoff tracked precipitation well,
and crop yields closely matched reported
yields. For this analysis we were able to take
advantage of a USGS gage station in the
watershed. Calibrating flows had a varying
affect on the revised baseline compared to
the previous analysis (Figure 8), but reduced
flows into the reservoir by 12% for the years
common to both analyses.

in combination with slightly lower reservoir
inflows, consistently reduced sediment
delivery to the reservoir in this analysis
(Figure 9), with an average annual reduction
of 65% for the years common to both
analyses. Impacts on atrazine loading to the
reservoir were much more variable (Figure
10), with an average annual increase of 9%.
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which means that annual averages capture
more weather variability.
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Figure 9. Comparison of sediment loads
delivered to the reservoir between
the earlier baseline analysis
(SWAT98.1) and the current
analysis (SWAT2000).
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Using the GIS interface that
accompanies SWAT2000 resulted in a
number of important differences from our
earlier work. The watershed boundary used
in this analysis was calculated within the
interface from a digital elevation model
(DEM) map instead of estimating ridgeline
positions by hand. As a result, the watershed
area used in this analysis (68,890 a) was
larger than reported earlier (66,389 a), and
the proportion of the watershed in cropland
was lower (26% and 29%, respectively).
Selection of predominant land use – soil
combinations was also automated within the
interface, which resulted in lower slopes for
cropland in some subbasins. These changes,

4000

1989

Figure 8. Comparison of stream flows into
the reservoir between the earlier
baseline analysis (SWAT98.1) and
the current analysis (SWAT2000).
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Figure 10. Comparison of atrazine loads
delivered to the reservoir between
the earlier baseline analysis
(SWAT98.1) and the current
analysis (SWAT2000).
Differences between the previous
and updated baseline models are presented
here for readers familiar with the previous
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analysis, and are interesting from a
modeling research perspective. For policy
analysis, these differences are immaterial
since the CREP comparison that follows is
based upon the updated baseline. A
comparative analysis based on the previous
baseline produced similar results (Farrand
unpublished data). It is important to note
that the flow calibration efforts in the
current analysis strengthen its legitimacy,
and use of the GIS interface increases
repeatability of the results.
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Figure 11. Modeled land use changes
resulting from the Conservation
Reserve Enhancement Program.

CREP Alternative
By May 2002, 47 voluntary
enrollment contracts had been approved in
the Long Branch Lake watershed totaling
3,168 acres, or about 6% of the 50,000 acres
estimated as eligible for the program
statewide. Wholefield conversions from
crop to grass dominated the approved
contracts (94%) despite an additional one
time Signing Incentive Payment of $140
150 per acre for filter strips or riparian forest
buffer practices. Enrolled acres resided in
highcrop subbasins in the northern part of
the watershed (Figure 11). The crop
histories of enrolled acreages were not
identified, so the alternative model assumes
that equal proportions of the three major
crops are replaced with grass within each
subbasin. The CREP alternative model
differed from the baseline only with respect
to the land use distributions in these
subbasins.

Results
Water balance
The change in land management
from row crop acreage to perennial cover
can be expected to conserve soil resources
by reducing rainfall energy, runoff volume,
and peak flow rates, and, conversely,
increasing infiltration rates. Indeed,
comparison of annual average surface runoff
volumes and base flows between the
baseline model and the CREP alternative
shows a runoff reduction and a base flow
increase in each subbasin where the CREP
program is applied (Figure 12). These
changes follow the general pattern of
cropland reduction in each subbasin, but are
not proportional to that reduction due to
topographic differences. Changes in base
flows appear larger than the changes in
surface flows in Figure 12, but base flows
were very small relative to surface flows
such that any change is large in percentage
terms.
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Figure 12. Estimated change in surface
runoff and groundwater base flow
resulting from the Conservation
Reserve Enhancement Program.
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Figure 13. Estimated change in sediment
loading to streams resulting from
the Conservation Reserve
Enhancement Program.
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Figure 14. Estimated change in atrazine
loading to streams resulting from
the Conservation Reserve
Enhancement Program.
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Similar to the pattern of results for
surface flows, the changes in sediment
delivery to streams followed the pattern of
cropland reduction in each subbasin (Figure
13). Again, sediment yield reductions are
not proportional to cropland removal due to
differences in soil properties and subbasin
topography. Atrazine loading to streams is
reduced in proportion to the removal of corn
acreage (Figure 14), because atrazine is only
applied there. Changes in nitrogen (Figure
15) and phosphorus (Figure 16) loading to
streams were a function of crop acreage
removed. Reductions in forms moving with
sediment were greater than reductions in
forms moving in runoff, due to the greater
proportion of sedimentbased nutrient losses
seen under the baseline.
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Figure 15. Estimated change in nitrogen
loading to streams resulting from
the Conservation Reserve
Enhancement Program.
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Although programinduced
reductions in stream loadings are important,
the true measure of CREP’s efficacy is the
impact it has on water quality in the
reservoir. As previously noted, the
assumption underlying lake processes (i.e.,
complete mixing) in SWAT is not realistic
for a reservoir as deep as this one so we
focus here on changes in loadings entering
the reservoir.
The estimated reduction in annual
average sediment delivery to the reservoir
under CREP is 371 tons, or 4% of baseline
amounts (Figure 17). Although sediment
reductions vary from year to year with
weather, no year approaches the level of
reductions that the model estimates for
sediment delivery to the streams. The
average annual reduction in total load from
the CREP subbasins is nearly 30,000 tons,
or about 960 lbs/a for the entire watershed.
Reductions in sediment delivery to the
reservoir, on the other hand, are about 12
lbs/a. We did not allow the model to
simulate stream bank erosion which is
known to occur (Heimann 2001). This
suggests that the streams in the watershed
are still near carrying capacity for sediment
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Figure 16. Estimated change in phosphorus
loading to streams resulting from
the Conservation Reserve
Enhancement Program.
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despite reductions in inputs. This contention
is supported through examination of
sediment inflows and outflows from each
subbasin channel (Figure 18). Sediment
loadings are reduced in CREP subbasins (1,
2, and 6) and are unchanged in subbasin 3
where no land use changes occurred.
Subbasins 4 and 5 receive flows from the
CREP subbasins and thus have less
sediments coming in. However, more
sediment leaves these subbasin channels
under CREP than under the baseline due to
resuspension of streambed sediments.

1988
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Figure 17. Estimated change in sediment
loading to the reservoir resulting
from the Conservation Reserve
Enhancement Program.
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Figure 18. Comparison of sediment loads
entering and leaving each
subbasin channel under the
baseline model and CREP
alternative.
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Nutrient load reductions as a result
of CREP can be expected since agriculture
is a major source of nitrogen and
phosphorus in streams. Model results
suggest that these reductions will be nearly
proportional to the crop acreage retired, with
total nitrogen averaging a 15% reduction
annually (Figure 20) and total phosphorus
averaging a 13% reduction annually (Figure
21).
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Figure 20. Estimated change in nitrogen
loading to the reservoir resulting
from the Conservation Reserve
Enhancement Program.
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Figure 19. Estimated change in atrazine
loading to the reservoir resulting
from the Conservation Reserve
Enhancement Program.
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Comparison of baseline and CREP
model results for atrazine shows higher than
expected reductions in atrazine loading to
the reservoir. Previous research at FAPRI
indicates a proportional reduction in atrazine
loading from reductions in application (i.e.,
a 1% reduction in application yields a 1%
reduction in reservoir loads) (Farrand and
Heidenreich 2000). Although this trend was
noted in stream loadings, the 18% reduction
in crop acreage in the watershed resulted in
a 20% reduction in annual average reservoir
load (Figure 19). This result is due to
pesticide degradation in the streams, which
occurs by default in SWAT2000. There is
some uncertainty in setting coefficients for
the 11 parameters for pesticide fate in
streams; default settings were used. Atrazine
degrades more slowly in water than on soil,
and so should not be expected to degrade
greatly between the field and the reservoir
when travel times are typically less than 2
days. Given the proportional reductions in
stream loadings, reductions in pesticide
loadings to the reservoir will not likely
differ substantially from a reduction
proportional to corn acreage retirement in
the watershed.

Figure 21. Estimated change in phosphorus
loading to the reservoir resulting
from the Conservation Reserve
Enhancement Program.

Summary and Conclusions
·
The Long Branch Lake watershed
model allowed us to estimate the likely
impacts of the Conservation Reserve
Enhancement Program (CREP) on sediment,
herbicide, and nutrient loads to the drinking
water reservoir. The model was built using
Soil and Water Assessment Tool (SWAT)
software, which includes mathematical
representations of many of the processes that
affect soil and water quality. Inputs were
collected primarily from cooperators in our
previous work in the watershed, including
the local steering committee, federal and
state agencies, and chemical applicators.
This analysis assumes that model inputs
such as land management practices and land
use distributions are representative of the
entire watershed and are consistent over the
15year simulation (1988 – 2002). For direct
comparison, changes under CREP were
modeled as if they had been in place over
the same period. The actual effect of CREP
will be dependent upon the similarity
between weather patterns, land use
distributions, and land management
practices in the watershed over the life of the
program and those represented in the model.
The results summarized below represent our
best estimate of the magnitude of CREP’s
impact on water quality in the Long Branch
Lake watershed.
·

·

·

·

physical and chemical properties and
soil slopes.
Reduction in atrazine loading to
streams is proportional to the corn
acreage retired in a subbasin.
Reductions in sediment, herbicide,
and nutrient loads to the reservoir are
a function of reductions in stream
loads, but are also dependent upon
stream processes.
CREP will likely lead to reductions
in reservoir atrazine load, as well a
minor reduction in reservoir
sediment loads. Although neither
pollutant is currently considered an
impairment to drinking water quality
here, these reductions fall short of
the program’s stated goals.

Replacement of row crop acreage
with perennial cover such as grass
reduces herbicide and nutrient inputs
into the watershed and conserves
soil.
Reductions in sediment and nutrient
loads to streams are a function of the
quantity of cropland retired within a
subbasin, but are also dependent
upon other factors such as soil
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