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The U.S. Department of Agriculture initiated the Conservation Effects Assessment Project (CEAP) in 2003 to determine the effects and effectiveness of soil
and water conservation practices on agricultural lands. The CEAP report Assessment of the Effects of Conservation Practices on Cultivated Cropland in the Upper
Mississippi River Basin, is the first is a
series of studies covering the major river
basins and water resource regions of the
lower 48 United States. It was designed
to quantify the effects of conservation
practices commonly used on cultivated
cropland in the Upper Mississippi River
Basin (UMRB), evaluate the need for
additional conservation treatment in the
region, and estimate the potential gains
that could be attained with additional
conservation treatment.
The full report is available online at http://
www.nrcs.usda.gov/technical/nri/ceap.
For technical documentation, visit http://
www.nrcs.usda.gov/technical/nri/ceap/
umrbdocumentation/.

Effects of Conservation Practices
on Cultivated Cropland in the
Upper Mississippi River Basin
Findings
Good progress has been made on reducing sediment, nutrient, and pesticide
losses from farm fields through conservation practice implementation in the
Upper Mississippi River Basin, but a significant amount of conservation treatment remains to be done to reduce nonpoint agricultural sources of pollution to
acceptable levels.
 Use of soil erosion control practices is widespread, with most acres receiv-

ing some form of erosion control treatment. Nevertheless, about 15 percent
of the cultivated cropland acres still have excessive sediment loss from
fields and require additional erosion-control practices.
 Complete and consistent use of nutrient management (proper rate, form,

timing, and method of application) is generally lacking throughout the region. Sixty-two percent of the cultivated cropland acres require additional
nutrient management to reduce the loss of nitrogen or phosphorus from
fields.
 The most critical conservation concern in the region is loss of nitrogen

through leaching. About 51 percent of cropped acres require additional nutrient management to address excessive levels of nitrogen loss in subsurface
flow pathways, including tile drainage systems.
 Nutrient loss from fields is within acceptable limits when soil erosion con-

trol practices are paired with management of rate, form, timing, and method
of nutrient application that maximizes the availability of nutrients for crop
growth while minimizing environmental losses. A suite of practices that
includes both soil erosion control and consistent nutrient management is
required to simultaneously address soil erosion and nitrogen leaching loss.
 Treatment of erosion alone can exacerbate the nitrogen leaching problem by

re-routing surface runoff to subsurface flow pathways. Soil erosion control
practices are effective in reducing the loss of nitrogen in surface runoff, but
for about one-fourth of the acres the re-routing of surface runoff to subsurface flow along with weak nutrient management results in a net increase in
total nitrogen loss from the field.
 Conservation practices in the region have also been effective in reducing

pesticide residues lost from fields as well as the associated environmental
risk.
 Conservation practices have the greatest effect on the more vulnerable

acres, such as highly erodible land and soils prone to leaching. Targeted
treatment of these vulnerable acres is the most efficient strategy for reducing sediment, nutrients, and pesticide loads to water bodies in the region.

Modeling strategy used to simulate the effects of conservation practices on cultivated cropland

Methodology Used for the Cropland Assessments
 A simulation model was used to estimate the effects of conservation practices that were in use during the period 2003 to 2006.

 The NRCS National Resources Inventory, a statistical survey of conditions and trends in soil, water, and related resources on U.S. non-Federal
land, provided the statistical framework. Information on farming activities
and conservation practices was obtained from a farmer survey. Using
those data, conservation practice effects were evaluated in terms of—
 reductions in losses of sediment, nutrients, and pesticides from farm
fields;
 enhancement of soil quality through increases in soil organic carbon in
the field; and
 reductions in instream loads of sediment, nutrients, and pesticides in
the region’s rivers and streams.



The physical process models used in this study are mathematical representations of the real world designed to estimate complex and varying
environmental events and conditions. To estimate the effects of conservation practices, model simulation results were used to make relative
comparisons between two model runs—one that includes conservation
practices and one that excludes conservation practices. All other aspects
of the input data and the model parameters were held constant.



The assessment includes conservation practices in use regardless of
how or why they came to be in use. It is not restricted to only those practices associated with Federal conservation programs; the assessment
also includes the conservation efforts of States, independent organizations, and individual landowners and farm operators.

Land Use and Agriculture in the UMRB
The UMRB covers some 190,000 square
miles—121.5 million acres—between
Lake Itaska in northern Minnesota and
the confluence of the Mississippi and
Ohio Rivers. The basin includes large
parts of Illinois, Iowa, Minnesota, Missouri, and Wisconsin, and small areas in
Indiana, Michigan, and South Dakota.
Urban areas make up about 8 percent of
the basin. The major metropolitan areas
are Chicago, IL; Minneapolis-St. Paul,
MN; St. Louis, MO; Des Moines, IA;
and the Quad Cities area of Illinois and
Iowa.
About half the area of the UMRB is in
crops; UMRB cropland accounts for 16
percent of all cropland and 17 percent of
crop sales in the United States. Most of
the cropland is in corn (32 million acres)
or soybeans (19 million acres); the region accounts for more than 40 percent
of the national corn grain harvest and
more than a third of the soybean harvest.
Only about 2 percent of the cropland is
irrigated. Commercial fertilizer was applied to about 80 percent of the cropland
(including not only cultivated cropland

but also hayland and land in horticultural
crops) in 2007, with manure applications
on about 10 percent. Some 47 million
acres of cropland and pasture were
treated with chemicals for weed control,
and 20 million acres of cropland were
treated to control insects. Acres enrolled
in the General Signup of the Conservation Reserve Program were used to represent land in long-term conserving
cover in the UMRB.
Some 2.8 million acres of cropland in
the UMRB have been enrolled in the
Conservation Reserve Program (CRP).
About 70 percent of CRP-enrolled land
has been planted to introduced grasses,
with the rest in wildlife habitat, native
grasses, and trees.
Although most livestock operations in
the region are small, about half the farms
in the region raise livestock; taken together, livestock operations are a significant part of the local farm economy. The
UMRB accounted for 31 percent of U.S.
hog and pig sales and 17 percent of dairy
sales in 2007. The UMRB also had
about 12 percent of beef cattle on feed in
the United States.
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River Basin Cropland Modeling
Study Reports
This series of reports will assess the
effects of conservation practices on cultivated cropland, including land in longterm conserving cover.













Upper Mississippi River Basin
Ohio-Tennessee River Basins
Mid-Atlantic and New England Water Resource Regions
South Atlantic-Gulf Water Resource
Region
Missouri River Basin
Arkansas-White-Red River Basins
Texas Gulf Water Resource Region
Lower Mississippi River Basin
Great Lakes
Souris-Red-Rainy Water Resource
Regions
Pacific Northwest and Western Water Resource Regions

Expect release of these reports through
2010.
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Above: Contour stripcropping protects the
soil against erosion and helps keep sediment and farm chemicals out of Red Rock
Lake in central Iowa, downstream from Des
Moines. Left: Location of and land cover in
the Upper Mississippi River Basin.
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Effects of Conservation Practices on Cropland
Model simulation results show that, for
cropped acres in the region, on average
conservation practices have—
 reduced surface water flow from farm
fields by 16 percent, re-routing the
water to subsurface flow;
 reduced sediment loss from fields by
69 percent;
 reduced total nitrogen loss
(volatilization, denitrification, surface
runoff, and subsurface flow losses)
from fields by 18 percent, nitrogen
lost with surface runoff (attached to
sediment and in solution) by 46 percent, and nitrogen loss in subsurface
flow by 5 percent;
 reduced total phosphorus loss
(including sediment-attached and
soluble phosphorus) from fields by
49 percent;
 reduced pesticide loss to surface water, for a 51-percent reduction in pes-

ticide risk for aquatic ecosystems and
a 48-percent reduction for humans
(all pesticides combined); and
 decreased the percentage of acres that
are losing soil organic carbon from
41 percent to 25 percent.
The benefits vary from field to field as
shown in the figures below because of
differences in climate, soils, crop rotations, and conservation treatment levels.
For land in long-term conserving cover,
soil erosion and sediment loss have been
almost completely eliminated, total nitrogen loss has been reduced by 81 percent, total phosphorus loss has been reduced by 97 percent, and soil organic
carbon has been increased by an average
of more than 400 pounds per acre.
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These reductions in field-level losses
due to conservation practices translate
into improvements in water quality in
streams and rivers in the region. Transport of sediment, nutrients, and pesticides from farm fields to streams and
rivers involves a variety of processes
and time-lags, and not all of the potential
pollutants leaving farm fields contribute
to instream loads. Model simulations
show that at Grafton, IL, just above the
confluence of the Missouri River with
the Mississippi, use of conservation
practices has reduced instream—
 sediment loads by 37 percent;
 nitrogen loads by 21 percent;
 phosphorus loads by 40 percent; and
 atrazine loads by 51 percent.
If the current level of conservation practice use is not maintained, some of these
gains in water quality would be lost.

The graphs on the facing page and at left compare computer model
simulations of the baseline (current) conservation condition
(denoted by black lines) against simulations of conditions that would
be expected to occur if no conservation practices were in place (the
no-practice scenario, denoted by red lines).
Facing page: The graphs at top left compares before-and-after simulations of sediment loss on all cropland. It shows, for example, that
under baseline conservation some 87 percent of cropland acres in
the UMRB lose 2 tons of sediment or less annually, while under the
no-practice scenario only 53 percent of the cropland acres would
lose 2 tons of sediment or less per year. The two lower graphs show
simulated comparisons of phosphorus loss and change in soil organic carbon. The graph at top right shows comparisons of pesticide
loss under the two scenarios.
Left: The graphs on this page show that nitrogen losses to the environment depend on the pathway examined. Total annual nitrogen
loss is 40 pounds per acre or less on 65 percent of the cropland
acres, while annual nitrogen losses of 40 pounds per acre or less
would occur on only about 47 percent of the acres under the nopractice scenario (top left). The significant reductions in nitrogen
loss in surface runoff (top right) were due largely to implementation
of erosion-control practices. Those same practices, however, encourage infiltration of water and soluble nitrogen into the soil; simulations suggest that nitrogen loss through subsurface pathways
under baseline conservation treatment is greater than would occur
under the no-practice scenario on about half of the cropped acres in
the region (below, bottom left).
See the four maps on page 6 for simulations of offsite water quality
impacts.
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These four maps show simulations of reductions in sediment, nitrogen, phosphorus, and atrazine loads. Each map shows the cumulative effect of pollutant loading at the outlet of the five subbasins along the main stem of the Mississippi River and at the USGS monitoring station at Grafton, IL.
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Evaluation of Conservation Treatment Needs
Adequate conservation treatment consists of combinations of conservation
practices that treat the specific inherent
vulnerability factors associated with
each field for both sediment and nutrient
loss. Not all acres require the same level
of conservation treatment because of
differences in climate and inherent soil
vulnerabilities. The evaluation of conservation treatment needs was conducted
by identifying acres that were inade-

quately treated with respect to the soil
runoff or soil leaching potential.
The evaluation of treatment needs for
the UMRB determined that—
 36 million acres (62 percent of
cropped acres) are under-treated for
one or more of sediment loss, nitrogen lost with surface runoff, nitrogen
in subsurface flow, or total phosphorus loss. Fifty-eight percent of the
under-treated acres require additional

treatment only for nitrogen loss in
subsurface flow; 17 percent require
additional treatment for all but nitrogen loss;
 8.5 million acres (15 percent of
cropped acres in the UMRB) are
critically under-treated and are
among the most vulnerable cropped
acres in the region; most of these
acres have either a high or moderately high soil runoff or leaching potential.

Simulations of Additional Conservation Treatment
Additional conservation treatment was
simulated for (1) the 8.5 million most
vulnerable under-treated acres in the
region, and (2) all 36 million undertreated acres. Two levels of treatment
were simulated for each set of acres:
1. Treatment with additional erosion
control practices, which consisted of
adding in-field practices to control
overland flow (terraces, contouring,
or stripcropping) for acres without
overland flow control practices and
having a slope of more than 2 percent, and adding edge-of-field buffering or filtering practices to all acres
without edge-of-field practices.
2. Treatment with nutrient management
in addition to erosion control practices, which was simulated by adjusting the commercial fertilizer and manure applications to reflect the appropriate rate of application, the appropriate timing of application, and use
of the appropriate application
method.
Model simulation demonstrated that
sediment and nutrient losses with surface runoff could be effectively controlled in the region by treating the 8.5

million most vulnerable under-treated
acres with additional erosion control
practices. At this level of treatment,
model simulations showed the following
for the region as a whole:
 Sediment loss from farm fields would
average 0.6 ton per acre per year,
compared to the baseline conservation condition average of 1 ton per
acre per year (a 40-percent reduction).
 Nitrogen lost from the field with surface runoff (attached to sediment and
in solution) would average 6.1
pounds per acre per year, compared
to the baseline conservation condition
average of 8.6 pounds per acre per
year (a 29-percent reduction).
 Total phosphorus loss, most of which
occurs with surface runoff, would
average 2.4 pounds per acre per year,
compared to 3.0 pounds per acre per
year for the baseline conservation
condition (a 22-percent reduction).
However, model simulations also
showed that a portion of these nutrient
savings was re-routed to subsurface loss

pathways, most of which is eventually
delivered to lakes, streams, and rivers
through seepage, artificial drainage systems, and groundwater return flow.
Treatment with nutrient management
practices in addition to soil erosion control practices is required to effectively
control the loss of soluble nitrogen and
phosphorus from farm fields in the
UMRB. Treatment at this level of all 36
million under-treated acres, compared to
the baseline conservation condition, for
the region as a whole would reduce nitrogen loss in subsurface flow from an
average of 21.8 pounds per acre to an
average of 11.4 pounds per acre (a 48percent reduction). Total nitrogen loss
(all loss pathways) would be reduced 43
percent, and total phosphorus loss would
be reduced 51 percent, compared to the
baseline conservation condition.
The table below shows model simulations of additional reductions in fieldlevel losses that would be expected to
provide the following improvements in
water quality at Grafton, IL, compared
to the baseline conservation condition.

Simulated reductions in instream loads at the outlet of the UMRB due to erosion control and nutrient management practices
Environmental
outcome

Treatment of the 8.5 million most
vulnerable under-treated acres

Treatment of all 36 million undertreated acres

Sediment reduction

11%

21%

Nitrogen reduction

12%

44%

Phosphorus reduction
Atrazine reduction

12%
6%

27%
18%
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The graphs below compare differences among model simulations of treatment of the 8.5 million critical under-treated acres (the green
lines), all of 36 million under-treated acres (the blue lines), and the baseline (the black lines) and no-practice (the red lines) scenarios.
The graphs show these comparisons for sediment loss and change in soil organic carbon (left, top and bottom, respectively), total nitrogen
loss (top right), and phosphorus lost with surface runoff and (rbottom ight, top and bottom).
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These four maps show simulations of reductions in sediment, nitrogen, phosphorus, and atrazine loads that might be expected under different treatment levels, compared to the baseline conservation condition, at the outlet of the five subbasins along the main stem of the Mississippi River and at he USGS monitoring station at Grafton, IL.
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Diminishing Returns
Diminishing returns from additional
conservation treatment is demonstrated
by comparing the average annual peracre reductions in loss among three
groups of acres:
1. The 8.5 million critical under-treated
cropped acres.
2. The 27.5 million non-critical undertreated acres.
3. The remaining 22.2 million acres.
For example, conservation treatment of
the 8.5 million critical under-treated
acres would reduce sediment loss an
average of 2.7 tons per acre per year on
those acres. In comparison, additional
treatment of the remaining 27.5 million
under-treated acres would reduce sediment loss by 0.7 ton per acre per year on
those acres, and treatment of the remain-

ing 22.2 million acres would reduce
sediment loss by only 0.5 ton per acre
per year on those acres, on average.
Similarly, diminishing returns were pronounced for nitrogen and phosphorus
loss. Total nitrogen loss would be reduced by an average of 39 pounds per
acre per year on the 8.5 million critical
under-treated acres, compared to a reduction of 25 pounds per acre for the
remaining 27.5 million under-treated
acres and only 9 pounds per acre for the
remaining 22 million acres. Total phosphorus loss would be reduced by an average of 4.6 pounds per acre per year on
the 8.5 million critical under-treated
acres, compared to a reduction of 1.8
pounds per acre for the remaining 27.5
million under-treated acres and only 1.3
pounds per acre for the remaining 22
million acres.

For nitrogen loss in subsurface flow,
however, diminishing returns are not
evident until all the under-treated acres
are treated, indicating that nitrogen
leaching losses are pervasive throughout
most of the region. Nitrogen lost with
surface runoff would be reduced by an
average of 18 pounds per acre per year
on the 8.5 million critical under-treated
acres, compared to a reduction of 16
pounds per acre for the remaining 27.5
million under-treated acres. However,
the reduction for treatment of the remaining 22 million acres averaged only
3 pounds per acre.
Diminishing returns for reduction in
environmental risk for pesticides was
also not evident, primarily because pesticide risk was not taken into account in
the identification of under-treated acres
and the assessment of conservation treatment needs.

Average annual per-acre reductions in loss from treatment of designated acres with additional erosion control and nutrient
management
Resource concern

8.5 million critical
under-treated acres

27.5 million non-critical
under-treated acres

Remaining 22.2
million acres

Sediment loss at edge of field due to water erosion (tons/acre)

2.7

0.7

0.5

Total nitrogen loss for all pathways (pounds/acre)

39

25
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Loss of nitrogen with surface runoff, including waterborne
sediment (pounds/acre)

17

6

4

Loss of nitrogen in subsurface flows (pounds/acre)

18

16

3

Total phosphorus loss for all pathways (pounds/acre)

4.6

1.8

1.3
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Where We Are Now … And Where We Can Go
The chart at right provides a convenient
way to envision the potential gains from
further conservation treatment; it contrasts the potential sediment and nutrient
savings to estimated savings for the conservation practices currently in use. The
no-practice scenario represents losses
without any conservation practices, and
a “full-treatment” condition was defined
as the treatment of all acres with nutrient
management and water erosion control
practices. The difference in sediment
and nutrient loss between these two scenarios was used to represent the maximum amount of savings possible for
conservation treatment.
As shown in the chart about 70 percent
of the potential sediment savings are
accounted for by the conservation practices already in use, as represented by
the baseline conservation condition. Additional treatment of the 8.5 million
critical under-treated acres would account for another 13 percent of the potential sediment savings. Additional
treatment of the remaining 27.5 million
under-treated acres, however, would
account for only about 11 percent of the
potential savings.
Similar percentages were estimated for
total phosphorus savings. About 59 percent of the potential savings are accounted for by the conservation practices already in use. Additional treatment
of the 8.5 million critical under-treated
acres would account for another 14 percent of the potential phosphorus savings.
Additional treatment of the remaining
27.5 million under-treated acres would
account for another 17 percent of the
potential savings.
Much less progress is evident for total
nitrogen. The baseline conservation condition accounts for only 30 percent of
the potential savings from conservation
treatment. Treatment of the 8.5 million
critical under-treated acres would account for an additional 19 percent of the
potential nitrogen savings, while treatment of the remaining 27.5 million under-treated acres would account for another 40 percent of the potential nitrogen
savings.

Selected Policy Questions
The CEAP-Cropland studies were established to assess the environmental effects of conservation practices. However, the models and databases used in
the Upper Mississippi River Basin study
and the subsequent studies in the series
are uniquely capable of being used to
simulate a variety of alternative policy
options and to answer “what if” questions. Following are examples of such
questions.
 What additional conservation treatment is required to meet specific
water quality goals, including the
extent to which conservation treatment can be used to meet nitrogen
and phosphorus reduction goals for
the region?
 What will be the impact of climate
change on the performance of existing conservation practices, and what
additional conservation treatment
would be required to maintain water
quality in the future?
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 How many and what kind of acres
would provide the most costeffective approach to meeting regional conservation program goals,
given constraints in budget and staff?
 What must we do to develop alternatives for new conservation initiatives
and to project the environmental
benefits that could be attained?
 What are potential future options for
CRP enrollments, including identification of the number and kind of
acres that would provide the maximum water quality protection?
 Should we evaluate and assess treatment alternatives for specific environmental issues, such as tile-drained
acres, acres receiving manure, or
soluble nutrient loss?

The Conservation Effects
Assessment Project: Translating
Science into Practice
The Conservation Effects Assessment
Project (CEAP) is a multi-agency effort
to build the science base for conservation. Project findings will help to guide
USDA conservation policy and program
development and help farmers and
ranchers make informed conservation
choices.
One of CEAP’s objectives is to quantify
the environmental benefits of conservation practices for reporting at the national
and regional levels. The cropland study
reports are developed by a modeling
team from Texas AgriLife Research and
USDA-Agricultural Research Service as
well as the NRCS. Project coordinator is
Daryl Lund, NRCS Resources Inventory
and Assessment Division, Beltsville, MD,
daryl.lund@wdc.usda.gov.
For more information or the full report:
www.nrcs.usda.gov/technical/NRI/ceap/.
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