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Author’s Note
Mid-August of 2014, National Wildlife Federation convened the Summer Roundtable on Agricultural
Drainage in Minneapolis, Minnesota. The meeting was funded by the Walton Family Foundation and the
McKnight Foundation provided facilities to host the meeting.
Invitees were expressly selected for their expertise in agriculture, water policy and best management
practices for tile-drained systems. The goal of the event was to discuss practices that best addressed
pollution from agricultural drainage, as well as the best regulatory and non-regulatory legal and policy
mechanisms to maximize pollution reduction through the use of these practices. Meeting attendees
provided valuable insight into the status and impact of these practices and policies. Their expert
knowledge and opinions laid the foundation for this paper; many of the opinions, recommendations and
conclusions are influenced by statements from meeting attendees, all of whom are listed in the
Appendix.
Authorship of and conclusions reached in this white paper are those of the National Wildlife
Federation staff authors and contributors. While this paper is not a consensus document and is not
meant to reflect the opinion of meeting guests, there was a consensus from the participants on some
of the high level insights that we would like to share. Attendees were asked to vote on policies that
they felt had the most potential for further development, and they selected the following as the top
policies:
1.
2.
3.
4.

Performance-based regulation
Agricultural certification
Practice-based regulation
Water quality trading

The following list of insights was also produced during the roundtable discussion:
1. There is a need to track discontinued conservation practices.
2. There is a need to track surface and new tile drainage practices installed without cost share
assistance.
3. We need to be able to measure nutrient pollution reduction so that we know we are moving in
the right direction with conservation practices (measurements that tell us when conservation

practices are sufficiently reducing nutrient pollution, and when additional or modified
conservation practices are needed to reduce nutrient pollution).
4. Local water quality problems may be more likely to drive action (e.g., there is often more
political will to take action to reduce nutrient pollution to better protect local drinking water
supplies than to address the very serious down river problem of Gulf hypoxia).
5. Significant nutrient pollution reduction will likely require a shift toward more diverse and
perennial cropping systems.
As you review our document, you will see many of the insights listed above reflected in our
recommendations and analysis. We would like to again express our thanks to the experts who
contributed to the discussion, and without whom this white paper would not be possible.
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Executive Summary
Artificial drainage, commonly referred to as tile drainage or surface ditch drainage, has
intensified in the Midwest in the latter half of the 20th century. Drainage allows for higher yield and
productivity on wet soils, serving as an incentive to convert land and wetlands that were considered
marginal into cropland, and to expand tile drainage on already productive land for earlier planting and
improved yields in wet years. While drainage has been a profitable practice for farmers, studies show
that it can be a major factor allowing increased levels of nutrient pollution to waterways. Its
contribution to freshwater and saltwater eutrophication and hypoxia is especially problematic in the
highly-agricultural Mississippi River Basin (MRB). Reducing the nutrient pollution associated with
agricultural drainage is the focus of this white paper.
The 2012 Agricultural Census revealed that nationally, more than 48 million acres are tiledrained and 42 million are artificially-drained by ditches. Within Upper MRB states, approximately 34%
of cropland is tile-drained and 13% is artificially drained by ditches; a total of 60 million acres of cropland
are drained within the Upper MRB. Studies show that increased tile drainage increases nitrate-N loads
downstream. Increased drainage generally, including surface drains, increases stream flow volume, instream sediment erosion, and phosphorus and nitrogen loads downstream. Essentially, the extent of
artificial drainage is so great that, unless its negative impacts are intentionally countered by best
management practices (BMPs) through large scale initiatives, water quality in the MRB will continue to
decline.
This paper discusses in detail these practices and their potential to reduce nutrient pollution.
While BMPs can be very effective, they are not being implemented to their full potential. Current
approaches that rely entirely on voluntary conservation are clearly not going far enough to increase
BMP adoption, but there are numerous political, cultural, and economic barriers to achieving the
necessary level of conservation. Tile and surface water drainage systems are pathways for nutrient
pollution to enter America’s waters. Nutrient pollution reduction solutions must drive significant,
measurable nutrient pollution reductions while accommodating the variability and complexity of
conditions, including geography, climate, cropping systems, and farm ownership and operations. We
will examine this problem from different angles and recommend some high-level pathways to counter
the negative effects of artificial drainage.
First, we examine a number of BMPs recognized as being effective at nutrient pollution
reduction in a tile-drained system. We discuss each in terms of their adoption status, cost, water quality
impact, advantages, and disadvantages. The practices we examined for their impact on tile drainage
pollution include:
•
•
•
•
•
•
•

Drainage water management
Bioreactors
Constructed Wetlands
Cover crops
Nutrient management
Reduced tillage
Saturated buffers
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Since none of these practices are currently being used as broadly as they could be, we examined various
options to increase adoption. We recommend the following general approaches:
1. The Hypoxia Task Force, USDA, and state agencies implementing nutrient reduction strategies
should set a goal of installing at least one structural practice on every drainage outlet reaching
streams, which could be a bioreactor, a control structure for drainage water management, a
saturated buffer, or in some circumstances, a constructed wetland.
2. USDA, state agencies, conservation districts, and non-governmental organizations should
continue and expand the current approach of outreach and education on cover crops and
nutrient management (both of which are beneficial to farmers and to water quality), with an
expanded focus on the benefits to farm profitability.
3. Since constructed wetlands are expensive to install but are highly beneficial to water quality
(and have many other environmental benefits), USDA, EPA, and state governments should
support development of partnership projects between local conservation groups and
municipalities to carefully plan and install treatment wetlands where they will yield the greatest
benefits.
While these BMPs have the potential to reduce pollution from tile drainage, implementation of
conservation practices remains below the level necessary to protect water quality. Policy changes may
bring us closer to achieving clean water goals, but certain barriers must be addressed and current
approaches should be examined and remodeled in order to increase adoption.
The current approach has relied mainly on voluntary incentive-based conservation. While
conservation programs have played a valuable role in preventing much greater environmental
degradation than is currently occurring, it is increasingly clear that continuing to rely on an entirely
voluntary approach of BMP implementation will not produce the desired results.
The large scale success of a basin-wide regulatory approach, such as the Chesapeake Bay Total
Maximum Daily Load (TMDL), faces tremendous political barriers to adoption of enforceable nutrient
pollution reduction limits within and across local and state governments within the same basin. The
time, expense and difficulty of developing the monitoring, scientific data and modeling to support
enforceable pollution reduction limits; developing and executing conservation practices and pollution
controls to meet the pollution limits; and monitoring and enforcing compliance with the pollution
reduction limits to achieve overall basin-wide pollution reduction, are also major barriers to success.
However, TMDLs and similar basin-wide regulatory or quasi-regulatory approaches may be necessary for
tackling basin-wide nutrient pollution from agricultural drainage systems. There may be greater
potential for implementing a quasi-regulatory approach to nutrient pollution reduction on a smaller
watershed scale, with a focus on localized water pollution concerns. For example, a quasi-regulatory
approach might be considered for reducing nutrient pollution threats to drinking water sources in the
Raccoon River Watershed near Des Moines, Iowa.
The current approach of the Gulf Hypoxia Task Force, coordinated by a committee of state and
federal agencies, emphasizes nutrient reduction strategies for each state in the MRB, which would
encourage ownership of the problem and flexibility to meet goals at the state level. In 2008, the Task
Force charged each member state to develop a nutrient reduction strategy by 2013. By late 2015, most
of the mainstem MRB states have completed strategies, while Arkansas, Kentucky,and Tennessee have
completed draft strategies.
2

If states follow the framework recommended by EPA, these nutrient reduction strategies can
serve as a platform for improved education, communication, and governance at the watershed level, as
well as pollution reduction coordination among states and watersheds within the MRB. However, these
strategies must be tied to nutrient pollution reduction goals and, almost certainly, to binding water
quality standards if they are to achieve meaningful nutrient pollution reduction in the Mississippi River
Basin.
Policies aimed at reducing nonpoint source pollution from agricultural operations have usually
been practice-based, meaning that they focus on the practices installed, rather than the pollutionreduction outcome. Performance-based policies (i.e., policies based on meeting a specific pollution
reduction outcome) may be a more effective way to reach water quality goals, but so far very few of
them have been implemented for nutrient pollution reduction. Effluent limits, pollution taxes, and
performance-based incentive payments are potential performance-based policies. Incentive payments
are the most politically feasible, but given funding limitations they are unlikely to be sufficient on their
own. Pollution taxes and effluent limits could also be implemented in the MRB with the necessary policy
drivers, governance structures, and authority to regulate nonpoint sources. All performance-based
policies have additional challenges for monitoring and measurement.
We compare several policies aimed at reducing nutrient pollution for their advantages and
disadvantages, and possible applicability to tile-drained systems:
•
•
•
•

Minnesota's Agricultural Certification Program
TMDLs
Wisconsin's Phosphorus Rule
Water Quality Trading

We found several promising ideas worthy of further development that will help put the best policies
in place to drive significant nutrient pollution reduction from tile drainage.
1. We need to advocate for more publicly-available information on the status of conservation
practices on tile-drained acres, the extent and location of tile drainage in target watersheds (i.e.,
those with the highest nutrient pollution loads), the amount of nitrogen and phosphorus being
discharged from private drainage systems to community drainage systems and downstream
waters, and tools that assess phosphorus pathways and loss in tile-drained systems.
2. Decision makers need a tool that can accurately model both nitrogen and phosphorus reduction
for every beneficial BMP, and it must be versatile enough to be used by practitioners at the field
level in various drained systems throughout the Midwest. We should encourage development of
this tool by USGS, NRCS, EPA, or another appropriate agency with the ability to also disseminate
it for widespread use.
3. Because performance-based policies may be the most efficient way to achieve water quality
goals, we should encourage implementation of performance-based pilot programs with
monitoring that allows for measuring nutrient pollution reduction at a small watershed scale.
4. At the same time, we need to encourage more research comparing performance-based and
practice-based policies in the MRB, preferably through paired watershed studies.
5. Agricultural certification programs are a prime opportunity to increase private sector
investment in nutrient pollution-reducing conservation practices, and to raise consumer
awareness of soil and water stewardship that improves water quality. We recommend raising
3

awareness of the most effective certification programs with the sustainability programs of
corporations in the food supply chain.
6. We recommend further development of a policy model which would set quantitative nutrient
reduction goals and binding water quality standards at larger watershed scales in the MRB, but
allow smaller watersheds, ideally through smaller watershed governance, the flexibility to find
the best approach to achieve those goals and standards through a combination of regulations,
performance-based policies, and voluntary incentives.
Given the scope of the problem and the variability and complexity of conditions, including
geography, climate, cropping systems, and farm ownership and operations, it is important to consider all
options with proven efficacy and pursue strategies that encourage significant pollution reduction
through increased education, technical assistance, and performance-based policies such as
performance-based incentives, taxes on nutrient pollution, and, if necessary, enforceable effluent limits.
We recommend moving away from reliance on current, strictly voluntary measures, and moving
toward practices tied to performance-based standards. We also recommend promoting more diverse
cropping systems and markets for their products. We believe a policy model worthy of further
development would set quantitative nutrient pollution reduction goals and binding water quality
standards at larger watershed scales in the MRB, but allow smaller watershed-level governing bodies
the flexibility to find the best approaches to achieve those goals and standards through a combination of
regulations performance-based policies, and voluntary incentives.
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Introduction: Tile Drainage and Water Pollution in the Mississippi River
Basin
For more than 30 years, scientists and policy makers have studied hypoxia in the Gulf of Mexico,
and have reached the consensus that polluted runoff from agriculture is the leading cause of the
problem. Yet, as a nonpoint source of pollution, row crop agriculture is not regulated by the Clean Water
Act and there has been no significant progress in addressing this major source of freshwater
eutrophication and hypoxia related water quality problems in the Mississippi River Basin, the
Chesapeake Bay, and the Great Lakes. The size of the annual oxygen-deprived ‘Dead Zone’ in the Gulf
has not decreased significantly since the 1990s.1 Current voluntary and piecemeal approaches may have
reduced some negative impacts of agricultural intensification in recent years, but they have not
produced much, if any, significant water quality improvement. The agricultural industry has shown
tremendous resistance to any policies even perceived to be regulatory in nature. The time is ripe to
ramp up nutrient pollution reduction in watersheds with heavy nutrient loading. This paper will present
options to address nutrient pollution from tile drainage, a significant contributor to increased nitrate
loading to Mississippi River Basin streams and to the Gulf of Mexico. While this paper focuses on tile
drainage and nitrate loading, it also addresses more broadly tile-surface drainage systems and their
loadings of both phosphorus and nitrogen with the goal of innovating practice and policy to achieve
actual and significant water quality improvements in the Mississippi River Basin (MRB).
Artificial drainage, commonly referred to as tile or surface drainage, has intensified in the
Midwest in the latter half of the 20th century, and particularly in the last decade. Drainage allows for
higher yield and productivity on wet soils, serving as an incentive to convert lands, including wetlands,
which were considered marginal for farming into row crops. While drainage has been a profitable
practice for farmers, it is now understood to be a major factor allowing increased levels of nitrogen,
especially nitrate, and in some cases phosphorus, to reach water bodies, including eventually, the Gulf
of Mexico.
Drainage can increase agricultural production by altering normal hydrological flow so that soils
are well-drained and more suitable for growing high-yielding crops. Unfortunately, drainage also allows
water and nitrates to move quickly through the soil profile and the drainage system to reach streams
and other surface waters. In the past couple of decades, research has documented the impact of tile
drainage on increased nitrate loading. For example, a 1999 United States Geological Survey (USGS) study
noted that:
“The flux of nitrate to the Gulf has approximately tripled in the last 30 years with
most of the increase occurring between 1970 and 1983…The principal source areas of
N are basins in southern Minnesota, Iowa, Illinois, Indiana, and Ohio that drain
agricultural land….... Agricultural drainage plays a major role in transporting nitrate
from cropland to streams in the MRB.”2 - USGS
A 2010 study by David et al used modelling to examine the sources of nitrate yields in the MRB and
found that the “greatest nitrate N yields corresponded to the highly productive, tile-drained cornbelt
from southwest Minnesota across Iowa, Illinois, Indiana, and Ohio.”3
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Excess nitrogen (N) is the primary pollutant of concern in coastal marine hypoxia, while excess
phosphorus (P) causes eutrophication and algal blooms in freshwater lakes, leading to hypoxia. Both N
and P can be contributing factors in both environments, depending on the relative amounts of
biologically available N and P. While overland flow and increased flow in ditches and streams (triggering
phosphorus-laden soil erosion) and surface water runoff is the primary transport pathway for P, studies
have shown that agricultural drainage is also an important contributor of dissolved reactive
phosphorus (DRP),.4,5 It was the increase in DRP which led to an outbreak of toxic algae in Lake Erie and
shut down the water supply for the city of Toledo for several days in the summer of 2014.6
Artificial surface and tile drainage has also facilitated increased conversion of the MRB’s
remaining wetlands to row crops, to the detriment of biodiversity, fish and wildlife populations, flood
storage, and water quality. A US Fish & Wildlife Service (USFWS) report found that 37,700 acres of
wetlands were lost to upland agriculture in the Prairie Pothole Region (PPR) between 1997 and 2009.7
“Farmed wetlands were very vulnerable to drainage for agricultural crop production
because they were usually small, in close proximity to existing farm field operations
and could be easily drained, usually without penalty under existing regulations.” USFWS
Tile drainage has increased to a tremendous extent, particularly over the course of the past half
century. The 2012 Agricultural Census revealed that more than 48 million acres are tile-drained and 42
million are artificially-drained by ditches.8 Within Upper Mississippi River Basin states, approximately
34% of cropland is tile-drained and 13% is artificially drained by ditches; a total of 60 million acres are
drained within the Upper MRB. (See Table 1 for the complete list of drained acres by MRB state.) These
drainage figures do not include the tile and ditch drainage that is occurring in the James River, Big Sioux
River, and Vermillion River watersheds of the Dakotas that also contribute flows and pollution to the
MRB. Essentially, the extent of artificial drainage is so great that, unless its negative impacts are
intentionally countered by best management practices (BMPs) through large scale initiatives, water
quality in the MRB will continue to decline.9
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Overview of Best Management Practices in an Artificially-Drained System
Artificial drainage is only part of the water quality problem in the MRB. The increase in tile
drainage is driven by intensive row-crop production, which is driven by high crop prices and technology
driving increased yields through drainage. This intensive crop production, in turn, fuels increased flows
and in-stream soil erosion, as well as poorly-timed or excessive application of fertilizer and manure.
Some of the solutions are the same in all cropping systems, tile-drained or not: follow a nutrient
management plan, use conservation tillage on highly erodible land (or avoid planting such land), keep
the land covered with a cover or perennial crop. However, this section will discuss these and other best
management practices particularly in terms of their implementation in a tile-drained cropping system.








Drainage management
Bioreactors
Constructed wetlands and restored wetlands
Cover crops
Nutrient management
Reduced tillage
Saturated buffers

We will discuss each of these practices in terms of their adoption status, cost, water quality impact,
advantages, and disadvantages. See Table 2 for a quick comparison.

Drainage Water Management
Drainage water management (DWM) controls the flow of tile drainage water with in-field water
control structures, and is meant to provide the farm options that conserve and store water on the land
during winter, when drainage isn’t necessary for crop production, or during the growing season, when
more water needs to be conserved for the crop (well-drained soils are more critical during planting and
harvest). Holding water on the land and in the soil and maintaining a higher water table reduces the
volume of water reaching ditches and streams, and thus, can reduce total nitrate loading to streams.
While these reductions vary by regional precipitation and temperature, a 2012 USDA study of drainage
management in Iowa found that it reduced tile flow by 21% and nitrate load leaching by 29%.10 A study
by Kieser & Associates states that DWM could reduce nitrate losses by 16 pounds/acre.11
The practice costs between $20-90/acre to implement, although NRCS offers assistance for
planning and installation.12 Based on a 30% reduction in nitrates removed, Cooke et al. found that the
practice costs $0.66-4.17/lb of N discharge avoided13 Kieser & Associates distinguishes between the cost
of retrofits and new installations, estimating retrofits to be more expensive at $93/acre while new
installations are $88/acre.14 DWM may result in increased yields and greater profits for the farmer,
which could give farmers incentives to install systems at their own expense.
DWM won’t work on all tile-drained acres; it is best suited for flat land, with less than 2% slope,
and it may not be effective under prolonged wet or dry conditions.15 Kieser & Associates found that 7.2
million acres of cropland in the Upper Mississippi and Tennessee-Ohio watershed are suitable for DWM,
while USDA’s Natural Resources Conservation Service (NRCS) estimates that 29 million acres are
suitable.1617 As of 2013, only 8,575 acres have been installed through the NRCS cost-share program, so
there is certainly room for a tremendous increase in the use of this practice. 18
7

Expanded use of drainage water management will reduce water pollution from tile drainage, but
it is not an across-the-board solution. Moving forward, outreach efforts for DWM should be targeted
to suitable acres.

Bioreactors
Bioreactors are an edge-of-field device, but are specifically designed to reduce the amount of
nitrate leaving the field. A typical bioreactor is a trench approximately 100 feet long by 10-15 feet wide
and 2.5 feet deep, filled with wood chips or another carbon source.19 The tile water is diverted through
the bioreactor, where the carbon source and low-oxygen environment allow microorganisms to convert
the nitrates in the tile water to nitrogen gas. Bioreactors can remove 35-50% of nitrates from the
water, but there is no known impact on phosphorus or sediment.20 Also, the nitrate removal
effectiveness of bioreactors is compromised in high flow events when tile water is redirected around the
bioreactor.
Bioreactors can treat drainage water from 40-80 acres and work well in existing filter strips, so
the land use is not significant; there is little opportunity cost to the farmer.21 There is little maintenance
and operation required. After 10-15 years, the wood chips must be replaced, and the lifespan of the
trench is approximately 40 years. 22
Total cost, including installation and operation, varies; a 2013 study by Christianson, Tyndall,
and Helmers estimates total cost over a 40 year lifespan to be between $308-637 per hectare ($708$1573 per acre), and Iowa Soybean Association estimates the average total cost of installation at
$8000.2324 Environmental Quality Incentives Program (EQIP) funding, offered through NRCS, may be
available to cover 50% of the cost of installation.
NRCS estimates that at least 30 bioreactors have been installed in the states of Iowa, Illinois,
and Minnesota.25 While there is great potential to expand use of bioreactors, the cost and lack of
agronomic benefits to the farmer give little incentive for farmers to install them without a cost-share, a
significant barrier to high levels of adoption.

Constructed and Restored Wetlands
Over half of America’s historical natural wetlands (up to 90% in some states) have been drained,
plowed under, or converted to other land uses, and their many ecological and water quality benefits
have been lost. Constructed wetlands and restored natural wetlands reestablish some of the natural
water filtration, flood mitigation, and habitat value that natural wetlands provided in the past.
Wetlands, particularly emergent marshes, can be used for denitrification of nitrate and for trapping of
particulate phosphorous loads from cultivated fields. Key considerations are the siting of wetlands to
intercept a significant fraction of the nutrient load and whether the wetlands are sufficiently large to
treat the loads they receive. While wetlands have been shown to efficiently trap phosphorus associated
with suspended particles, their capacity to trap dissolved phosphorus is more variable. Wetlands are
generally less effective at retaining dissolved phosphorous than at removing nitrate. There is widespread
potential for restored wetlands to intercept agricultural drainage and reduce nutrient export to
downstream waters in the MRB.26
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Restored natural wetlands have been shown to reduce nitrates by about 50%.27 While
constructed wetlands are often smaller and less characteristic of natural wetlands, research by The
Nature Conservancy (TNC) has shown that constructed wetlands in Illinois can reduce nitrates and total
nitrogen by 18-44%, and phosphorus by 57-68%.28 However, nutrient removal effectiveness depends
upon proper siting, design, and maintenance, and long-term effectiveness may be affected by flooding
or other disturbances over time.
TNC has found that its costs of construction, seeding, and tile work associated with building
several Conservation Reserve Program (CRP) CP-39 wetlands is highly variable, but TNC estimates the
average cost at about $14,500/acre.29 While the Farm Services Agency (FSA) offers attractive federal
incentives for establishing wetlands under the CP-39 program, 30 TNC has found significant gaps between
these FSA reimbursements and the actual costs of the wetland construction. To increase the
establishment of CP-39 wetlands, FSA reimbursement rates need to be updated to reflect current
contractor rates.31
Recent studies of Iowa CREP wetlands designed and sited to reduce the N runoff they receive
from tile drains shows that on average these wetlands reduce NO3 loads by about 50%, and do so at an
average cost of $1.26 per lb. This analysis confirms that these wetlands are a cost-effective way to
reduce NO3 loadings and should remain a tool for enhancing water quality even in the face of high
cropland prices, and without any consideration of the additional environmental benefits these wetlands
provide for wildlife habitat, carbon (C) sequestration, and flood water retention.32 As of 2012, the FSA
had enrolled over 300,000 acres in farmable wetlands, mostly in MRB states, if the Dakotas are
included.33 With assistance from federal and state programs as well as conservation organizations,
there is potential to expand wetlands construction and restoration for nutrient removal in the MRB, but
with limited financial resources, use of constructed wetlands must be planned carefully to maximize
their effectiveness in improving water quality.

Cover Crops
Cover crops are a versatile practice that can be adapted to work in almost any climate and
cropping system with water quality benefits. Cover crops are a non-cash crop included in usual crop
rotations for conservation purposes or for soil health benefits. By holding the soil on the land and
keeping more nutrients near the surface soils taking up nutrients, cover crops reduce the amount of
nitrogen and phosphorus that reach surface and subsurface water. They also improve the ability of the
soil to hold water, reducing overall flow to streams.
Cover crops reduce nitrogen and phosphorus loading, but the water quality impacts will vary
along with the management and land characteristics. USDA Agricultural Research Service (ARS) research
found that cover crops have the potential to reduce nitrate losses from tile-drained fields by 43%.34 The
Iowa State Nutrient Reduction strategy estimates that, if cover crops were planted on all corn-soybean
and continuous corn acres in Iowa, they could reduce N loading by 28% and P by 50%.35
The cost of seed, planting, and terminating cover crops can be between $30-50 per acre.36
However, a survey by USDA’s Sustainable Agriculture Research and Education (SARE) revealed that many
farmers report a 5-10% yield boost following cover crops.37 The 2015 survey reports a statistically
significant average 2-5% yield boost following cover crops.38 SARE estimates that this yield increase
could result in a $35 per acre return for corn and a $28 per acre return for soybeans, reducing the
9

overall cost. Cover crops can also result in reduced input costs for fertilizer and weed or pest
management, or provide forage for cattle. For these reasons, many farmers (at least 60% according to
SARE) are willing to pay for cover crops out of their own pocket, without receiving a cost-share.
Due to these agronomic benefits, cover crops have become increasingly popular, and reports
have shown that their use has doubled or even tripled in recent years.39 However, changing farm
practice to properly manage cover crops requires high initial investments of time, and cover crops are
still perceived as a risk by many farmers. The 2012 Agricultural Census revealed that cover crop adoption
in terms of total cropland acres is still low; only 3.4 million acres, less than 3% of total cropland, are
planted to cover crops in the Upper MRB states.40
Increasing cover crop adoption has the potential to significantly improve water quality in the
region, but even an exponential increase can only go so far toward reversing freshwater eutrophication
and Gulf hypoxia. Cover crops, like most BMPs, have limited impact during increasingly frequent storms
and floods, and can only do so much to reduce the tremendous amount of excess nutrients reaching
streams and rivers.

Nutrient Management
Nutrient management is more difficult to define than other BMPs, but on row crops, the term is
usually applied to choices made for fertilizer and manure application, including rate, timing, and method
of nutrient application. The concept of nutrient management is sometimes used interchangeably in
agricultural conservation as the “4 R’s” principle; using the “right” source, right timing, right place and
right rate of fertilizer and manure application. However, it can also refer to manure management on a
livestock operation. Nutrient management is often practiced in combination with other practices, like
cover crops, that benefit soil health. Drainage management can also complement nutrient
management, as it controls the retention of nutrients in a field.
Due to the nebulous nature of the concept, field variability, and lack of monitoring data, it is
difficult to assess the water quality impacts of nutrient management practices. For the purposes of this
paper, we will refer to a science assessment of the Iowa Nutrient Reduction Strategy.41 This assessment
was based on a literature review and scenarios of nutrient load reduction potential from a baseline of
estimated existing conditions, incorporating, for example, estimates of nutrient applications, crop
rotation, and the extent of tile drainage in the baseline assessment. The assessment calculated the
potential impact of N and P management practices on nutrient loading.
For nitrogen (N), the assessment found that alterations in timing of N application (changing from
fall to spring application, for example) resulted in little reduction in nutrient loading, and in some years,
an increase. The assessment states that reduction in the rate of N applied is more promising, with the
potential to reduce nitrates by 9%.42
For phosphorus (P), the assessment mainly focused on erosion control practices to manage loss,
including tillage and cover crops. The assessment found that P rate reduction in certain regions could
reduce phosphorus by 7% from the baseline.43
We will not generalize the cost of nutrient management practices because they are so specific
and variable. For example, a simple reduction in the rate of nutrients applied should result in cost
savings for the farmer, and if calculated correctly, should not result in a decrease in yield. However,
10

changing the timing of application from fall to spring could result in increased input costs to the farmer,
due to the discounts offered for fall application.
The status of nutrient management implementation is similarly difficult to ascertain, but it is
certainly far below optimum.44, 45 The NRCS Conservation Effects Assessment Project (CEAP) found that
while most MRB acres have some form of N or P management, only about 13 percent of acres met full
nutrient management criteria for both, including consistent rates, timing, and method of application,
and that 47% of acres needed additional management.46 According to a 2014 study by Osmond et al,
“Farmers were found to be hesitant to apply N at university-recommended rates because they did not
trust the recommendations, viewed abundant N as insurance, or used recommendations made by
fertilizer dealers.”47 A Natural Resources Conservation Service (NRCS) report on barriers to adoption of
nutrient management practices also found that farmers are skeptical of the science behind nutrient
management and the role of “Big Government” in developing recommendations.48 There is also
resistance to limiting manure applications in excess of soil phosphorus requirements, at least in part due
to the manure waste management needs of Concentrated Animal Feeding Operations (CAFOs).49
While nutrient management has significant barriers to adoption and variable impacts on water
quality, it still must be part of the solution to excessive nutrient loading to tile drainage and surface
water. Reducing fertilizer and manure inputs in modern agricultural systems is not a solution to high
nutrient loads, but it is an important first step in reducing nutrient loads from agricultural fields into
streams and rivers.

Reduced Tillage
Literature shows that no-till or reduced tillage systems may not have a significant impact on
water quality in surface drainage and tile lines. A 1995 study by Randall and Iragavarapu compared notill and conventional tillage systems in a tile-drained system in Minnesota over eleven years; the study
concluded that tillage practices had minimal impact on nitrate losses to subsurface tile flow.50 In Iowa, a
study by Kanwar et al. assessed four different tillage practices and found that tillage had little influence
on nitrate and pesticide losses to subsurface drainage water.51 Coelho et al. studied phosphorus and
sediment loading in overland and tile flow and found that less than 2% of DRP traveled through tile
drains, and that minimum tillage reduced overland phosphorus and sediment load by 3-6 fold.52 Finally,
a paired watershed study in Illinois by Lemke et al. found that an increase in BMP implementation,
including strip-tillage, resulted in no significant change in N, P, sediment, or hydrology within the
treatment watershed, after seven years of monitoring.53
From this, we can conclude that, while reduced tillage may be extremely effective at reducing
erosion and surface runoff, it is less relevant to the discussion of addressing pollution from tile
drainage. In fact, a USDA report even cautions that treatment of erosion alone through tillage or other
structural practices may actually increase nitrogen loss by rerouting it to subsurface flow.54

Saturated Buffers
Emerging practices like saturated buffers have a lot of potential and should also be considered in
the mix of BMPs for tile drainage systems. Saturated buffers work on fields with riparian buffers;
instead of discharging directly into streams, the tile flow is diverted into the soil profile beneath the
buffer and filtered. Where tile water is discharged to the buffer (rather than bypassing it), early
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research has shown that saturated buffers can remove 35-59% of the N in tile flow, as well as some
phosphorus, with fairly low implementation costs.55

Recommendations
BMPs are not being implemented to their full potential. After reviewing the practices, their status,
cost, and water quality impact, we recommend the following general approaches to increase adoption
of these BMPs.
1. It should be a goal to install at least one structural practice on every drainage outlet reaching
streams, which could be a bioreactor, a control structure for drainage water management, or a
saturated buffer.
2. Cover crops and nutrient management (of fertilizer and manure) are beneficial to farmers and
to water quality on every field, not just tile-drained acres. The current approach of outreach
and education on these practices should continue with a focus on the benefits to farm
profitability. To support increased adoption of cover crops, increased technical support to
farmers is necessary to assist in the transition to cover crops, including addressing potential risks
to crop yields.
3. Nutrient management recommendations for manure application should not exceed actual
crop production requirements.
4. Constructed wetlands are expensive to install but, like restored natural wetlands, they are highly
beneficial to water quality and have many other environmental benefits. With assistance from
federal and state programs as well as conservation organizations, there is potential to expand
wetlands construction and restoration for nutrient removal in the MRB, but with limited
financial resources, use of constructed wetlands must be planned carefully to maximize their
effectiveness in improving water quality.
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The Past, Present, and Future of Non-point Source Strategies
We have shown that several best management practices have the potential to reduce pollution
from tile drainage. In fact, short of taking land out of production or giving modern production systems a
complete makeover, there is no way to reduce agricultural pollution without the use of conservation
practices. Unfortunately, BMP implementation is still low.
Is it possible to flip the status quo from low implementation of conservation practices to
widespread adoption in the Midwest? After years of public and private investment in BMPs, can more
be done to increase adoption? Policy changes may bring us closer to achieving clean water goals, but
certain barriers must be addressed and current approaches to increase adoption should be examined,
remodeled and better funded.

The Limits of Voluntary Incentive-Based Conservation
True water-quality success stories from entirely voluntary efforts to address non-point source
pollution from agriculture are rare, if you measure success in real water quality outcomes – restored
streams, de-listed lakes and rivers, or the disappearance of hypoxic zones and toxic algal blooms. Little
progress has been made in more than 30 years of work to address Gulf hypoxia and implementing an
overarching strategy for such a large region is an enormous challenge. The failure to achieve goals to
reduce the size of the hypoxic zone heralds the need to try a new approach. It is unlikely that
continuing to rely on an entirely voluntary approach of BMP implementation will produce the desired
results.
Policy specialists have been questioning this dependency on a voluntary approach for years. In 1982,
Ervin and Ervin pointed out that voluntary programs “have not effectively met their objectives to
increase and maintain soil conservation on cropland, despite expenditures of over $20 billion since
1935.”56 More recently, USDA’s Economic Research Service (ERS) stated that, in the Chesapeake Bay,
"exclusive reliance on such [voluntary] policies has not been effective in improving water quality.”57
This is not to say that voluntary conservation programs have not made a tremendous difference to
the landscape and do not have a continuing role to play. Certainly, farm bill programs have provided a
reward for good stewardship and have prevented much greater environmental degradation than is even
now occurring. Voluntary conservation programs provide many public benefits in addition to water
quality improvements and have provided a tremendous boost to wildlife habitat on working lands. The
USDA’s Conservation Effects Assessment Project (CEAP) report on conservation practices in the UMRB is
very positive on the impacts of voluntary conservation practices, stating that farmers “have made
significant progress in reducing sediment, nutrient, and pesticide losses from farm fields through
conservation practice adoption.”58
However, the CEAP assessment also makes it clear that more than half of the 63 million acres in the
UMRB still need additional conservation treatment, and that nitrogen loss through leaching is still a
major source of concern.59 The CEAP modelling approach did not assess some practices specifically
aimed at addressing nitrates in tile drainage, such as drainage water management or constructed
wetlands, but suggests that 47% of cropped acres need additional nutrient management to address
nitrogen loss from subsurface flow.60
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Despite extensive outreach efforts and financial incentives from cost-share programs, there is
clearly still a lot of ground to cover in the UMRB. Meanwhile, federal funding for agricultural
conservation programs declines each year. The 2014 Farm Bill reduced conservation funding by $4
billion from the 2008 bill, and it is unlikely that the next one will increase spending levels.61 Even if
limitless amounts of conservation funding existed, many factors influence producer decisions on
whether or not to implement a practice; cost-share funding alone cannot purchase the level of
conservation needed.

Nonpoint Source Regulation: Barriers and Limitations
There are tremendous political barriers to the large scale success of a basin-wide regulatory
approach like the Chesapeake Bay Total Maximum Daily Load (TMDL) that includes adoption of
enforceable pollution reduction limits within and across local and state governments. The time, expense
and difficulty of developing the monitoring, scientific data and modeling to support enforceable
pollution reduction limits, developing and executing conservation practices and pollution controls to
meet the pollution limits, and monitoring and enforcing compliance with the pollution reduction limits
to achieve overall basin-wide pollution reduction are also major barriers to success. Given these
barriers, adoption of a one-size-fits-all regulatory approach on a scale as broad as the entire MRB seems
particularly daunting.
On a smaller watershed scale, with a focus on localized water pollution concerns, the potential for
achieving water quality improvements following adoption of regulatory measures should be greater.
It may also be easier to adopt, implement, and enforce nutrient pollution limits and to measure progress
toward achieving water quality goals. One example that has been successful is the approach taken on
the Central Platte River Valley in Nebraska, which once had high levels of nitrate contamination in the
groundwater. Nebraska passed a state law in 1981, the Groundwater Management and Protection Act,
then revised that law in 1986 to authorize local Natural Resource Districts (NRDs) to form management
areas and require implementation of best management practices.62 In 1992, fall and winter nitrogen
applications were banned, and the rate and application method of spring applications were also subject
to regulation. The Central Platte Natural Resource District developed a groundwater quality
management plan and used a phased approach, increasingly restrictive at each phase. Over time, the
nitrate levels in the aquifer decreased.
There may be the potential and the need to implement similar strategies on the local level in the
UMRB, especially when nutrient pollution threatens drinking water sources, as in the Raccoon River
watershed near Des Moines. In 2015, the Des Moines Water Works filed suit against several Iowa
drainage districts in an effort to force significant nitrate pollution reductions from drainage systems
triggering excessive nitrates in the drinking water supply of some 500,000 citizens in the metro Des
Moines area.63
Minnesota’s experience with its 2015 Stream Buffer Law illustrates the resistance to requiring BMPs,
even when requirements are flexible and come with taxpayer financial support. Minnesota passed a
widely supported stream buffer bill in 2015 that identified about 110,000 acres of Minnesota land for
water quality buffer strips, required new perennial vegetation buffers of up to 50 feet along rivers,
streams, and ditches to filter out phosphorus, nitrogen, and sediment, provided flexibility and financial
support for landowners to install and maintain buffers, and was designed to boost compliance with
existing buffer laws across Minnesota.64 Less than one year after passage, agricultural groups reneged
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on the agreement to buffer private ditches and lobbied hard against the buffer requirements for them.
The state resource agencies were forced to back off of these buffer requirements all the while
acknowledging the need to buffer these ditches to reduce their nutrient pollution discharges to
Minnesota waters.65

Statewide Nutrient Reduction Strategies
The current approach of the Gulf Hypoxia Task Force, coordinated by a committee of
state and federal agencies, emphasizes nutrient reduction strategies for each state in the MRB, which
would encourage ownership of the problem and flexibility to meet goals at the state level. In 2008, the
Task Force charged each member state with developing a nutrient reduction strategy by 2013. In early
2014, EPA’s Office of Internal Governance (OIG) audited this approach and found that most of the MRB
states had not yet completed a strategy.66 By late 2015, most of the mainstem MRB states had
completed strategies, while Arkansas, Kentucky and Tennessee have completed draft strategies.
EPA’s OIG Report provided a basic framework to aid the states in developing the strategies,
suggesting that each state prioritize watersheds for N and P loading, set load reduction goals, report
implementation activities annually, and develop a work plan for developing numeric criteria.67 The OIG
report also recommended that the task force emphasize measurement systems for state strategies and
augment the state’s emphasis on local waterways with a focus on the larger watershed. State nutrient
reduction strategies that incorporate and implement these important elements have the potential to
significantly advance nutrient pollution reduction in the MRB. The state strategy development process
in Iowa, for example, fostered healthy research and policy discussion and generated concrete state
goals, objectives, and priorities. However, the Iowa state strategy is still based on voluntary
conservation measures, lacks enforceable nutrient pollution reduction limits, and on its current
implementation trajectory, there is no guarantee that Iowa will achieve sufficient nutrient pollution
reduction from Iowa sources to solve local nutrient pollution problems or contribute to solving the Gulf
Hypoxia problem. Statewide nutrient pollution reduction strategies need to be strengthened and fully
implemented to successfully trigger significant nutrient pollution reduction in the MRB.
We will explore how these strategies can serve as a platform for improved communication,
watershed governance, and coordination among states and watersheds, as well as pollution reduction
within the MRB later in this paper.

The Future of Performance-Based Strategies
A performance-based strategy emphasizes results and outcomes, while a practice-based or
design-based strategy focuses on management actions in service of the final result. According to a USDA
Economic Research Service (ERS) report, performance-based policies may be more efficient and
provide more flexibility to farmers than a practice-based approach.68 Some examples of performancebased policies are:




Effluent limits,
Pollution taxes, and
Payments for pollution reductions or water quality improvements.69
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Very few performance-based policies have been implemented for nutrient reduction so far, but
there could be an increase of these strategies in the future. California’s nonpoint source program is one
of the few state-level performance-based policies, designed to limit nutrient pollution discharges.
California’s Porter-Cologne Water Quality Control Act of 1969 authorizes the regulation of nonpoint
source pollution, giving California the authority to issue permits and require dischargers to follow
implementation programs (NPS plans).70 Nitrogen and phosphorus discharges are regulated through this
nonpoint source program, as well as pesticides and some other pollutants. Permits and plans are
enforced through regional boards and a system is in place to deal with violations, which could result in
fines if the violation is not addressed. Environmental Law & Policy Center evaluated the program in a
2010 report, in which they praised the design of the program but also pointed out the need for
improvements in enforcement and documentation of results.71
Similar programs could be implemented in the MRB, but they would depend on the authority to
regulate nonpoint sources. Their adoption, acceptance, and enforcement also depend on monitoring,
measurement, and sound modeling of nutrient pollution loads and load reductions in order to support
and enforce the discharge limits imposed, and to demonstrate effective long-term nutrient pollution
reduction. Without reliable monitoring and accountability systems in place, regulatory programs such
as these may not achieve the desired water quality results. There are tremendous political barriers to
passing state laws like the Porter-Cologne Act in the Midwest. Nevertheless, if drinking water supplies
are threatened, public attitudes will likely shift in favor of such regulations.
Even where state laws are enacted, when states share a water resource like the Mississippi River
and its tributaries, it is important that the states each “pull their weight” in terms of nutrient pollution
reduction if water quality improvements are to be achieved. This basic premise is at the heart of the
Clean Water Act, which sets basic uniform minimum water quality standards across the states. While the
Clean Water Act does not require permits for non-point source pollution, it does authorize the
establishment of Total Maximum Daily Load (TMDL) watershed cleanup plans for waters that are not
meeting water quality standards, and these TMDLs can be adapted to set performance-based standards
for non-point sources as part of a watershed cleanup plan. Once again, monitoring, measurement, and
sound modeling of nutrient pollution loads and load reductions is essential in order to support and
enforce the discharge limits imposed, and to demonstrate effective long-term nutrient pollution
reduction. See TMDL discussion below.
Ideally, a performance-based pollution tax would be based on a calculation of surplus nutrients
leaving the farm, which is not the same as an input tax - on fertilizer, for example. While similar taxes
have been applied to urban stormwater, we cannot point to an adequate example of a tax on
agricultural sources, perhaps due to political barriers and difficulty of implementation.72 The Dutch
government briefly tried an approach called the Mineral Accounting System (MINAS), which was
targeted to nitrates but based on amount of nutrient inputs minus outputs, in the form of crops and
livestock.73 The approach failed in 2006; it was deemed ineffective to protecting water quality, unfair to
farmers, and it required enforcing strict manure application standards. Despite the lack of success with
pollution taxes, some policy experts still point out the advantages of such an approach, as it is a marketbased solution that requires the polluter to pay, rather than the taxpayer.7475
Tile and surface drainage systems are defined water conveyance systems with discrete outlets at
which nutrient concentrations in water flows could be measured and taxed directly. Despite the
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tremendous political barriers in most areas, a shift in public sentiment due to concern over a threatened
drinking water supply could create opportunities to test the effectiveness of a pollution tax on tile and
surface drains in some MRB watersheds where drinking water is threatened, such as the Raccoon River
in Des Moines. If such a tax were tested, it would also be important to monitor at least a representative
subset of both tile drain and surface drain outlets to tributary streams and lakes.
Performance-based payments remain more politically feasible, as they are voluntary. Winrock
International has a pilot program in the UMRB that pays farmers per pound of nutrient reduced, rather
than directly for practices.76 While the program does make use of in-stream and edge-of-field
monitoring, the payments for phosphorus reductions are based on estimates. Nitrogen management is
tested with an end-of-year cornstalk nitrate test. The program is designed to be more flexible and costeffective than paying for practices. The project showed that when farmers are involved in calculating
their nutrient loss from various practices, they learn new things about their farms and are able to save
money while improving water quality. This approach could be very useful in managing nutrient loss
through tile-drainage, as BMP effectiveness could vary greatly at the field level. So far there is not
sufficient research comparing pay-for-performance to pay-for-practice incentive programs. For example,
would the cost and effort of monitoring and implementing the program on every field be translatable to
larger watersheds? A paired watershed study that monitors water quality, transaction costs, costs per
pound of nutrient reduction, and adoption rates between traditional pay-for-practice and pay-forperformance approaches would be very valuable in deciding the future of this approach.

A Comparison of Existing Policy Tools
We have given an overview of current broad policy approaches to addressing fresh water
eutrophication and Gulf hypoxia and some of the major barriers to creating effective public policy that
will address the negative impacts of tile drainage. However, these barriers can be overcome or
circumvented. Here we will discuss policy tools with the potential to tackle nutrient pollution in the
MRB, and the advantages and disadvantages of each. See Table 3 for a side-by-side comparison of each
policy.

Minnesota Agricultural Certification Program
“Certainty programs” are so-called because they offer producers certification of compliance in
advance of any state or federal water quality laws. The programs are entirely voluntary, but would not
exist without the threat of future regulation. Several states offer certification programs, including
Maryland, Michigan, New York, Louisiana, and Texas, but we will focus on the recently-developed
Minnesota Agricultural Water Quality Certification Program (MAWQCP).
Enrollment in the Minnesota program requires a 10-year commitment to implement a suite of
conservation practices on the whole farm.77 Each field and each crop that may be in the field is assessed
using a computer model that evaluates field physical characteristics, nutrient management, tillage
management, pesticide management, irrigation management, drainage management, and conservation
practices, and scores each field/crop on an index of 1-10, a higher number indicating a lower risk to
water quality. All fields/crops must score higher than 8.5 to receive certification, and each farm is
verified by a licensed certifier for the final step of the certification process. Tile drainage is included in
the assessment, and will reduce the overall score if tile drains are present and left untreated. Scores on
tile-drained farms may be boosted if drains are treated with drainage water management or similarly
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effective conservation practices. In Minnesota, agricultural certification began on a pilot basis in a few
Minnesota watersheds in June 2014. By May 2015, 41 farms had been certified, establishing 145 new
conservation practices on about 23,000 acres.78 Minnesota’s Department of Agriculture expanded
eligibility for certification statewide in 2015.79
The program has the advantage of identifying and tailoring water quality practices to reduce
water quality risks, taking into account unique agricultural systems and physical characteristics on a
parcel-by-parcel and crop-by-crop basis. The program is appealing to farmers because it rewards them
not only with regulatory certainty, but also with recognition for good stewardship. It also offers
technical assistance and guidance on implementing specific conservation practices.
While this technical assistance is valuable, to the producers and potentially to the level of water
quality benefits, these customized certifications are also very time and labor intensive – at taxpayer
expense. Furthermore, a late 2015 assessment of the water quality potential of the Minnesota
certification program concluded that the program “does not currently protect water quality standards
for nitrate.” The study found that “every location with tile monitoring significantly exceeded the safe
drinking water standard for nitrate (ranging from 1 ½ to 5 times the standard) and several of these
locations scored high enough to certify.” The study recommends numerous specific actions to improve
the nutrient reduction effectiveness of the Minnesota Certification Program, including tightening up the
scoring of nutrient reduction best management practices, stepping up monitoring and modeling to
estimate the pollution reduction potential of certification efforts in targeted watersheds, and improving
transparency and accountability.80
While implementation is still low and pollution reduction effectiveness is uncertain, certification
programs have great potential to enlist farm operations in effective nutrient reduction practices, if
nutrient reduction standards are set high and nutrient reduction practices are deployed and maintained
where they will be most effective. These programs will likely be more successful if they can be coupled
with private sector investment through the supply chain. As consumers express preferences for food
products grown, harvested, prepared, and packaged in an environmentally sustainable manner that
protects soil and water resources, food industry corporations should be motivated to invest in
certification for producers in their supply chain. For example, purchasers in the food industry wishing to
boost their own corporate sustainability image and practices could offer incentives or require their
producers to receive certification, driving greater farm-level investment in soil and water stewardship.
Because the Minnesota program has a systems-approach focused on water quality, it is likely to drive
improvements in water quality if certification standards can be strengthened and the program is
implemented on a broad scale.

Total Maximum Daily Load (TMDLs)
The Clean Water Act requires states to set standards for local water bodies, make a list of
impaired waters that fail to meet those standards, and then develop a Total Maximum Daily Load
(TMDL) cleanup plan for impaired waters. The TMDL sets the maximum amount of a particular pollutant
that a water body can receive in order to meet its water quality standards. For example, the
Chesapeake Bay TMDL sets a Bay watershed-wide limit of:



185.9 million pounds of nitrogen (25% reduction),
12.5 million pounds of phosphorus (24% reduction), and
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6.45 billion pounds of sediment per year (20% reduction).81

While TMDLs are regulatory in nature, the Clean Water Act does not require enforcement of
TMDL nonpoint source controls. However, a state may choose to implement a TMDL through state
implementation plans that regulate or otherwise limit the amount of nutrient pollution that can reach a
water body from nonpoint sources as well as point sources. This watershed-based accountability
framework for non-point source pollution is a primary strength of TMDLs, but it is also a major reason
for the tremendous political opposition to TMDLs from the agricultural community.
After the TMDL has been developed, the next step is development of a Watershed
Implementation Plan (WIP) to meet the TMDL goals. These plans are often referred to as TMDL
projects. There is no TMDL for the entire Mississippi River Basin, although there are many TMDLs for
water bodies within the MRB and for watershed sections of the Mississippi.82
Development of TMDL plans can take years and their implementation is historically inconsistent.
Some TMDL plans, like that for the Chesapeake Bay, are pursued aggressively, backed by strong
scientific analysis and modeling and setting and achieving timelines and milestones, while others are left
on the shelf.83 Even TMDLs with solid accountability frameworks can fall short of achieving nutrient
pollution reduction goals, largely due to the challenging nature of reducing significant nutrient loads
from agricultural run-off. A recent study of Chesapeake Bay TMDL implementation data finds that the
failure to significantly curb nitrogen loading from agricultural sources in Pennsylvania could threaten the
success of the TMDL cleanup plan Baywide.84
TMDLs can also be costly. One 2001 EPA report estimated the average cost of TMDL
development alone to be $52,000, with TMDL development costs ranging between $26,000-500,000.85
TMDL development costs for more effective TMDLs will likely exceed this estimate, but the
environmental benefits of effective TMDLs will likely increase as well.
Another barrier to developing adequate TMDLs to address nutrient pollution is that many states
do not have EPA-approved numeric criteria for nutrients. Within the UMRB, only Wisconsin and
Minnesota have developed statewide phosphorus criteria. Illinois and Missouri have partial statewide
phosphorus or nitrogen criteria for lakes and reservoirs. Iowa, Indiana, and Ohio do not have any
nutrient criteria.86 Despite the lack of numeric criteria, many TMDLs have been developed in the MRB
for excessive nutrients. Some watersheds have been listed for nitrates based on drinking water
standards. For example, in Iowa, the South Skunk watershed is listed as impaired for nitrates, though no
TMDL has been developed yet.87 In Illinois, the North Fork of the Vermilion River and Lake Vermilion are
used for drinking water; consequently, a TMDL has been developed for nitrates due to exceedance of
the drinking water standard of 10 mg/L.88 The same is true for the Sangamon River above Lake Decatur,
Illinois.89
Despite these limitations, TMDLs provide value by offering a framework for watershed-scale
nutrient pollution reduction planning and quantitative goals that, if achieved, could result in real
nutrient pollution control outcomes. The TMDL and state implementation planning process can be a
great resource and an opportunity to involve watershed stakeholders in pollution reduction, drinking
water supply protection, and aquatic resource restoration. The creation of TMDLs can also open up
funding opportunities with the EPA’s Clean Water Act section 319 program, which offers funding for
watershed projects in listed, impaired waters.90 A TMDL watershed-based accountability framework is
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among the tools being considered to curb excessive nutrient pollution in the West Lake Erie watershed
that is threatening drinking water and aquatic life in the Maumee River and West Lake Erie.91

Wisconsin Phosphorus Rule
Wisconsin’s Phosphorus Rule, created in 2002 and updated in 2010, applies to both point and
non-point sources. The following rules apply to crop production:






All cropland must maintain a soil erosion rate less than or equal to the “tolerable” T rate,
No tillage can be conducted within 5 feet of surface waters,
All crop producers must average no more than 6 and not exceed 12 on the Wisconsin
Phosphorus Index, a tool that measures phosphorus runoff based on a field conditions, crops,
tillage, and nutrient management, and
All crop producers must comply with a nutrient management plan.92

The rule does not address drainage practices, and the P index only calculates overland flow.93
Still, the rule might serve as a model for states or regions to regulate nitrates in tile drainage. It
combines regulation of practices, like the tillage setbacks, with a performance-based standard, the P
index, which would allow producers to choose their own mix of practices to meet the standard.
For difficult practices and for producers with financial need, the law requires that the state provide
up to a 70% cost-share. Total cost of implementing the non-point source portion of the rule is not
available. However, Wisconsin’s adaptive management approach is meant to combine regulation of
point sources and nonpoint sources for the least-cost option; its actual cost-effectiveness should and
most likely will be assessed in the next few years.

Water Quality Trading
If they are designed to significantly reduce overall nutrient pollution loads in a watershed, then
water quality trading programs offer a means to reduce nonpoint source pollution by providing a
market-based funding mechanism for enhanced application of BMPs. If water utilities and other point
sources face burdensome costs for treatment upgrades that provide only marginal nutrient pollution
reduction, it may be less expensive and equally or more effective to reduce nutrient loading through
additional targeted BMPs paid for by regulated point-sources, as long as trade ratios are designed to
achieve real net nutrient pollution reduction through more than a one-to-one trade. For example, one
effective mechanism might be a trade ratio that requires the purchaser (treatment plants) to buy credits
from farmers for three times the amount of nutrient reductions than is required by the nutrient
criteria.94
Water quality trading is being tried in Ohio where utilities in the Great Miami River Watershed
were facing $422 million in upgrades to treatment plants to meet pending nutrient criteria.95 These
upgrades would have resulted in significantly higher consumer prices and still would not have addressed
nutrient pollution coming from non-point sources upstream. The cost to achieve the necessary
reductions through conservation practices was estimated to be $50 million.96 In order to achieve the
pollution reductions for a much lower cost, the Miami River Conservancy District developed a pilot
water quality credit trading program to pay farmers for conservation practices. The program has
achieved 572 tons of nutrient reductions.97
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The program is still in the pilot phase and nutrient criteria are still pending. It’s overall impact
and longevity is uncertain, as the trading program relies on EPA and USDA grant funding for
administration. Other trading programs in the United States are in similar phases of early development
and with uncertain futures with the trading markets not being fully established. Their ultimate success
may depend on the setting of numeric nutrient criteria and clear regulations governing trading. A 2009
World Resources Institute (WRI) report identified 23 active trading programs in the United States; only
5 were located in UMRB states.98 The next 5-10 years could be a critical window for water quality
trading programs to find their footing.
A WRI study by Perez et al used the CEAP APEX model to assess the potential for large-scale
interstate nutrient trading programs in the MRB. The study assumed the Hypoxia Task Force goal of a
45% nutrient reduction, and that all point and nonpoint sources had first met their individual
requirements to meet that goal.99 The model included conservation practices that would address
pollution from tile drainage: drainage water management, nutrient management, and cover crops,
among others. In two different hypothetical training scenarios in Chicago and northern Kentucky, the
average cost of reducing nitrogen through BMPs was $4.50 and $11.89 per pound, and phosphorus cost
$30.35 and $26.07 per pound, respectively.100 WRI determined that “large-scale interstate nutrient
trading in the MRB could be an economically and environmentally feasible tool for helping to reduce
hypoxia in the Gulf of Mexico.”101
Can trading programs actually improve water quality, or do they simply allow point-sources to
avoid important upgrades for uncertain gains in nonpoint-source pollution reduction? This is a
legitimate question and there is certainly risk in this approach. A recent WRI report by Walker and
Selman classifies the uncertainties and risks of water quality trading:






Biophysical and scientific (do BMPs actually achieve the calculated reductions?);
Extreme events (a flood or a drought could render the implemented BMPs ineffective);
Behavioral (a default on the trade agreement on the part of the farmer);
Regulatory (if regulations change, so does the market, and also maybe the value of
previously purchased credits); and
Market (unknown supply and demand).102

Another water quality trading concern is the generation of nutrient pollution hotspots, where
nutrient pollution is allowed to persist in some parts of the watershed while being ameliorated in
others, raising issues of fairness and justice for communities burdened by these persistently polluted
areas.103
Some of these uncertainties can be addressed through built-in mechanisms to ensure that
programs achieve reductions above and beyond the business-as-usual approach, incorporating a margin
of error, and trade ratios that require the purchaser (treatment plants) to buy credits from farmers for
several times the amount of nutrient reductions required by the nutrient criteria.104
A 2015 report involving the National Network on Water Quality Trading provides important
guidance for building a successful water quality trading program. 105 This report concludes that
programs should be consistent with the 2003 EPA Trading Policy and the Clean Water Act106 and with
guiding principles that include: accomplishing regulatory and environmental goals, being based on
sound science, providing “sufficient accountability, transparency, accessibility, and public participation
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to ensure that promised water quality improvements are delivered,” producing no localized water
quality problems, and including compliance and enforcement provisions to ensure long-term success.
The report further concludes that growth in trading programs and their success in improving
water quality, will depend on the following actions, quoted below:
 Clear and consistent documentation of assumptions and decisions underlying trading program
development and operations;
 Serious consideration of watershed science and goals in guiding the practical workings of trading
programs;
 Incorporation of WQT into a suite of water quality protection goals and tools; and
 Regular, informative communications to the public to build confidence that progress is being
made toward clean water goals in a timely way.
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Drainage Districts
The installation of tile and surface drainage systems is largely governed by drainage districts –
local boards authorized by state law to manage the location of tile drainage outlets on the land and to
maintain district-wide surface drainage systems that collect flows from tile drainage outlets. To
understand them better, we will compare the governance of drainage districts in Iowa and Illinois.
Iowa Drainage Districts
 Authorization: A constitutional provision added to Iowa law in 1908, authorizing the
organization of drainage districts with the power to “construct and maintain levees, drains and
ditches and to keep in repair all drains, ditches and levees heretofore constructed under the
laws of the state…”107
 Status: Over 3000 drainage districts in Iowa
 Generation: Formed when two or more contiguous landowners petition the county Board of
Supervisors
 Funding: Paid for by property tax on land within the district
 Management: Most districts managed by county board
Illinois Drainage Districts
 Authorization: Governance began with a state law passed in 1870, and has been modified
multiple times over the years, most recently in 1955108
 Status: Approximately 1700 drainage districts in Illinois109
 Generation: Created by petition to the County Court
 Funding: Paid for by property tax on land within the district
 Management: Managed by three district commissioners who serve three-year terms;
commissioners are elected or appointed and must be landowners within the district
While the drainage districts are responsible for permitting and overseeing the construction and
maintenance of tile drainage outlets in their boundaries, they appear to have no responsibilities for
impacts of tile drainage on local water quality, except perhaps for flood control.
Drainage districts could be valuable partners in mitigating the negative impacts of tile drainage, but
it could be extremely difficult to enlist their support in this endeavor. Public statements by the Iowa and
Illinois drainage district associations make it clear that drainage is perceived to be a right, a public good,
and also to be beneficial. For example, the Illinois Association of Drainage Districts brochure states that
“our ancestors understood that drainage is an essential utility.”110 The Iowa Drainage District
Association website quotes state law from Chapter 468, Section 2, Code of Iowa: “The Drainage of
surface waters from agricultural lands and all other lands or the protection of such lands from overflow
shall be presumed to be a public benefit and conducive to the public health, convenience and welfare.”
The role of tile and surface drainage in nutrient pollution is not acknowledged publicly.
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Areas for Further Exploration
Overview of Monitoring and Information Needs
One of the major barriers to implementing a large-scale strategy in the MRB is the lack of
information on practices going in and being taken off of the landscape. USDA collects information at
the state and sometimes the county level on some conservation practices, but that information is not
always available to the public and to watershed managers. Furthermore, even when data on installed
conservation practices is available, data on removed conservation practices is not. As funding decreases
or when land managers decide to discontinue a practice, this information on removed conservation
practices is not collected.
Mapping of tile lines is also largely incomplete or unavailable. While the latest agricultural
census did collect data on tile drainage, that data is not currently publicly available at the county level.
The last county-level map of tile drainage was created with GIS by World Resources Institute in 2007,
and based on data from the 1992 National Resources Inventory.111 Local drainage districts oversee
construction of tile lines and govern district drainage systems, and may have detailed tile line maps, but
these are not publicly available. (See sidebar on drainage districts.)
Farm operations data is also needed to better assess pollution loads with and without
conservation practices. Farm nutrient application rates are difficult to come by and vary from site to
site. 112
Monitoring data of tile and surface drainage outlet flows and pollution loads is incomplete or
unavailable. The United States Geological Survey (USGS) has at least 40 in-stream monitoring stations
that measure nitrogen and phosphorus loading throughout the MRB, thus the status of water quality in
larger tributaries is well-documented and publicly available.113 However, monitoring of subsurface flow
and tile lines is dispersed and usually connected with specific research projects; there is no public
clearing house of available data. While some farmers may be willing to install monitoring equipment on
their land, the cost of monitoring for extended periods of time on an adequate number of farms may be
prohibitively expensive. At the same time, monitoring sensor technology is advancing and should lower
the cost barrier to expanding drainage outlet monitoring.
Given the expense of monitoring drainage outlet flows and pollution loads, the need for
monitoring and the cost per acre of this monitoring should be considered in evaluating the pros and
cons of particular BMPs and implementation approaches. For example, the need for monitoring is high
for a water quality trading approach which depends on reliable demonstrations of significant non-point
source nutrient pollution reductions. The cost per acre of monitoring will likely vary between BMPs
based in part of the size of the area treated. Compare, for example, constructed or restored wetlands
and bioreactors.
Good field data is essential to the accuracy of any model, but in the absence of good data,
models can still be used to determine the impact of conservation practice implementation on water
quality.114 While researchers place a high value on accuracy, policy makers and resource managers may
be willing to sacrifice a level of certainty to make necessary decisions. Watershed resource managers
merely need a tool to determine the level of pollution reduction needed and the best combination of
practices on the landscape to meet those water quality goals, so that they can target policies
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accordingly. Field level planners need a tool like Wisconsin’s Snap Plus or EPA’s Region 5 STEP L model
to determine the likely nutrient pollution reductions from a suite of conservation practices in a given
tile-drained field.
While there are a number of water quality models that assess the impact of conservation
practices on surface water, few of them apply to subsurface flow and tile drainage. Table 4 lists a few
of these. Each has advantages and disadvantages, and none of these models can be adequately refined
to measure phosphorus loss and transport. However, most of them can be adapted to serve as a
compass for creating a science-based nitrate reduction strategy.
Tools for assessing the impact of conservation practices on tile-drained fields can be adapted
and put to good use, but more data needs to be collected and made publicly available for the best
conservation planning. The greatest information needs are the status of conservation practices on tiledrained acres, the extent and location of tile drainage in target watersheds (i.e., those with the
highest nutrient pollution loads), and tools that assess phosphorus pathways and loss in tile-drained
systems.
Our recommended model includes an emphasis on performance-based strategies. However,
performance-based policies are still rarely applied to agricultural pollution reduction; further research
would be instructive in comparing performance-based to practice-based approaches through paired
watershed studies in the MRB. These studies should monitor water quality, transaction costs of
programs, costs per pound of nutrient reduction, and BMP adoption rates across BMPs and between
practice-based and performance-based approaches.

Improved Watershed Governance
Improved governance of watersheds across the MRB would serve many purposes, including
improving the pool of resources and information and the sharing of those resources and information
among stakeholders in the watershed. If and when the state nutrient reduction strategies are completed
in accordance with the EPA framework, they can serve as a platform to better integrate the MRB
approach to reducing freshwater eutrophication in smaller watersheds as well as addressing Gulf
hypoxia. Federal agencies and states can use the strategies to get a bird’s eye view of the targets and
milestones each state is working to achieve, and the needs that need to be met. After they are
completed, the strategies can be analyzed for gaps and opportunities to strengthen the MRB
approach and make it more consistent and more effective.
If the nutrient reduction strategies follow the EPA recommended framework and list priority
watersheds, each state can focus attention on getting necessary resources to the leading sources of N
and P loading. This may include creating nutrient criteria and reduction goals, as with the Chesapeake
Bay TMDL model, which would be enforced at the state level. These drivers should set targets, but not
prescribe specific conservation practices to achieve their goals. With the necessary motivation and
support from the state, watershed managers and other local authorities can come up with their own
implementation plans to reach quantitative water quality goals. For example, stakeholders in a
priority watershed may find that their watershed has a large number of acres suitable for drainage
water management, and that it is possible to reach their goals by installing DWM on every eligible tiled
field. Local authorities can decide from there whether and how to make DWM a requirement, or to
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fund installation through a cost-share program. Layering cover crops and nutrient management with
DWM might achieve additional gains.
State and watershed-level authorities can work together to determine the best approach to
monitor results, but monitoring will be more effective if it is consistent and planned in advance of
program implementation. Ideally, nutrient reduction strategies will help establish a framework for
management that is consistently implemented in every MRB state, recognizing some potential regional
differences (e.g., between the Upper MRB and the Lower MRB). If EPA takes the lead as a coordinator
for state level implementation of strategies to achieve MRB goals, states can in turn coordinate
watershed management to achieve statewide nutrient reduction goals by setting targets for each
watershed. At each level, leaders can establish a framework for communication, including meetings and
milestones to keep all players invested and accountable in the process. While some states already have
established watershed district governance, many have not. Some states have single mission drainage
districts as mentioned previously. Many states have soil and water conservation districts that have
relevant expertise and work at the watershed scale. Worthy of further exploration are initiatives to
enlist soil and water conservation districts as well as watershed districts to take on watershed
governance to reduce nutrient pollution reduction in concert with state and federal resource managers.
Even though some states have completed their strategies, these can and should be evaluated,
modified and amended over time to increase pollution reduction effectiveness and to make overall
nutrient pollution reduction frameworks consistent across the MRB.
In summary, our recommended model (as shown in Figure 1) would set quantitative nutrient
reduction goals and binding water quality standards at larger watershed scales, and give local
watersheds the flexibility to reach those goals and standards with their choice of practice-based or
performance-based nutrient pollution reduction policies. Of course, both approaches entail the
application of one or more BMPs at the field level.
This approach of watershed implementation and governance to meet federal and state-level
drainage basin water quality goals does have its own barriers and it is a major challenge to coordinate all
of the state and watershed level governments and stakeholders. Implementing this approach is very
time consuming and resource intensive, and requires sustained political commitment. Lack of secure
funding on the state, federal, and local level to implement such programs is a significant barrier, but may
be overcome in part through a redirection of resources.

Increase Private Sector Investment in Conservation for Water Quality
Funding from other sectors besides state and federal government will be essential to success in
the MRB. Non-profits like The Nature Conservancy, the Sand County Foundation, and the National
Wildlife Federation are heavily invested in promoting BMP use in the MRB, but non-profit resources are
insufficient to effectively achieve large scale pollution reduction through conservation practices on the
ground, even when leveraging taxpayer funded programs like the Resource Conservation Partnership
Program (RCPP). It is the private sector driving production agriculture that has the most power to
influence conservation and land use change on a scale sufficient to significantly reduce nutrient
pollution in the MRB.
Agricultural corporations are becoming increasingly sensitive to consumer concern over
sustainability, but most consumer awareness is centered on the corporations’ carbon footprint or
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treatment of animals in production. This seems so despite poll after poll demonstrating that public
concern for clean drinking water, and clean water more broadly, tops the list of environmental concerns.
Increasing consumer awareness of conservation stewardship on agricultural land and its relationship to
water quality could drive more pollution-reducing conservation practices on the ground if the private
sector gets involved. Agricultural certification programs are a prime opportunity for private-sector
investment. If the market requires or encourages agricultural certification for water quality, more
producers will enroll and these programs can expand in the MRB. Agricultural corporations would
benefit by improving their public image.
The crop insurance program, though largely federally subsidized, provides another
opportunity to create additional incentives for stewardship. The Farm Bill’s conservation title currently
requires basic soil and wetland conservation measures in order to receive federal crop insurance
premium subsidies. These basic conservation compliance requirements could be expanded to include
additional soil and water quality best management practices. In addition, many in the agricultural and
environmental community have proposed the idea of a “good-driver discount” for practices like cover
crops that improve soil health and minimize long-term risk to farm profitability. There is a lot of
potential in linking crop insurance subsidies and discounts to soil and water quality best management
practices, but these ideas are still new and untested.

Summary of Key Findings
We found several promising approaches worthy of further development that will help put the
best policies in place to drive significant nutrient pollution reduction from tile drainage.
1. We need to advocate for more publicly-available information on the status of conservation
practices on tile-drained acres, the extent and location of tile drainage in target watersheds
(i.e., those with the highest nutrient pollution loads), the amount of nitrogen and phosphorus
being discharged from private drainage systems to community drainage systems and
downstream waters, and tools that assess phosphorus pathways and loss in tile-drained
systems.
To create effective policy, decision makers need to know which lands in which watersheds to target,
what actions to take, and where to direct attention in order to maximize nutrient pollution reduction.
The National Agricultural Statistics Service (NASS) collects data on conservation and on the number of
tile-drained acres, but their location and the status of conservation on those acres is unavailable to the
public. Drainage districts may have tile line maps, but may not be willing to share that information.
Satellite photos and other technology may be helpful in mapping artificial drainage. Monitoring data and
sound modeling of nutrient pollution loads and load reductions is essential to effective long-term
nutrient pollution reduction. However, monitoring data of tile and surface drainage outlet flows and
pollution loads is incomplete or unavailable, particularly for subsurface flow and tile line effluent and
there is no public clearing house of available data. Monitoring sensor technology is advancing and
should lower the cost barrier to expanding drainage outlet monitoring.
While nitrate is still the primary pollutant of concern in subsurface drainage, it has become clear that we
need more research about phosphorus pathways in drained systems and BMPs to mitigate negative
impacts of both.
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2. Decision makers need tools that can accurately model both nitrate and phosphorus reduction
for every beneficial BMP to reduce drainage pollution, and it must be versatile enough to be
used by practitioners at the field level in various drained systems throughout the Midwest.
We should encourage development of this tool by USDA’s Agricultural Research Service (ARS),
USGS, NRCS, EPA, or another appropriate agency with the ability to also disseminate it for
widespread use.
A number of models and tools are available to predict nitrate reductions from conservation in drained
systems. However, none of them are easily accessible for decision makers at the watershed and field
level, and none of these tools are well-suited for predicting phosphorus reductions. Decision makers at
the state and watershed level need a tool that will predict the impact of increased use of BMPs on
nutrient pollution. Farmers and technical experts need field-level tools that will predict nutrient
reductions from installing conservation practices in a drained system.
3. Because performance-based policies may be the most efficient way to achieve water quality
goals, we should encourage implementation of performance-based pilot programs with
monitoring that allows for measuring nutrient pollution reduction at a small watershed scale.
Performance-based policies focus on measurable pollution reduction results, and may be more effective
than practice-based policies that focus on requiring certain types and amounts of conservation
practices. As long as the necessary pollution reductions occur, it doesn’t matter precisely which
conservation practices are installed to make that happen. Flexibility is more appealing to farmers; the
focus on results creates buy-in and makes producers aware of how their decisions impact water quality.
4. At the same time, we need to encourage more research comparing performance-based and
practice-based policies in the MRB, preferably through paired watershed studies.
Nevertheless, there are few existing examples of truly performance-based programs for pollution
reduction on agricultural land; most conservation is voluntary and focused on practices, not results.
Performance-based approaches may be more difficult to implement and monitor than practice-based
approaches. However, we know that practice-based approaches do not go far enough to improve water
quality, so it is time to try something new. More research will help, but there is no reason not to
proceed with increased use of performance-based programs and measure progress along the way.
5. Agricultural certification programs are a prime opportunity to increase private sector
investment in nutrient pollution-reducing conservation practices, and to raise consumer
awareness of soil and water stewardship that improves water quality. We recommend
increasing the effectiveness of certification programs and raising awareness of the most
effective certification programs with the sustainability programs of corporations in the food
supply chain.
Government support for conservation programs and water quality efforts can be better utilized, but
available funds are unlikely to increase in the next few years. We need other drivers and sources of
funding. Agricultural production and land use is market-driven; pollution-reducing conservation on
cropland can also be driven by the market and the private sector. Agricultural certification programs
have a lot of potential to improve the level of soil and water stewardship on cropland. If agribusiness
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offers incentives for farmers to enroll in certification programs, or even requires enrollment as a
corporate sustainability measure, the level of nutrient pollution-reducing conservation will certainly
increase.
6. We recommend further development of a policy model which would set quantitative nutrient
reduction goals and binding water quality standards at larger watershed scales in the MRB,
but allow smaller watersheds, ideally through smaller watershed governance, the flexibility to
find the best approach to achieve those goals and standards through a combination of
regulations, performance-based standards, and voluntary incentives.
Quantitative goals and standards do not necessarily have to be regulatory in nature, but they do need to
create enough impetus to drive the creation of watershed-level plans that will be implemented and will
achieve significant nutrient pollution reduction, and to direct resources where they are most needed.
For example, TMDLs do not necessarily regulate non-point source discharges, but can set water quality
goals and standards that create a driver for nonpoint source pollution reduction. As a practical matter,
state-mandated, binding pollution reductions, determined in concert with EPA and other states in the
watershed, will likely be necessary in many cases to provide the impetus for significant and lasting
nutrient pollution reductions. Decisions on how to reach those goals and standards are ideally made at
the smaller watershed level, and could be either voluntary or regulatory in nature. Local leaders need to
be invested in improving water quality in their watershed, and the EPA or state-level authorities can
encourage this by offering incentives, disincentives, coordinating frameworks, and technical and
financial support.

Conclusion
Tile drainage, surface ditch drainage, and tile-to-surface water drainage systems are a significant
pathway for nutrient pollution to America’s waters. Given the scope of the problem and the variability
and complexity of conditions, including geography, climate, cropping systems, and farm ownership and
operation, it is important to consider all options with proven efficacy and pursue strategies that
encourage significant pollution reduction through increased education, technical assistance, and
performance-based policies such as performance-based incentives, taxes on nutrient pollution, and, if
necessary, enforceable effluent limits.
It is clear that past and present voluntary approaches are not having the necessary level of
impact. There is a growing opinion that voluntary BMP adoption, alone, will not go far enough to clean
up severe nutrient pollution from agricultural sources and make U.S. agriculture sustainable. Some have
recommended taking more land out of crop production or, at the least, shifting more acres away from
intense row crop production. Research shows that water quality would benefit from more diverse
cropping systems and more perennials on the landscape. Increasing planting of cover crops and diverse
perennial crops and decreasing corn-soybean crop systems will hold more water in the soil, improve
soil health and reduce fertilizer and manure applications and pollution loadings. These cropping
systems should be encouraged through enhanced technical assistance to farmers as well as increased
private and public financing
In the meantime, we have provided some promising ideas worthy of further development and
have noted some additional research and data needed to support implementation of these approaches.
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We strongly recommend moving away from reliance on current, strictly voluntary measures, and
moving toward promoting more diverse cropping systems and markets for their products as well as
practices tied to performance-based policies. We believe a policy model worthy of further
development would set quantitative nutrient pollution reduction goals and standards at larger
watershed scales in the MRB, but allow smaller watershed-level governing bodies the flexibility to
find the best approaches to achieve those goals and standards through a combination of regulations,
performance-based policies, and voluntary incentives.
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Table 1. Tile and Ditch Drainage Acreage in the Mississippi River Basin, from 2012 Agricultural Census Data
Tile-Drained Land,
Acres

% TileDrained
Cropland

Land Drained by
Ditches, Acres

% Cropland
Drained by Ditches

Total Cropland

Us Total

389,690,414

48,566,201

12%

42,175,207

11%

90,741,408

23%

26,256,347
23,752,778
21,597,136
12,590,633
10,748,553
7,669,071
15,259,319
9,910,991

12,631,135
8,900,026
6,461,173
5,672,188
4,997,908
2,583,727
884,110
805,846

48%
37%
30%
45%
46%
34%
6%
8%

1,669,073
3,701,001
4,548,977
1,894,351
1,278,406
1,212,253
2,058,741
805,846

6%
16%
21%
15%
12%
16%
13%
8%

14,300,208
12,601,027
11,010,150
7,566,539
6,276,314
3,795,980
2,942,851
1,611,692

54%
53%
51%
60%
58%
49%
19%
16%

127,784,828

42,936,113

34%

17,168,648

13%

60,104,761

47%

Iowa
Illinois
Minnesota
Indiana
Ohio
Michigan
Missouri
Wisconsin
Total
UMRB

Tile + Ditch, Acres

% Cropland
Drained, Tile +
Ditch

State

Note: These drainage figures do not include the tile and ditch drainage that is occurring in the James River, Big Sioux River, and Vermillion River watersheds of
the Dakotas that also contribute flows and pollution to the MRB.
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Table 2. Comparison of Impacts, Status, Costs, Advantages and Disadvantages of Best Management Practices
Practice
Drainage
Management

Status
Low implementation; 8,575
acres out of 29 million
possible in UMRB.

% reduction in
N or P
N – 29

Low implementation; at
least 30 have been installed
in UMRB.

N - 35-50

Restored and
Constructed
Wetlands

Low implementation; at
least 126,460 acres
enrolled in Conservation
Reserve Program’s
farmable wetlands in
UMRB states.

N – 18-44 (up
to 50% for
restored
wetlands)
P – 57-68

Cover Crops

Implementation on the rise
but still low; less than 3
million acres or 3% of
UMRB cropland.

N – 28-43
P – 50

Bioreactors

Nutrient
Management

Saturated
Buffers

Cost

Advantages

Disadvantages

$20-90/acre

Potentially high nitrate load
reductions with proper
installation and monitoring.

Effective mostly on flat land
and not during prolonged
drought or wet conditions.

High nitrate load reduction;
little maintenance required after
installation.

High cost, no agronomic
benefits to encourage
farmers to adopt without a
cost-share.

High nitrate and phosphorus
load reduction; co-benefits for
ecological value and floodreduction.

High cost for constructed
wetlands, no agronomic
benefits to encourage
farmers to adopt without a
cost-share.

High nitrate and phosphorus
load reduction; potential
benefits to farm profitability;
can be grown anywhere.

Perceived as a risk by many
farmers; can be time and
labor-intensive.

$($708$1573/treated
acre lifetime
total cost;
$8000 average
installation cost
up to
$14,500/acre
treated
(constructed
wetlands);
$1.26 lb–1 N
treated for
restored
wetlands
$30-50/acre

Low implementation

N- 9
P-7

$0-?

Early Stages

N-35-59%
Some P
removal

?

Potential cost savings in simple
reduction of rate applied.
Can be applied in any cropping
system that uses nutrient
inputs.

Farmer attitudes and
reliance on fertilizer retailers
for rate recommendations
present significant barriers
to adoption; Questionable
nutrient reduction
effectiveness

Relatively low cost and high
nitrogen load reduction
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Table 3: Comparison of Existing Policy Mechanisms
Policy Tool

Minnesota
Agricultural
Certification
Program

Total
Maximum Daily
Load (TMDLs)

Wisconsin
Phosphorus
Rule

Water Quality
Trading

Status

Pros

Cons

2014 pilot phase. By May 2015, 41
farms certified, establishing 145
new conservation practices on
more than 23, 000 acres. Eligibility
extended statewide in 2015.

 Assessment tool based on water quality
benefits
 Systems approach
 Practices are tailored to farm;
 Practices verified
 Offers producers regulatory certainty
from future regulations and recognition
for stewardship

Many TMDL plans have been
developed in the MRB, but with
varied implementation.

 Sets a quantitative, science-based goal
 Watershed implementation plans a
valuable resource
 Create funding and partnership
opportunities that may drive better
implementation

 Time and labor-intensive
 Regulatory certainty may not offer
enough of an incentive for
participation
 Not implemented on a watershed
scale
 Certification practices may not be
consistently protecting nitrate
water quality standards.
 Expensive
 Nitrates are not adequately
addressed
 No enforcement required

Enacted in 2010 and applicable to
all producers in the state of
Wisconsin.

 Required by all producers
 Combines practice-based and
performance-based approach
 Could serve as a model for other states
and for nitrates in tile drainage.

Only a few pilot programs
operating in MRB.

 Cost-effective
 Offers a unique funding mechanism to
reach more farmers on more acres
 Rules can be built in to address
uncertainties
 Can be targeted to specific pollutant

 Wisconsin must pay up to 70%
cost-share for some practices.
 Puts county conservation agents in
difficult position of enforcement
 Still faces political opposition
 Does not consider or address P in
subsurface flow from tile drainage.
 Depends on drivers – nutrient
criteria, regulations
 Need more monitoring and
verification to address
uncertainties
 Markets still emerging
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Table 4: Water Quality Models for Simulating Tile-Drainage Systems
Model

Description

Agricultural Policy
Environmental
Extender and Soil and
Water Assessment Tool
(APEX-SWAT)

Combined models assess the fieldlevel effects of conservation practices
and in-stream loads from the field
level and extrapolate to the larger
watershed (Wang)

The Nitrogen
Simulation Model,
DRAINMOD-N II

Root Zone Water
Quality Model
(RZWQM)

Nitrogen Loss and
Environmental
Assessment Package
(NLEAP)

Simulates dynamics of hydrology and
nitrogen in tile-drained fields (Thorp).
Designed for a pattern drain system

Developed by USDA-ARS to model the
movement of water and nutrients
vertically through the soil profile and
within the crop root zone. (Tetra tech)
Purpose is to assess the effect of
BMPs on nitrate and pesticide loading.
Simulates infiltration and transport of
soil water and nitrates through surface
flow and through the soil profile.
Can be used as a management tool to
assess effectiveness of BMPs (Delgado
et al)

Advantages
 Flexible, many applicable uses.
Simulates weather, erosion, soil
carbon, crop yields
 Has a tile drainage component
 Can be used for watershed level
assessments
 Specifically designed for tiledrained fields
 Can find nitrate loss from tiledrained field
 Tillage and management
practices can be incorporated
 Similar to RZWQM but will
estimate surface water storage
 Tile drainage can be simulated
 Conservation practices can be
incorporated
 Hybrid models can be created to
simulate drainage water
management (Jaynes)
 Models surface and subsurface
flow
 Incorporates tile drainage
 Can use to assess BMPs

Disadvantages
 Uncertainties in the model
(Wang)

 Does not assess phosphorus

 Limited to corn, soybean and
wheat fields
 Not good for estimating runoff
 Does not assess phosphorus
 Does not assess phosphorus
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Figure 1: Model Framework for Mississippi River Basin Governance

EPA and Hypoxia
Task Force

States
Watershed

•Set reduction goals for each state
•Use nutrient reduction strategies as platform for governance and communication
•Guide and support states in achieving goals

•Set reduction goals for watersheds
•Create a structure for monitoring, reporting, and accountability

•Preferably watershed districts with water quality mission, possibly in conjunction with counties or
municipalities;
•Develop implementation plan and set policies in place to achieve targets within the watershed
•Monitor pollution loads, reductions, report pollution loads and reduction progress back to state
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