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ABSTRACT: Agricultural nonpoint source water pollution has long been
recognized as an important contributor to U.S. water quality problems and
the subject of an array of local, state, and federal initiatives to reduce the
problem. A “pay-the-polluter” approach to getting farmers to adopt best
management practices has not succeeded in improving water quality in many
impaired watersheds. With the prospects of reduced funding for the types of
financial and technical assistance programs that have been the mainstay of
agricultural water quality policy, alternative approaches need to be
considered. Some changes to the way current conservation programs are
implemented could increase their efficiency, but there are limits to how
effective a purely voluntary approach can be. An alternative paradigm is the
“polluter pays” approach, which has been successfully employed to reduce
point source pollution. A wholesale implementation of the polluter-pays
approach to agriculture is likely infeasible, but elements of the polluter-pays approach could be incorporated into agricultural
water quality policy.

■ INTRODUCTION
“Gentlemen, we have run out of money. It’s time to start
thinking.” Ernest Rutherford (1871−1931)
Agricultural nonpoint source (NPS) water pollution (i.e.,

pollution that reaches receiving waters through diffuse and
complex pathways) has long been recognized as an important
contributor to U.S. water quality problems and the subject of an
array of local, state, and federal initiatives to reduce the
problem.1 A crucial feature of these initiatives is that they rely
heavily on a “Pay the Polluter” (PTP) approach2 through which
financial and technical assistance to farmers are used to
encourage and support voluntarily adoption of pollution
controls.3

It has been well established that agricultural NPS policies are
not having the desired outcomes. While some water quality
metrics have improved in some agriculturally influenced

watersheds,4 others have deteriorated5 and, more generally,
outcomes remain far short of established water quality goals.6,7

The sector remains largely unregulated for water quality
protection, and is a leading cause of continuing, and sometimes
worsening, U.S. water quality problems.3,6,8,9 Agriculture’s role
is particularly important for some of the nation’s most
important water resources (the Chesapeake Bay, the Gulf of
Mexico, and the Florida Everglades) where agricultural
nutrients have damaged major fisheries and ecosystems.6,10,11

Policy reforms to improve agricultural pollution management
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are clearly necessary if water quality goals are to be
attained.12−15

It is also well-known that existing agricultural NPS policies
are not making the most effective use of the resources devoted
to water quality protection.15−18 This is a particularly important
public policy concern given the historical reliance on financial
assistance (i.e., subsidies), at a time when expenditures for
environmental and other public goods are under substantial
pressure in the search for solutions to large structural budgetary
imbalances at federal and state levels. Congress cut over $500
million from U.S. Department of Agriculture (USDA)
conservation programs in FY 2011, which have been the
dominant vehicle for subsidizing agricultural BMPs, and
additional large cuts are expected in 2012 and beyond.19,20

Policy reforms that improve cost-effectiveness must be a
priority for continued progress in managing agricultural NPS
pollution.
We explore reforms to increase the environmental perform-

ance and reduce the cost of agricultural NPS pollution policies.
We begin with a discussion of features of current policies that
limit their cost-effectiveness. These features have received
attention in prior literature, but not with concern for their
implications in an increasingly budget-constrained policy
environment. We present reforms within two paradigms. The
first involves replacing the current PTP approach with
approaches consistent with the “polluter pays principle”
(PPP), in which polluters are expected to bear control
costs.21−23 Application of the principle has been variable in
practice, with polluters in some sectors (e.g., municipal
wastewater treatment facilities) receiving some public assistance
for implementing mandated pollution controls. But agricultural
NPS programs, which do not typically involve mandates
requiring installation of costly agricultural NPS control
practices, are at the PTP end of a PPP-to-PTP spectrum.
The PPP paradigm is not costless for public agencies and
society,24,25 but it would reduce budgetary challenges inherent
in the PTP approach.
The second paradigm modifies the existing PTP approach to

enhance its impact and cost-effectiveness within a budget-
constrained environment. The modifications could facilitate a
transition from the current fiscally unsustainable PTP approach
to a fiscally sustainable PPP paradigm, given that high political
transactions costs associated with fundamental institutional
change reinforce the status quo.

■ AGRICULTURAL NONPOINT POLICIES:
BACKGROUND

Agricultural pollution policies are a mosaic of federal, state, and
local initiatives. Some are modeled on the nation’s earliest
agricultural soil and water conservation policies. However,
contemporary water quality initiatives are largely determined by
the 1972 Clean Water Act (CWA) and subsequent amend-
ments, which define the regulatory framework and the context
for point source (PS) pollution (i.e., pollution is discharged
directly into receiving waters from the end of a pipe or ditch)
and NPS pollution control in U.S. surface waters.3,26 We
therefore begin our discussion of current policy with the CWA.
The Clean Water Act. A key feature of the CWA is that it

allocates authority for PS and NPS control between federal and
state authorities. The CWA made PS pollution control a federal
responsibility, though it allowed for the delegation of this
authority to the states. PS controls are implemented through
the National Pollution Discharge Elimination System (NPDES)

that requires point sources to comply with technology-based
effluent limits. Each point source discharger must obtain a
discharge permit before it can discharge to surface waters.
Under federal regulations, large concentrated animal feeding
operations (CAFOs) that discharge directly to surface waters
though a pipe or ditch are treated as point sources and must
obtain NPDES permits.
The CWA allocated control of NPS pollution to the states.

This is of fundamental importance to the management of the
nation’s water quality problems because NPS pollution is by far
the greater form of agriculture’s water quality impacts.1,8,27

With some exceptions, the states have generally opted for
voluntary compliance strategies for agricultural NPS control,
supported to varying degree by state and federal programs for
technical and financial assistance for agricultural BMP adoption.

USDA Conservation and Water Quality Programs. The
CWA names the USDA as the primary federal source of
financial and technical assistance to reduce agricultural NPS
pollution (though not mandating such assistance be provided).
While the USDA has a long history of assisting farmers to
improve soil and water conservation, water quality has only
recently become a mission objective of USDA conservation
programs. Soil erosion to conserve soil productivity was the
defining mission of USDA conservation efforts from their
inception in the 1930s until the 1990s. In 1988 only 7% of the
cost-share assistance from the Agricultural Conservation
Program (ACP) was devoted to water quality-related issues,
while 71% went to erosion control. By 1995, ACP funding for
water quality had increased to 37%,28 reflecting growing
concerns about agriculture’s contribution to water quality
impairments.
Currently, the USDA administers several programs that pay

farmers to adopt practices that reduce polluted runoff from
cropland. The largest working land program is the Environ-
mental Quality Incentives Program (EQIP) with current annual
funding of US$1.3 billion. From 1997 through to 2004, 37% of
EQIP funds were spent on water quality and water
conservation-related practices; another 28% were spent on
managing livestock manure nutrients, which are a major source
of water pollution.28 EQIP is a popular program with farmers,
with demand exceeding available funds. In 2008, more than
$487 million in requests for EQIP fundingequivalent to
roughly 50% of what was actually spentwent unfulfilled.29

Other USDA programs that can have positive water quality
impacts include the Conservation Reserve Program (CRP) and
the recently implemented Conservation Stewardship Program
(CSP). The CRP is the largest USDA agri-environmental
program in terms of budget, and water quality benefits are one
factor (along with other environmental and nonenvironmental
concerns) that is considered when choosing cropland to enroll
into the program. However, first and foremost CRP operates as
a land retirement program (converting cropland to grassland or
forest), with water quality and other environmental outcomes
being ancillary benefits. Research has shown it to be a very
blunt and inefficient tool for addressing water quality
objectives.30

A long-standing issue for USDA programs is a failure of
technical assistance to keep pace with increases in financial
assistance. Effective use of financial assistance requires USDA
or third-parties to provide adequate technical resources to
facilitate the proper design and implementation of funded
practices. Expenditures for financial assistance increased 500%
between 1985 and 2006, whereas expenditures for technical
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assistance increased only 60%, largely due to caps imposed by
the Office of Management and Budget (OMB).31 Current
resource allocations within the conservation programs may be
limiting overall program effectiveness even without budget
constraints on direct financial assistance for BMPs.
The billions of dollars provided to farmers in the form of

financial and technical assistance over the years ($13 billion
from EQIP alone since 2002)28,32 have been associated with
some improvements in soil conservation and water quality.
Studies in the Upper Mississippi Basin, Chesapeake Bay, and
Great Lakes show that agricultural conservation practices have
reduced nonpoint source loadings.12−14 However, the same
studies also conclude that significant amounts of cropland are
still in need of improved nutrient and soil management for
water quality protection.
Water quality improvements would likely be greater if

funding levels were increased. But it is not clear that this would
be a good investment, as traditional federal conservation
programs have serious weaknesses as cost-effective water
quality programs. One weakness is that USDA programs have
multiple environmental and nonenvironmental goals (e.g., farm
income support), so only a portion of their sizable expenditures
are directed at high priority water quality issues.30 A second
weakness is that resources allocated to purchasing environ-
mental improvements are poorly targeted, either by design or
through legal requirements.33 A well-targeted program would
direct resources to attaining specific, measurable water quality
goals through the most efficient means possible, that is, through
activities that realize these goals at lowest cost. Effective
targeting would prioritize hot spots (e.g., particular watersheds
and possibly locations within them) and BMPs to achieve the
proverbial “biggest bang for the buck”.34 Current USDA
programs are not designed to do this. Program goals include
reaching as many farmers as possible, and treating them
equally.35 With some exceptions, Congress has prohibited
geographic targeting in EQIP, as geographic targeting is seen as
favoring farmers in one region over those in another. In
exceptional cases, Congress has created special programs to
address specific watersheds, such as the Chesapeake Bay.36

Finally, because programs are voluntary, water quality
benefits tend to be supply driven rather than demand driven.
That is, farmers propose contracting for conservation practices
based on their own self-interest (however interpreted), and not
on society’s demands for environmental quality. Farmers tend
to be well informed about agri-environmental problems, and
most hold very favorable attitudes toward the environment and
perceive themselves to be stewards of the land.37 But, like any
business in a highly competitive economic environment, the
realities of economic survival drive firms to minimize
production costs.38−41 This means that farmers are likely to
propose practices that yield both public and private benefits
(i.e., addressing resource concerns on the farm) or that do not
significantly affect their financial bottom line, rather than costly
practices that may yield large public benefits (e.g., downstream
water quality improvements) but no private benefits. The
consequence is that voluntary PTP programs can only offer
limited water quality improvements, particularly given limited
program budgets and the requirement that farmers are treated
equally. A successful and efficient PTP approach would require
differentiated payment rates that are high enough to entice all
farmers to participate and to adopt the most socially desirable
(demand driven) water quality practices. This would be

enormously expensive given the improvements still needed to
attain water quality goals.

State Water Quality Programs. As noted previously, the
CWA gives the states the primary responsibility for nonpoint
pollution controls. Early on, states developed nonpoint source
programs almost exclusively around voluntary approaches,
supported by some cost sharing.30,42 Voluntary approaches
have generally not provided the level of protection required to
achieve water quality goals.43 In recent years, some states have
developed programs that contain nonvoluntary elements. The
most common mechanism is technology standards.30 States
apply this approach either uniformly across the state, or
targeted to specific geographic areas. Laws directed at crop
production generally allow voluntary adoption at first, with a
regulatory backup. Enforcement is generally triggered by citizen
complaint.43

Perverse Incentives Arising From Non-Environmental
Agricultural Programs. While federal programs and
significant federal resources are devoted to agricultural NPS
pollution control, it is important to understand that some
nonenvironmental federal agricultural programs inadvertently
work in opposition to federal, state, and local efforts to reduce
agricultural NPS. Specifically, these programs may create
incentives that adversely affect the nature, size and spatial
distribution of agricultural externalities, diminishing the return
on pollution control investments, and ultimately straining
conservation program budgets.44−51

For instance, policies that increase producer prices without
restricting output (such as price floors, subsidies on farm
output or on related products such as ethanol, and price-
enhancing import restrictions) encourage farmers to increase
production. Adverse impacts occur when environmentally
sensitive lands are converted to agricultural production, and
when inputs with potentially harmful environmental effects (for
example, pesticides, fertilizers, irrigation water, and fossil fuels)
are used more intensively. Input subsidies can also encourage
more intensive use of potentially harmful inputs, either because
these are subsidized directly or because subsidies on other
inputs encourage increased production and greater use of all
inputs.50,51

Parallel reasoning suggests supply controls would be
environmentally beneficial by reducing input use, but this
need not be the case. For example, acreage restrictions may lead
farmers to substitute relatively harmful inputs for land (e.g.,
higher fertilizer applications on land remaining in production).
Although the adverse environmental effects of agricultural

commodity and input policies were first demonstrated more
than twenty years ago, the use of such policies continues. A
compelling recent example is federal support for ethanol
production, which has resulted in higher corn prices globally. In
turn, U.S. corn productiona major source of nutrients
entering the nation’s watershas intensified. Some of this
additional production has come from land which would
otherwise be in the CRP. Higher corn prices attributable to
the U.S. ethanol policy are estimated to reduce acres offered
into the CRP by about 5%.52 In addition, about a third of
acreage currently enrolled in the program would likely opt-out
to take advantage of higher corn prices if there were no
penalties for doing so.52 Increased corn acreage in the Midwest
is estimated to increase nutrient loading to the Gulf of
Mexico.53 Global emissions of greenhouse gas likely have also
increased as ethanol policies have created global changes in
cropland use.54
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■ REFORMS UNDER THE POLLUTER PAYS PRINCIPLE

In this section we sketch the essential elements of an
agricultural NPS policy regime that is intended to promote
the cost-effective achievement of water quality goals, and that is
also consistent with the PPP. While the PPP is often endorsed
primarily on ethical grounds (i.e., that it is fair or just for those
who are responsible for pollution to bear the costs of
remediation), societal interests in achieving water quality
goals cost-effectively are compelling in a budget-constrained
environment. The PTP can only attain water quality goals if
governments are willing and able to tax citizens or reallocate
public funds to purchase sufficient water quality improvements.
The nearly 40 year history of agricultural NPS programs
suggests such improvements are unlikely to materialize. Given
the increasing sharp competition for limited government
budgets, there is no reason to believe the future effectiveness
of current policy structures will differ. In contrast, the PPP
approach does not depend on public expenditures to purchase
water quality improvements. Indeed, some PPP options are
revenue generating. For example, fees on fertilizer and
pesticides have been applied in several European countries.55

The potential economic and environmental benefits of a PPP
approach go beyond untying the knot between environmental
outcomes and public spending. An important example comes
from research comparing the economic and environmental
impacts of pollution charges (e.g., implemented via admin-
istratively determined fees or determined in tradable permit
markets) and pollution reduction subsidies.56,57 A key finding is
that, while pollution reduction subsidies can be designed to
provide individual producers with the same marginal pollution
control incentives as pollution charges, they may create adverse
incentives for the product composition, scale, and location of
production. Specifically, because subsidies lower production
costsparticularly for practices or lands that place water
resources at riskthey may create incentives for producers to
increase the scale of production, or maintain production in
environmentally sensitive locations, thus mitigating environ-
mental improvements.44,58,59

Selecting Among PPP Instruments. A large menu of
policy instruments can be used to address agricultural NPS
pollution within the PPP approach. The merits of alternative
approaches are explored in a number of studies.18,60−63 We
summarize some key lessons based on two criteria: (i)
instruments should produce the desired water quality impacts;
and (ii) instruments should promote cost-effectiveness.
The first criterion, relating to an instrument’s capacity to

achieve water quality goals, seems obvious, but experience
shows that choosing instruments that actually achieve these
goals is not a trivial matter.57 Adopting the PPP approach helps
in this regard because, rather than voluntary participation, the
policy options all include enforceable requirements (e.g.,
mandates may require some reduction in pollution loads, or
perhaps farmers may be required to pay a fee to pollute).
Moreover, unlike the PTP approach, policy choices under the
PPP are not conditional on program budgets. Absent
participation or budgetary constraints, the only remaining
consideration under the PPP is that instruments be set at levels
that can produce the desired water quality outcomes. More
stringent water quality are expected to generate larger
abatement costs. Hence, the policy focus under the PPP
turns to cost-effectiveness, our second criterion.

A policy instrument can be judged to be cost-effective if it
minimizes the social cost of achieving a water quality goal.
There are several dimensions of cost-effectiveness. At the farm
level, cost-effectiveness refers to minimizing the costs
associated with a particular farm’s environmental performance.
This notion is important, but it is incomplete. A broader notion
is cost-effectiveness at the watershed level, also known as
allocative ef f iciency. Allocative efficiency, which subsumes farm-
level cost-effectiveness by requiring each farm’s environmental
performance be attained at minimum cost, promotes adopting
different environmental performance goals for different farms
so as to minimize costs over the landscape. Spatially
differentiated performance goals promote cost-effectiveness
when these farm-level goals adequately account for the spatial
variation in each farm’s abatement costs and water quality
impacts.34,64−66

Theory and experience suggest the following lessons for
making agri-environmental instruments more cost-effective.60,62

First, successful policies are performance-based, that is, they are
designed to encourage effort to improve a specific environ-
mental performance measure rather than simply to encourage
expenditures on problems or to encourage the adoption of
particular pro-environment technologies. Performance-based
policies may include limits or taxes based on indicators of
environmental stress, and markets for trading pollution
allowances (with enforceable requirements placed on agricul-
tural sources, unlike current point-nonpoint trading programs).
Note that actual NPS emissions generally cannot be measured
with certainty, due to their diffuse and random nature.
Therefore, feasible indicators of environmental stress must be
highly correlated with emissions, such as an emissions estimate
derived from a computer model.
A second lesson is that successful policies target producers

differentially based on their ability to address environmental
problems, thereby promoting allocative efficiency. Regulations
that target producers who either are incapable of producing
significant environmental impacts or can only do so at very high
cost will be ineffective or waste resources.
Finally, successful policies provide producers flexibility in

how to meet performance goals. Flexibility allows producers to
make use of specialized knowledge in their individual
circumstances to achieve performance goals more cheaply
than rigid regulations, and encourages environmentally
beneficial innovation.

Other Considerations: Ancillary Benefits and Costs. A
final consideration for instrument design and evaluation is
ancillary benefits and costs. Ancillary impacts of an instrument
may be environmental or economic. Consider environmental
impacts. Agriculture is a source of multiple externalities, not just
water pollution. Some are detrimental, like odors and air
pollution. Some are beneficial, like carbon sequestration,
wildlife habitat, and landscape amenities. An ideal PPP policy
regime would utilize separate instruments to compensate
agriculture for the good and to penalize agriculture for the
bad. The combination of these penalties and payments would
provide a suite of incentives that optimize agriculture’s market
and nonmarket services.67 The balance of payments to or from
a producer would reflect the net social value of the externalities
at the particular time and location. We emphasize that reducing
a negative externality, though beneficial for people and
ecosystems, would not be positively compensated in a PPP
world.
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Alternative Models: The PPP Approach Applied
Outside the U.S. The PTP approach to agricultural NPS
control is found in varying forms in other developed countries,
and can be explained by similar political, cultural, and historical
factors as those in the U.S.63,68−70 But notable applications of
PPP instruments also exist.
As noted above, several European countries levy environ-

mentally based taxes on pesticides and fertilizers. Belgium and
the Czech Republic tax ammonia emissions from large-scale
animal operations.55 Germany, Denmark and The Netherlands
control animal manure via mandatory rules governing manure
handling and land application, and stocking densities.69,70 The
Netherlands has also experimented with manure markets and
taxing surplus nutrients, but now complies with the European
Commission’s Nitrate Directive via technology-based regula-
tions.70 The Nitrate Directive primarily protects against
agricultural nitrate pollution. The UK initially responded to
the Nitrate Directive with a PTP approach that compensated
farmers through voluntary contracts for actions to reduce
nitrate pollution risks. This has subsequently been replaced by a
PPP approach: farmers in designated Nitrate Vulnerable Zones
are given mandates on the type, quantity and timing of
applications of inorganic fertilizer and organic manure.69 This
change expresses a distinct shift in societal expectations of
“good farming practices” and farmers’ environmental obliga-
tions.
A particularly interesting policy innovation is Environment

Waikato’s (New Zealand) water quality trading (WQT)
program, initiated in 2010 to control agricultural nutrients
entering Lake Taupo. WQT for nutrient pollution that includes
agricultural sources has also been implemented in several U.S.
locations. Although there are several factors that have led state
environmental authorities to adopt WQT programs (with the
support and encouragement from the U.S. EPA), expanding the
scope of water pollution controls to agricultural nonpoint
sources, and improving the cost-effectiveness of water quality
protection have been key objectives.18,71 There are two main
differences between the Lake Taupo program design and those
in the U.S. First, the U.S. programs include both municipal
and/or industrial point sources of nutrients as well as
agricultural, whereas the Lake Taupo program only includes
agricultural sources. Second, the U.S. programs are “partially
capped”, with only voluntary participation from agriculture.
That is, point sources must comply with enforceable permit
requirements, whereas farmer participation is voluntary and
serves largely to reduce the cost of point source compliance.72

This feature has been a key factor undermining the perform-
ance U.S. WQT programs.18,71,73 In contrast, the Lake Taupo
design is a fully capped program with explicit binding permit
requirements for farmers.72

■ IMPROVING POLICY PERFORMANCE WITHIN THE
PTP PARADIGM

It is probably unrealistic to expect imminent, widespread
adoption of the PPP principle as a response to the challenges of
achieving nonpoint pollution reduction goals even with the
increasingly constrained budgets that will likely dominate
conservation and agri-environmental policy in the future.
Adopting the PPP principle would require significant changes
to the institutional structure, entailing high political trans-
actions costs.74 Nor is the elimination of distortionary farm
payment programs likely. Barring such radical institutional
reforms, how might programs be modified within the existing

framework to generate significant water quality improvements
with fewer federal and state resources? We propose as key
elements of more modest reforms; (i) tying instruments to
explicit, measurable changes in environmental performance,
rather than to the installation of BMPs; (ii) improving
instrument design (better payment mechanisms and targeting);
(iii) improving the integration of water quality programs with
farm commodity and other farm programs to increase the
resources available for water quality protection and reduce
perverse incentives; and (iv) adding modest PPP reforms in the
overall PPP-PTP mix

Replace Practice-Based Payments with Performance-
Based Payments. The first reform is to tie instruments to the
achievement of explicit, measurable performance goals
(performance-based instruments), rather than to the installa-
tion of BMPs (practice-based instruments). Current water
quality policy sets the stage for establishing explicit, watershed-
level goals for agricultural nonpoint source pollution.
Specifically, Section 303(d) of the Clean Water Act requires
states to develop total maximum daily loads (TMDLs) for
water bodies that do not meet designated uses even with point
source NPDES compliance. Over 46 000 TMDLs have been
developed, addressing about 64% of impairments listed by the
states.75 A TMDL establishes the maximum amount of a
pollutant that a water body can receive and still meet water
quality standards. It also specifies how the overall pollutant load
is allocated among the various sources, including nonpoint
sources. This allocation defines the total allowable load from
each source class (e.g., the agricultural sector). Accordingly, the
TMDL is an environmental objective or goal, not a firm-level
regulation. This is an important distinction, as cost-effectiveness
requires both an environmental goal and an efficient regulatory
approach for achieving the goal. States are permitted to adopt
traditional voluntary (PTP) approaches or other approaches to
attain NPS-related TMDLs. There is ample evidence that
practice-based instruments policies tend not to be as cost-
effective as performance-based instruments for pollution
control because they overly limit producers’ flexibility to
choose cost-effective production and pollution abatement
options.26,54,57,60,62,76 In contrast, performance-based instru-
ments give farmers flexibility to choose how to improve their
environmental performance, and to do so at minimum cost,
where performance is defined in terms of the NPS abatement
goals of the TMDL. The ideal performance-based compliance
measure is a farm’s contribution to the externality (e.g.,
nutrients or sediment entering and impaired water). But such
performance-based measures are problematic for agricultural
NPS emissions for at least two reasons. First, NPS emissions
are hard to measure accurately and routinely at reasonable cost
because they result from diffuse and complex processes that
occur over landscapes. Second, NPS emissions are difficult for
farmers to control with any level of certainty, as NPS emissions,
being driven in large part by weather and other environmental
conditions that fluctuate over time, are often highly random.
These two features also generally prevent accurate inferences
about individual farm contributions, particularly for the large
number of potential contributors that are often characteristic of
agri-environmental problems (e.g., even a small watershed may
contain thousands of farms).
Where environmental performance cannot be measured

directly, compliance measures may be based on performance
indicators that are constructed from farm- or field-specific data
(e.g., estimates of field losses of fertilizer residuals to surface or
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ground waters).60,62,77 This approach is exemplified by WQT
programs involving agriculture that have been developed in the
U.S. and Canada. The programs trade nutrient reduction
credits generated by adoption of BMPs or conversion of crop
land to riparian buffers. Credits are calculated based on
computer models or other procedures to estimate long-run
average annual reductions in nutrient loadings from farms.73,78

Designing policies to achieve outcomes implies a shift in the
PTP model, from one that directly subsidizes practice
installation or land use change, to one that “pays for
performance.” The concept is one of increasing interest in
agri-environmental policy, although current incarnations
which we refer to as “performance-related”differ somewhat
from our proposed “performance-based” payments. The U.S.
CRP program is a performance-related program where the
enrollment decision, rather than actual payments, relates to
performance. Specifically, the Environmental Benefits Index
(EBI) is used to calculate the “expected” environmental
benefits of a farmer’s bid for program participation, where the
bid consists of specifying lands to be retired and the ensuing
practices to be adopted on those lands (i.e., investments to
convert those lands to an alternative use, such as planting trees
or grasses) (for more on the enrollment process, see the
Competitive Bidding section below). The EBI, however, does not
calculate the estimated environmental impacts of practices for
particular farms, as the scoring system is the same regardless of
a farmer’s location relative to environmental concerns. The
CRP program is also not the best U.S. example of a
performance-related program for water quality. Water quality-
related variables are considered in the CRP, but explicit water
quality outcomes are not.
The Conservation Stewardship Program (CSP) is a USDA

financial assistance program that bases payments, as well as
enrollment, on a performance-related scoring system.79 To
participate, farmers and ranchers must, at minimum: (1) have
already addressed at least one resource concern throughout
their farm and (2) agree to address at least one additional
USDA-defined priority resource concern during the 5-year
contract term. CSP pays participants based on a scoring system
that relates practices to environmental performance − the
higher the score, the higher the payment. New activities receive
a higher payment rate than existing activities, creating
incentives for landowners to provide more conservation than
a simple cost-share approach. However, the CSP’s scoring
system is similar to the EBI, in that practice-based scores are
calculated the same regardless of a farmer’s location relative to
environmental concerns.
Nutrient WQT programs are truly performance-based water

quality programs. These programs are essentially designed to
facilitate the purchase of nutrient pollution reductions from
agricultural nonpoint sources by municipal and industrial point
sources.72,73 Each trade is contracted separately and must be
designed to ensure the point source’s NPDES permit
requirements are reasonably expected to be satisfied. Hence,
performance is a key element of WQT programs.
Improve Instrument Design: Payment Mechanisms

and Targeting. The second reform is to improve the design of
water quality instruments for agriculture within the pay-for-
performance PTP paradigm that we recommended above.
Specific mechanisms for making performance payments
generally fall into one of two categories: performance subsidies,
or performance contracts. We will describe this and their merits
below. For both types, allocative efficiency is enhanced by

targeting the incentives spatially to induce the greatest farm-
level performance improvements in locations where these
improvements are relatively inexpensive and have a relatively
large environmental impact.34 As noted previously, the impacts
of agricultural operations on water quality, and the lowest cost
strategies for reducing agricultural NPS pollution, will vary over
the landscape.37,80 Given a limited budget for environmental
payments, efficient targeting likely will require first identifying
priority watersheds, and then targeting funds within those
watersheds.34 Each payment mechanism and the associated
targeting choices are described in turn.

Performance Subsidies. We define a performance subsidy
as a payment per unit of improved performance, as defined by
the chosen compliance measure. This mechanism sets the
“price” of performance (the subsidy rate), and then allows
farmers to choose their level of supply. A larger supply nets
farmers a larger total payment. Farmers therefore have
incentives to find the least cost approach to improving their
compliance measure, with the overall level of performance
chosen to equate the marginal cost of provision with the
subsidy rate.
As participating farms already have incentives to improve

their individual compliance measures at least cost, allocative
efficiency is promoted by spatially differentiating subsidy rates
to reflect locationally distinct environmental impacts. Specifi-
cally, larger subsidy rates would be applied to locations where a
given change in farm-level compliance corresponds to greater
environmental impacts. This ensures farms having a greater
ability to generate environmental gains also have greater
incentives to provide them.
Allocative efficiency is also affected by the baseline from

which changes in compliance are calculated. The simplest
approach is to pay farmers for each unit of improvement
relative to historical performance levels. However, this
approach has been shown to result in farmers being paid
more than their compliance costs.81 These excess payments
benefit farmers, but they reduce society’s ability to pay for water
quality benefits. More benefits are obtained if baselines differ
from historical levels, so that farmers are only paid for some of
their improved performance. This approach means farmers will
pay for initial performance improvements, but they will still
participate as long as the total payments exceed their total
compliance costs. The key is to set baselines so that excess
payments are limited. Adopting stringent, differentiated base-
lines also limits participation to only the most efficient
providers of water quality benefits, so as to make the most of
limited program budgets.82

The standard criticism of targeting is that it is unfair to
“discriminate” against certain producers based on their
geographic location. But it is unfair to taxpayers, and it is
transparently poor public policy, to pay producers for practices
that do not generate water quality improvements cost-
effectively. Tying policies to performance goals will help
address the standard criticism, while at the same time providing
a mechanism for evaluating program success and for updating
programs to improve performance.

Performance Contracts (Competitive Bidding). Where-
as performance subsidies invite farmer responses to a
government-set price for environmental improvements, per-
formance contracts involve the government responding to
farmers’ offers to provide environmental improvements.
Specifically, farmers simultaneously offer (or “competitively
bid”) a level of performance and also state their required
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compensation level. The managing agency then chooses among
the bids to find the most efficient allocation, given their budget.
Farmers who seek “excessive profit” from their offer risk being
outcompeted by other bidders. Accordingly, farmers have
incentives to provide improvements at lowest possible cost, and
to not bid much higher than this cost.
Three USDA conservation programs have used or are

currently using competitive bidding to reduce costs and/or to
increase cost-effectiveness. Cost-benefit bidding is a feature of
the CRP and the CSP. As the enrollment processes are similar,
we describe CRP enrollment. A farmer wanting to enroll in the
program submits a bid to the local USDA field office, during a
specified enrollment period, stating how much land would be
enrolled and the management practices on the enrolled land
(rather than a proposed quantity of farm-level performance),
and a rental rate (i.e., compensation price). All submitted bids
are ranked by USDA on the basis of their EBI score and their
cost. Bids are accepted until the acreage goal, rather than a
budget goal or performance objective, is met (CSP operates
according to a budget and/or acreage goal). Farmers can
improve the chance of inclusion by reducing the rental rate they
are willing to accept, or by proposing to implement certain
management measures on enrolled land to boost their
environmental score (such as planting trees rather than
grass). Several studies have concluded that the bidding process
has increased the CRP’s cost-effectiveness82,83

Prior to 2001, competitive bidding was also a feature of
EQIP. Farmers could improve their chances of receiving a
contract by offering to implement a practice (again, rather than
a performance quantity) for a lower price than the maximum
payment rate. Between 1996 and 2001, strong competition for
enrollment resulted in payment rates being much lower than
maximum rates because of aggressive bidding for contracts.77

Competitive bidding was eliminated in 2001 because it was
deemed unfair to limited resource farmers, who could not
compete with larger farms in the bidding process. We should
emphasize that the former EQIP bidding, though economically
meritorious, is not the environmental performance-based
bidding program that we are advocating.
Bidding alone, even if performance-based, does not ensure

allocative efficiency; the “right” producers have to bid, and they
have to bid the right amount. A particular problem is that bids
are “lumpy”: once the bidding process is closed, new producers
cannot volunteer and participants cannot change their
contracted performance levels in response to changing
economic or environmental conditions. Bidding does have an
advantage over performance subsidies, however, when it comes
to differential treatment of farmers. As mentioned previously,
setting differential subsidy rates and compliance baselines may
be challenging both legally and administratively (e.g., there may
be significant heterogeneity among thousands of farmers even
within “small” watersheds). In contrast, performance-based
enrollment screens used in competitive bidding represent a
simpler way to ensure that producers who receive higher
payments also supply more environmental benefits.77 Factors
such as location in a watershed, proximity to other “protected”
land, and permanence are all factors that could be considered in
the bidding process to increase the allocative efficiency of
conservation expenditures
Improve Farm Program Integration. Agricultural pro-

grams serve a variety of goals. We have noted that program
implementation to serve these goals is at times counter-
productive, with commodity programs increasing the cost and

reducing the effectiveness of conservation and water quality
protection programs. Reforms to reduce conflicts and to
leverage limited budgets to serve multiple goals should be a
high priority.

Conservation Compliance,. which essentially leverages farm
commodity program payments to serve environmental goals, is
the most obvious and least radical form of integration.
Presently, compliance requires farmers to implement soil
conservation practices on highly erodible land and refrain
from draining wetlands if they are to remain eligible for selected
Federal agricultural program benefits. Compliance provisions
were introduced in 1985 to counteract the negative environ-
mental effect of increased production under commodity
programs. There is strong evidence that these provisions have
been effective in reducing erosion on farms receiving
government program payments, and in slowing the draining
of wetlands.84

Compliance provisions could be expanded to cover other
environmental issues. Farm program benefits subject to
compliance, including farm commodity, disaster, and con-
servation programs, ranged from $8 billion to $27 billion
between 1997 and 2007.85 Roughly 86% of U.S. cropland is on
farms that receive Federal program payments subject to current
compliance requirements. Thus, compliance could provide
leverage in addressing any agri-environmental issue that applies
largely to land in crop production. Expanding compliance to
address nutrient runoff and leaching from cropland could force
many farmers to consider the adoption of practices that reduce
nutrient losses from their fields. Claassen et al.84 estimated that
75% or more of cropland acres with medium, high, or very high
potential for nutrient runoff or leaching are located on farms
that receive government payments. Their analysis also shows
that the value of these payments generally exceeds the cost of
addressing nutrient loss through either on-field nutrient
management or the installation of vegetative buffers. A
drawback of compliance provisions is that they only affect
farms receiving commodity payments. This means that most
producers of fruits and vegetables and livestock and poultry
would not be covered. Another consideration is that as farmers
have to comply with more and more environmental perform-
ance requirements, the total costs of compliance increase, and
the incentive provided by program payments is reduced.
Indeed, compliance is unlikely to be effective as a standalone
program for this reason, and also because compliance
provisions generally are not well targeted to environmental
problems.

Green Payments. A more radical approach to integrate
income support programs with water quality programs would
be to substitute “green payments” for commodity payments in
farm income support. Farm payments have averaged about 20%
of net cash farm income since 2000.84,86 Switching income
supports from commodity production to environmental
services provision could serve to reduce policy conflicts and
increase the resources for environmental protection, provided
the payments do not generate conflicting incentives, such as
inducing increased or more intensive production on environ-
mentally sensitive or marginally productive lands. A variety of
options for the design of an integrated program to achieve the
suite of environmental, conservation, and income support
objectives have been proposed. We do not dwell on the details,
but we do endorse the general concept as a way to address
fundamental tensions in the existing design of farm policy and
to address the budget-imposed constraints on agricultural
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nonpoint pollution reductions within the existing PTP policy
paradigm.
Under a green payments program, program eligibility would

not be confined to farms that currently receive program
payments, so income support and conservation effort would be
spread more broadly across the farm sector.87 Current
commodity and conservation programs reach different groups
of farmers. In 2004, only 6% of farms received payments from
both programs. Only 43% of conservation program payments
went to farms that also receive commodity program payments.
Most commodity payments go to large, commercial farms,
while most conservation payments go to smaller, rural
residence farms where farming is considered a secondary
occupation.87 Integrating the two programs could therefore
significantly alter the distribution of payments across farms.
Add Modest PPP Reforms in the Overall PPP-PTP Mix.

Beyond reforms to the traditional PTP approach that we have
suggested, there are some “minimal” PPP elements that are
both appropriate and conceivable if budget constraints limit
what can be achieved through the PTP approach. Modest
regulation of farming practices to prevent harmful practices in
environmentally sensitive locations in watersheds with
significant or chronic water quality problems would serve
environmental goals within public budget constraints. Several
states are already taking this approach, such as Maryland to
meet the Chesapeake Bay TMDL and Nebraska to protect
drinking water aquifers. Ideally, performance-based measures
would be used to encourage farmers to take appropriate
management measures, provided farmers understand how their
actions affect the compliance measures and provided farmers
reasonably expect enforcement. The use of compliance rewards
schemes could also enhance compliance rates with limited
budgetary sources.88 This is an approach in which farmers are
rewarded for good environmental practices if inspected, but
penalized if found to be underperforming. Research indicates
compliance rewards can be more effective in increasing overall
compliance with environmental standards than up-front
payments, particularly when farmers are risk-averse.88

In the U.S. and Canada, water quality trading (WQT)
involving agricultural sources is an example where the
government has encouraged point sources to pay farmers to
reduce their nutrient emissions. As described above, agricultural
sources participate in existing U.S. WQT programs on a
voluntary basis, with point sources contracting with farmers to
reduce NPS pollution. Unfortunately, few trades have been
generated. Switching from a partially capped to a fully capped
system, with enforceable NPS requirements chosen to satisfy
TMDL requirements (rather than relying solely on historical
NPDES permits), may increase the likelihood of trades that
both improve water quality and cost-effectiveness.89 NPSs may
have to pay for some improvements under this approach, but
they could be compensated for other improvements, possibly
realizing a net gain if they are a net supplier of emissions
reductions.

■ DISCUSSION
Traditional approaches for addressing water quality problems
from agricultural NPS pollution have not yielded the pollution
reductions needed to achieve established water quality goals.
Nor have they achieved the water quality improvements that
could be expected from the resources that have been devoted to
the problem. We argue that it is time for significant institutional
change to address the problem, especially given that

increasingly tight state and federal budgets will likely severely
limit public funds for subsiding BMP implementation in the
future. We present reforms within two paradigms. The first
involves replacing the current PTP approach with approaches
consistent with the PPP. The PPP paradigm is not costless for
public agencies and society, but it would largely eliminate
budgetary challenges inherent in the PTP approach and would
allow innovations in policy that would increase the effectiveness
of agricultural NPS programs. The second paradigm modifies
the existing PTP approach to enhance impact and cost-
effectiveness within a budget-constrained environment. Key
elements of these more modest reforms are (i) tying
instruments to explicit, measurable performance goals, rather
than to BMPs; (ii) improving instrument design (better
payment mechanisms and better targeting); (iii) improving
integration of water quality programs with farm commodity and
other farm programs to increase the resources available for
water quality protection and reduce perverse incentives; and
(iv) adding modest PPP reforms in the overall PPP-PTP mix.
The modifications could facilitate a transition from the current
fiscally unsustainable PTP approach to a fiscally sustainable
PPP paradigm, given that high political transactions costs
associated with fundamental institutional change reinforce the
status quo. While the undesirable characteristics of subsidies for
environmental improvement are not eliminated during the
transition (incentives for landowners to continue production
when they otherwise might not), their impacts would be
reduced.

■ AUTHOR INFORMATION
Corresponding Author
*Phone: 814-865-7657 (J. S. S.); 202-694-5488 (M. R.); 517-
355-1301 (R. D. H.); 814-863-8648 (D. B.). E-mail: jshortle@
psu.edu (J. S. S.); mribaudo@ers.usda.gov (M. R.); horan@
msu.edu (R. D. H.); dblandford@psu.edu (D. B.).

■ ACKNOWLEDGMENTS
The views expressed in this paper are those of the authors’ and
not necessarily those of the Economic Research Service,
Pennsylvania State University, or Michigan State University.
Abstract photo Photo courtesy of USDA-NRCS.

■ REFERENCES
(1) Report to Congress: Nonpoint Source Pollution in the U.S.; U.S.
Environmental Protection Agency, Office of Water: Washington, DC,
1984.
(2) Hanley, N.; Kirkpatrick, H.; Simpson, I.; Oglethorpe, D.
Principles for the provision of public goods from agriculture: modeling
moorland conservation in Scotland. Land Econ. 1998, 74 (1), 102−
113.
(3) Ribaudo, M. Non-point Pollution Regulation Approaches in the
U.S. In The Management of Water Quality and Irrigation Techniques;
Albiac, J., Dinar, A., Eds.; Earthscan: London, 2009; pp 83−102.
(4) Section 319 Success Stories, EPA 841-R-97-001; U.S. Environ-
mental Protection Agency, Office of Water: Washington, DC, 1997;
Vol. II.
(5) Dubrovsky, N. M., Burow, K.R.; Clark, G.M.; Gronberg, J.A.M.;
Hamilton, P.A.; Hitt, K.J.; Mueller, D.K.; M.d. Munn., Puckett, L.J.;
Nolan, B.T.; Rupert, M.G.; Short, T.M.; Spahr, N.E.; Sprague, L.A.; ,
Wilbur, W. G. The Quality of Our Nation’s Waters - Nutrients in the
Nation’s Streams and Groundwater, 1992−2004, Circular-1350; U.S.
Geological Survey: Washington, DC, 2010.
(6) An Urgent Call to Action: Report of the State-EPA Nutrient
Innovations Task Group, State-EPA Nutrient Innovations Task Group,

Environmental Science & Technology Policy Analysis

dx.doi.org/10.1021/es2020499 | Environ. Sci. Technol. 2012, 46, 1316−13251323

mailto:jshortle@psu.edu
mailto:jshortle@psu.edu
mailto:mribaudo@ers.usda.gov
mailto:horan@msu.edu
mailto:horan@msu.edu
mailto:dblandford@psu.edu


2009; http://water.epa.gov/scitech/swguidance/standards/criteria/
nutrients/upload/2009_08_27_criteria_nutrient_nitgreport.pdf.
(7) National Summary of Impaired Waters and TMDL Information;
U.S. Environmental Protection Agency: Washington, DC, 2009;
http://iaspub.epa.gov/waters10/attains_nation_cy.control?p_report_
type=T.
(8) National Water Quality Inventory. 2000 Report to Congress,
EPA841-R-02-001; U.S. Environmental Protection Agency, Office of
Water: Washington, DC, 2002.
(9) National Section 303(d) List Fact Sheet; U. S. Environmental
Protection Agency: Washington, DC, 2005; http://oaspub.epa.gov/
waters/national_rept.control#IMP_STATE.
(10) Reactive Nitrogen in the United States. An Analysis of Inputs,
Flows, Consequences, and Management Options; U.S. Environmental
Protection Agency Science Advisory Board: Washington, DC, 2011;
http://yosemite.epa.gov/sab/sabproduct.nsf/fedrgstr_activites/
67057225CC780623852578F10059533D/$File/EPA-SAB-11-013-
unsigned.pdf.
(11) Boesch, D. F.; Brinsfield, R. B.; Magnien, R. E. Chesapeake Bay
eutrophication: Scientific understanding, ecosystem restoration, and
challenges for agriculture. J. Environ. Qual. 2001, 30, 303−320.
(12) Assessment of the Effects of Conservation Practices on Cultivated
Cropland in the Chesapeake Bay Region; U.S. Department of
Agriculture, Natural Resources Conservation Service: Washington,
DC, 2011.
(13) Assessment of the Effects of Conservation Practices on Cultivated
Cropland in the Great Lakes Region; U.S. Department of Agriculture,
Natural Resources Conservation Service: Washington, DC, 2011.
(14) Assessment of the Effects of Conservation Practices on Cultivated
Cropland in the Upper Mississippi Basin; U.S. Department of
Agriculture, Natural Resources Conservation Service: Washington,
DC, 2010.
(15) Inspector General Evaluation Report: Saving the Chesapeake Bay
Watershed Requires Better Coordination of Environmental and
Agricultural Resources, EPA OIG Report No. 2007-P-00004, USDA
OIG Report No. 50601-10-Hq; U.S. Environmental Protection
Agency; U.S. Department of Agriculture Office of Inspector General:
Washington, DC, 2006.
(16) Chesapeake Bay Protection and Restoration. Executive Order
13508, 2009; http://www.whitehouse.gov/the_press_office/
Executive-Order-Chesapeake-Bay-Protection-and-Restoration/.
(17) Chesapeake Bay Protection and Restoration. Executive Order
13508, 2009; http://www.whitehouse.gov/the_press_office/
Executive-Order-Chesapeake-Bay-Protection-and-Restoration/.
(18) Ribaudo, M. O.; Horan, R. D.; Smith, M. E. Economics of Water
Quality Protection from Non-point Sources: Theory and Practice, AER-
782; U.S. Department of Agriculture, Economic Research Service:
Washington, DC, 1999.
(19) House Committee on Agriculture. Senate and House
Agriculture Committees Offer Bipartisan, Bicameral Recommenda-
tions for Deficit Reduction to the Joint Committee. Press release,
October 17, 2011; http://agriculture.house.gov/press/PRArticle.
aspx?NewsID=1471.
(20) Agriculture Appropriations Chart. Fiscal Year 2011; National
Sustainable Agriculture Coalition: Washington, DC, 2011; http://
sustainableagriculture.net/wp-content/uploads/2011/04/NSAC-Ag-
Approps-Chart-FY-11-Final.pdf.
(21) Nanda, V. P. Agriculture and the Polluter Pays Principle. Am. J.
Comp. Law 2006, 54, 317−339.
(22) Grossman, M. R. Agriculture and the Polluter Pays Principle.
Electron. J. Comp. Law 2007, 11 (3), 1−66.
(23) Portney, P. EPA and the Evolution of Federal Regulation. In
Public Policies for Environmental Protection; Portney, P., Ed.; Resources
for the Future: Washington, DC, 1990; pp 7−26.
(24) Doering, O. C.; Diaz-Hermelo, F.; Howard, C.; Heimlich, R.;
Hitzhusen, F.; Kazmierczak, R.; Lee, J.; Libby, L.; Milon, W.; Prato, T.;
Ribaudo, M. Evaluation of the Economic Costs and Benefits of Methods
for Reducing Nutrient Loads to the Gulf of Mexico: Topic 6 Report for the
Integrated Assessment on Hypoxia in the Gulf of Mexico, Decision

Analysis Series No. 20; National Oceanographic and Atmospheric
Administration, Coastal Ocean Program: Silver Spring, MD, 1999.
(25) Rabotyagov, S.; Campbell T.; Jha M.; Gassman, P.; Arnold, J.;
Kurkalova, L.; Secchi, S.; Feng, H.; and Kling, C.;. Least-cost control of
agricultural nutrient contributions to the Gulf of Mexico hypoxic zone.
, Ecol. Appl.2008, 20, 1542−1555; http://dx.doi.org/10.1890/08-0680.
1.
(26) Davies, J. C.; Mazurek, J. Pollution Control in the United States:
Evaluating the System; Resources for the Future: Washington, DC,
1998.
(27) Smith, R. A.; Schwarz, G. E.; Alexander, R. B. SPARROW Surface
water-Quality Modeling Nutrient in Watersheds of the Conterminous
United States: Model Predictions for Total Nitrogen (TN) and Total
Phosphorus (TP). http://water.usgs.gov/nawqa/sparrow/wrr97/
results.html.
(28) Agricultural Resources and Environmental Indicators, 2006 ed.; EIB
16; Economic Research Service, U.S. Department of Agriculture:
Washington, DC, 2006.
(29) Environmental Quality Incentives Program Fiscal Year 2008
Unfunded Applications Information; Natural Resources Conservation
Service, U.S. Department of Agriculture: Washington, DC, 2009;
http://www.nrcs.usda.gov/programs/eqip/2008eqipdata/2008eqip-
unfunded.html.
(30) Ribaudo, M. O.; Caswell, M. U.S. Environmental Regulation in
Agriculture and Adoption of Environmental Technologies. In Flexible
Incentives for the Adoption of Environmental Technologies in Agriculture;
Casey, F., Swinton, S., Schmitz, A., Zilberman, D., Eds.; Kluwer:
Norwell, MA, 1999; pp 7−26.
(31) An Assessment of Technical Assistance for Farm Bill Conservation
Programs; Soil and Water Conservation Society and Environmental
Defense: Ankeny, IA., 2007; http://www.swcs.org/documents/
filelibrary/TechnicalAssistanceAssessment.pdf.
(32) Background. ERS Briefing Room; http://www.ers.usda.gov/
Briefing/ConservationPolicy/background.htm.
(33) USDA Should Improve Its Management of Key Conservation
Programs to Ensure Payments Promote Environmental Goals, AO-07-
370T U.S. Government Accountability Office: Washington, DC, 2007.
(34) Babcock, B. A.; Lakshminarayan, P.; Wu, J.; Zilberman, D.
Targeting tools for the purchase of environmental amenities. Land
Econ. 1997, 73 (3), 325−339.
(35) Nickerson, C.; Ribaudo, M.; and Higgins, N. The Farm Act’s
Regional Equity Provision: Impacts on Conservation Program Outcomes,
ERR-98; U.S. Department of Agriculture, Economic Research Service,
2010.
(36) Chesapeake Bay 2010 Activities Report; U.S. Department of
Agriculture, Natural Resources Conservation Service: Washington,
DC, 2011.
(37) Camboni, S. M.; Napier, T. L. Socioeconomic and Farm Structure
Factors Affecting Frequency of Use of Tillage Systems; Invited paper
presented at the Agrarian Prospects III symposium, Prague, Czech
Republic, 1994.
(38) Nowak, P.J . The adoption of agricultural conservation
technologies: Economic and diffusion explanations. Rural Sociology
1987, 52, 208−220.
(39) Napier, T. L.; Camboni, S. M. Use of conventional and
conservation practices among farmers in the Scioto River Basin of
Ohio. J. Soil Water Conserv. 1993, 48, 432−438.
(40) Weaver, R. D. Prosocial behavior: Private contributions to
agriculture’s impact on the environment. Land Econ. 1996, 72 (2),
231−247.
(41) Ribaudo, M. O.; Horan, R. D. The Role of education in
nonpoint source pollution control policy. Rev. Agric. Econ. 1998, 21
(2), 331−343.
(42) Putting the Pieces Together: State Nonpoint Source Enforceable
Mechanisms in Context; Environmental Law Institute: Washington,
DC, 2000.
(43) Ribaudo, M. O. Non-point pollution regulation approaches in
the US. In The Management of Water Quality and Irrigation

Environmental Science & Technology Policy Analysis

dx.doi.org/10.1021/es2020499 | Environ. Sci. Technol. 2012, 46, 1316−13251324

http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/upload/2009_08_27_criteria_nutrient_nitgreport.pdf
http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/upload/2009_08_27_criteria_nutrient_nitgreport.pdf
http://iaspub.epa.gov/waters10/attains_nation_cy.control?p_report_type=T
http://iaspub.epa.gov/waters10/attains_nation_cy.control?p_report_type=T
http://oaspub.epa.gov/waters/national_rept.control#IMP_STATE
http://oaspub.epa.gov/waters/national_rept.control#IMP_STATE
http://yosemite.epa.gov/sab/sabproduct.nsf/fedrgstr_activites/67057225CC780623852578F10059533D/$File/EPA-SAB-11-013-unsigned.pdf
http://yosemite.epa.gov/sab/sabproduct.nsf/fedrgstr_activites/67057225CC780623852578F10059533D/$File/EPA-SAB-11-013-unsigned.pdf
http://yosemite.epa.gov/sab/sabproduct.nsf/fedrgstr_activites/67057225CC780623852578F10059533D/$File/EPA-SAB-11-013-unsigned.pdf
http://www.whitehouse.gov/the_press_office/Executive-Order-Chesapeake-Bay-Protection-and-Restoration/
http://www.whitehouse.gov/the_press_office/Executive-Order-Chesapeake-Bay-Protection-and-Restoration/
http://www.whitehouse.gov/the_press_office/Executive-Order-Chesapeake-Bay-Protection-and-Restoration/
http://www.whitehouse.gov/the_press_office/Executive-Order-Chesapeake-Bay-Protection-and-Restoration/
http://agriculture.house.gov/press/PRArticle.aspx?NewsID=1471
http://agriculture.house.gov/press/PRArticle.aspx?NewsID=1471
http://sustainableagriculture.net/wp-content/uploads/2011/04/NSAC-Ag-Approps-Chart-FY-11-Final.pdf
http://sustainableagriculture.net/wp-content/uploads/2011/04/NSAC-Ag-Approps-Chart-FY-11-Final.pdf
http://sustainableagriculture.net/wp-content/uploads/2011/04/NSAC-Ag-Approps-Chart-FY-11-Final.pdf
http://dx.doi.org/10.1890/08-0680.1
http://dx.doi.org/10.1890/08-0680.1
http://water.usgs.gov/nawqa/sparrow/wrr97/results.html
http://water.usgs.gov/nawqa/sparrow/wrr97/results.html
http://www.nrcs.usda.gov/programs/eqip/2008eqipdata/2008eqip-unfunded.html
http://www.nrcs.usda.gov/programs/eqip/2008eqipdata/2008eqip-unfunded.html
http://www.swcs.org/documents/filelibrary/TechnicalAssistanceAssessment.pdf
http://www.swcs.org/documents/filelibrary/TechnicalAssistanceAssessment.pdf
http://www.ers.usda.gov/Briefing/ConservationPolicy/background.htm
http://www.ers.usda.gov/Briefing/ConservationPolicy/background.htm


Technologies; Albiac, J., Dinar, A., Eds.; Earthscan: London, 2009, pp
84−101.
(44) Abler, D. G.; Shortle, J. S. Environmental and farm commodity
policy linkages in the US and EC. Eur. Rev. Agric. Econ. 1992, 19, 197−
217.
(45) Shortle, J. S.; Abler, D. G. Agriculture and the Environment. In
Handbook of Environmental and Resource Economics; Van der Berg, J.,
Ed.; Edward Elgar: Cheltenham UK, 1999.
(46) Lichtenberg, E.; Zilberman, D. Efficient regulation of environ-
mental health risks. Q. J. Econ. 1988, 103 (1), 167−178.
(47) Plantinga, A. J. The effect of agricultural policies on land use and
environmental quality. Am. J. Agric. Econ. 1996, 78, 1082−1091.
(48) Swinton, S. M.; Clark, D. S. Farm-level evaluation of alternative
policy approaches to reduce nitrate leaching from Midwest agriculture.
Agric. Resour. Econ. Rev. 1994, 23, 66−74.
(49) Liapis, P. S. Environmental and economic implications of
alternative EC policies. J. Agric. Appl. Econ. 1994, 26, 241−51.
(50) Weinberg, M.; Kling, C. L.; Wilen, J. E. Water markets and
water quality. Am. J. Agric. Econ. 1993, 75, 278−91.
(51) Weinberg, M.; Kling, C. L.; Wilen, J. E. Analysis of policy
options for the control of agricultural pollution in California’s San
Joaquin Basin. In Theory, Modeling and Experience in the Management of
Nonpoint-Source Pollution; Russell, C. S., Shogren, J. F., Eds.; Kluwer
Academic Publishers: Dordrecht, 1993; pp 201−230.
(52) Hellerstein, D.; and Malcolm, S. The Influence of Rising
Commodity Prices on the Conservation Reserve Program. ERR 110,
U.S. Department of Agriculture, Economic Research Services, 2011.
(53) Secchi, S.; Glassman, P. W.; Jha, M.; Kurkalova, L.; Kling, C. L.
Potential water quality changes due to corn expansion in the Upper
Mississippi River Basin. Ecol. Appl. 2011, 21 (4), 1068−1084.
(54) Searchinger, T.; Heimlich, R.; Houghton, R. A.; Dong, F.;
Elobeid, A.; Fabiosa, J.; Tokgoz, S.; Hayes, D.; Yu, T. H. Use of U.S.
croplands for biofuels increases greenhouse gases through emissions
from land-use change. Science 2008, 319 (5867), 1238−1240.
(55) Vojtech, V. Policy measures for addressing agri-environmental
issue. Organization for economic cooperation and development food;
Agriculture, and Fisheries Working Paper No. 21: Paris, 2010.
(56) Goulder, L. H.; Parry, I. W. H. Instrument choice in
environmental policy. Rev. Environ. Econ. Policy 2008, 2 (2), 152−174.
(57) Sterner, T. Policy Instruments for Environmental and Natural
Resource Management; Resources for Future Press, 2003.
(58) Lubowski, R. N.; Bucholtz, S.; Claassen, R.; Roberts, M. J.;
Cooper, S. C.; Gueorguieva, A.; Johansson, R. Environmental effects of
agricultural land-use change: The role of economics and policy, ERR
25; U.S. Department of Agriculture, Economic Research Service, 2006.
(59) Wu, J.; Segerson, K. The impact of policies and land
characteristics on potential groundwater pollution in Wisconsin. Am.
J. Agric. Econ. 1995, 77 (4), 1033−1047.
(60) Lankowski, J.; Cattaneo, A. Guidelines for Cost-effective Agri-
Environmental Policy Measures; Organization for Economic Coopera-
tion and Development: Paris, 2010.
(61) Segerson, K.; Walker, D. Nutrient pollution: An economic
perspective. Estuaries 2002, 25 (4), 797−808.
(62) Shortle, J.; Horan, R. The Economics of nonpoint pollution. J.
Econ. Surv. 2001, 15, 255−290.
(63) Weersink, A.; Livenois, J.; Shogren, J.; Shortle, J. Economic
incentives for pollution control in agriculture. Can. Public Policy 1998,
24 (3), 309−327.
(64) Braden, J. B.; Bozaher, A.; Johnson, G.; Miltz, D. Optimal spatial
management of agricultural pollution. Am. J. Agric. Econ. 1989, 71,
404−413.
(65) Claassen, R.; Horan, R. D. Uniform and nonuniform second
best input taxes: The significance of market price effects on efficiency
and equity. Environ. Resour. Econ. 2001, 19 (1), 1−22.
(66) Fleming, R. A.; Adams, R. M. The importance of site specific
information in the design of policies to control pollution. J. Environ.
Econ. Manage. 1997, 33, 347−358.

(67) Horan, R. D.; Shortle, J. S.; Abler, D. G. Green payments for
nonpoint pollution control. Am. J. Agric. Econ. 1999, 81 (5), 1210−
1215.
(68) Hanley, N. Policy on agricultural pollution in the European
Union. In Environmental Policies for Agricultural Pollution Control;
Shortle, J.; Abler, D., Eds.; CAB International: Wallingford UK, 2001;
pp 151−162.
(69) Latacz-Lohmann, U.; Hodge, I. European Agri-environmental
Policy for the 21st Century. Aust. J. Agric. Resour. Econ. 2003, 47 (1),
123−139.
(70) Instrument Mixes for Environmental Policy; Organization for
Economic Cooperation and Development: Paris, 2007.
(71) Shortle, J. S.; Horan, R. D. The Economics of Water Quality
Trading. Int. Rev. Environ. Resour. Econ. 2008, 2 (2), 101−133.
(72) Shortle, J. Water Quality Trading in Agriculture; Organization for
Economic Cooperation and Development: Paris, 2012; Forthcoming.
(73) Ribaudo, M. O.; Gottlieb. Point-nonpoint trading−Can it work?
J. Am. Water Resour. Assoc. 2011, 47 (1), 5−14.
(74) McCann, L.; Colby, B.; Easter, K. W.; Kasterine, A.; Kuperan, K.
S. Transaction cost measurement for evaluating environmental
policies. Ecol. Econ. 2005, 52 (4), 527−542.
(75) National Summary of Impaired Waters and TMDL Information;
U.S. Environmental Protection Agency: Washington, DC, 2009;
http://iaspub.epa.gov/waters10/attains_nation_cy.control?p_report_
type=T.
(76) Weinberg, M.; Claassen, R. Conservation Program Design
Rewarding Farm Practices versus Environmental Performance; US
Department of Agriculture Economic Research Service Economic
Brief, March 2006.
(77) Cattaneo, A.; Claassen, R.; Johansson, R.; Weinberg, M. Flexible
Conservation Measures on Working Land, ERR 5; Economic Research
Service, USDA: Washington, DC, 2005.
(78) Selman, M.; Greenhalgh, S.; Branosky, E.; Jones, C.; Guiling, J.
Water Quality Trading Programs; An International Overview; World
Resources Institute Issue Brief: Washington DC, 2009.
(79) Fact Sheet: Conservation Stewardship Program; Natural Resources
Conservation Service, U.S. Department of Agriculture: Washington,
DC, 2010; http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/
nrcs143_008143.pdf.
(80) Lankowski, J.; Lichtenberg, E.; Ollikainen, M. Agri-environ-
mental program compliance in a heterogeneous landscape. Environ-
mental and Resource Economics 2010, 47, 1−22.
(81) Horan, R. D.; Claassen, R. Targeting green payments under a
budget constraint. Land Economics 2007, 83, 319−330.
(82) Osborn, T. New C. R. P. Criteria Enhance Environmental
Gains. Agric. Outlook 1997, October, 15−18.
(83) Barbarika, A.; Smith, M. Selected EBI Factors Average Points by
Sign-up. Poster presented at the annual Soil and Water Conservation
Society meetings, 7−12 July, St. Louis, MO, 2000.
(84) Claassen, R.; Breneman, V.; Bucholtz, S.; Cattaneo, A.;
Johansson, R.; Morehart, M. Environmental Compliance in U.S.
Agricultural Policy: Past Performance and Future Potential, AER-832;
Economic Research Service, U.S. Department of Agriculture:
Washington, DC, 2004.
(85) Conservation Policy: Compliance Provisions for Soil and
Wetland Conservation; http://www.ers.usda.gov/Briefing/
ConservationPolicy/compliance.htm.
(86) Hoppe, R. A.; Banker, D. E. Structure and Finances of U.S. Farms:
2005 Family Farm Report; EIB 12; Economic Research Service, U.S.
Department of Agriculture: Washington, DC, 2000.
(87) Claassen, R.; Aillery, M.; Nickerson, C. Integrating Commodity
and Conservation Programs: Design Options and Outcomes, ERR-44;
Economic Research Service, U.S. Department of Agriculture:
Washington, DC, 2007.
(88) Yano, Y.; Blandford, D. Use of compliance rewards in agri-
environmental schemes. J. Agric. Econ. 2009, 60 (3), 530−545.
(89) Horan, R. D.; Shortle, J. S. When two wrongs make a right:
Second-best point-nonpoint trading ratios. Am. J. Agric. Econ. 2005, 87
(2), 340−352.

Environmental Science & Technology Policy Analysis

dx.doi.org/10.1021/es2020499 | Environ. Sci. Technol. 2012, 46, 1316−13251325

http://iaspub.epa.gov/waters10/attains_nation_cy.control?p_report_type=T
http://iaspub.epa.gov/waters10/attains_nation_cy.control?p_report_type=T
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs143_008143.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs143_008143.pdf
http://www.ers.usda.gov/Briefing/ConservationPolicy/compliance.htm
http://www.ers.usda.gov/Briefing/ConservationPolicy/compliance.htm



