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Abstract
PerformanceBased Payments for Conservation:
Experience from a Water Quality Field Experiment
Peter J. Maille
Conventional government costshare programs to reduce agricultural nonpoint
source pollution are falling short of water quality goals in the U.S. This dissertation
presents lessons learned from the first 15 months of a field experiment that tests an
alternative to conventional government programs. This alternative pays farmers as a
group based on quantity and ambient quality of water flowing from their watershed.
Farmers decide what, if any, abatement action to take and how to allocate payments
among themselves.
Three research questions were examined: 1) Prior to initiation of a field
experiment, can water prices and a watershed payment formula be computed and would
this payment provide an economic incentive to reduce pollution?; 2) Can this watershed
payment formula account for background levels of pollution?; and 3) Does the watershed
payment formula and institutional framework created during this field experiment elicit
desired participation and abatement responses from farmers?
For the first research question, a nonlinear, optimization model was developed to
derive the minimum water prices necessary to induce water quality protection, by
creating a tradeoff between income from water and income from agricultural production.
This question was evaluated by comparing ex ante payment simulations with actual
payments made during the field experiment. Actual payments were found to be within
the simulated annual payment range.
Because nitrateNitrogen (nN) concentrations in surface water are closely related
to agricultural production, this pollutant was used to measure ambient water quality in
this field experiment. Question two was addressed with regressions of ex ante data
simulations. Results showed that a ratio of nN loading (index watershed/experimental
watershed) did eliminate the influence of background pollution levels related to
discharge. However, when using data generated during the field experiment, watershed
discharge was found to influence both nN loading and observed ratios. These findings
were attributed to the drought conditions observed during the experiment.
Examining question three, 53% of farmer households in the watershed participated
during the first year of the field experiment. Participating farmers rent or own
approximately 36% of the agricultural land in the watershed. A probit analysis of farmer
participation found that education level increases the likelihood of participation, and that
farmers who are cultivating “prime” farmland participate at lower rates. This decrease
was attributed to farmer perceptions that their participation in this field experiment would
inject additional uncertainty into their farm income. Given that “prime” farmland in the
experimental watershed has been identified as a high nN runoff area, a key gauge of
successful nN reductions in this experiment will be bringing farmers of prime farmland
into the project.

Grouplevel actions during the field experiment provided evidence that the farmers
are willing and able to work jointly to address the issue of nN runoff. The participating
farmers developed an allocation scheme to distribute payments among themselves. This
payment scheme included using a large portion of each monthly payment (90%) to
provide cost share support to farmers who wanted to adopt runoffreducing farm
practices. To date, two cost share disbursements have occurred, and one participating
farmer sought government cost share support for a manure shed to reduce runoff from his
farm. Surveys of participating farmers indicate that some group mechanisms like peer
monitoring and information sharing are occurring. Contrary to observations in the
literature, farmers in this field experiment demonstrated the ability to develop and to
implement their own abatement practices.
The results of this field experiment provide support for undertaking additional field
experiments. Multiplying the number of case studies available for review may be the
best way of increasing the comfort level of policy makers towards a payment scheme like
the one tested here. In addition, I recommend that future field experiments include a
social science researcher who can use qualitative research methods to conduct personal
interview surveys to glean additional insights into farmer decisionmaking from what are
likely to be small, heterogeneous population.
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Chapter 1

Introduction

This chapter includes two parts. Directly below is a summary of the agricultural nonpoint source
pollution challenge. Part two explains how the current study fits within an umbrella project, and
presents the three research questions of the current study.
1.1 Agricultural Nonpoint Source Pollution as an Information Problem
Through control of industrial and municipal point sources the United States has made significant
progress in cleaning up polluted waters (USEPA, 2002; Ribaudo et al., 1999; Horan, et al.
1999). However, nonpoint source pollution, the pollution which enters water diffusely in runoff
rather than from a pipe (Ribaudo et al., 1999), is a continuing problem (Lombardo et al., 2000).
For example, the USEPA (2002) reports that 39% of the river and stream miles assessed were
unable to support at least one of their designated uses. They conclude that in lakes, rivers and
streams agriculturerelated nonpoint source pollution (ANP) was primarily responsible. Many
other authors have cited agriculture as an important, if not the most important contributor of non
point source pollution (Poe et al., 2004; Peterson and Boisvert, 2004; Ribaudo, 2003; Anderson,
1994).
While there is agreement that ANP continues to pose a significant problem, it is less clear
how to address this problem. In her seminal paper Segerson (1988) explains that nonpoint
source pollution (NPS) is especially troublesome for two reasons. First, it would be too costly to
observe an individual’s NPS emissions or abatement. Second, because stochastic variables act
on emissions, and ambient concentrations represent a mixture of contributions from multiple
sources, it is difficult to relate the actions of individuals to ambient water quality. She argues
that these challenges make monitoring of individual emissions too costly. More recently
Vossler et al. (2006) echo the difficulty of feasibly observing individual firm emissions, and
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contend that it is particularly hard to assess the emissions of a given firm because contaminant
fate and movement are complex, underlying environmental factors are stochastic, and there can
be numerous sources. Poe et al. (2004) add adverse selection and moral hazard to this list of
difficulties.
While regulation is an option, it is politically difficult. Suter et al. (2006) write that
voluntary policies give producers additional flexibility, while they let the regulator avoid the
costs of administering the tax and acquiring the information needed to set tax levels, and in
general they can be more costeffective. Smith (1995) raises a property rights issue citing the
link between agricultural regulation and a farmer's ability to use the land she owns.
Looking at West Virginia, under section 319 of the US EPA Clean Water Act of 1987 the
State is required to assess the nonpoint source pollution problem, and implement management
programs to control nonpoint source pollution (WV DEP, 2000). West Virginia's ANP program
goal is to "… prevent or reduce NPS impacts on surface and groundwater through education and
technical assistance to landowners, local governments, youth, watershed associations, and the
general public to build and maintain a sustainable agriculture industry" (p. 91). In 1997 a lawsuit
was filed against the US EPA for failure to force West Virginia to follow the "total maximum
daily load" (TMDL) process which requires the State to designate impaired streams, and
implement remediation. The most recent annual report on West Virginia's nonpoint source
pollution control program lists agriculturalrelated abatement activities (WV DEP, 2008). These
activities consisted primarily of soil testing and nutrient management plan development to more
efficiently use fertilizer. The absence of regulation is a reminder of the technical and political
challenges posed by ANP control through regulation.
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Challenges like these have resulted in a voluntary approach to ANP control based on
providing costshare assistance in support of observable conservation inputs like streamside
buffer zones and land retirement. These inputs are assumed to deliver a certain level of ANP
abatement (Taylor et al., 2004). However, these approaches, like the Conservation Reserve
Program, have proven expensive (Smith, 1995; US GAO, 1992) and are having a limited impact
(USEPA and USDA, 2006). They are expensive, in part because approaches that work by
subsidizing inputs to the conservation process can preclude leastcost control practices (Ribaudo
et al., 1999). In the Chesapeake Bay watershed the impact of ANP control programs is limited
because, given the voluntary nature of the programs and their current costshare levels, farmer
participation is too lowevidently, the practices are often unprofitable or require too great a
change in farming techniques (USEPA and USDA, 2006).
These difficulties have resulted in a search for alternatives to voluntary measures that are
cost effective and politically acceptable. For example, Winsten et al. (2008) describe a pilottest
of economic incentives based on water quality performance. Segerson (1988) develops a system
of taxes and subsidies that has since generated a large body of experimental research. Her
mechanism is discussed in the literature review section below.
Although one can cite many reasons for the persistence of the ANP problem, most are
informationrelated (Isik and Sohngen, 2003). With this in mind, Table 1 presents a listing of
informationrelated issues. The righthand column indicates who is best situated to minimize
these information problems.
Traditional ANP control programs rely on regulators allocating conservation inputs
across the landscape, and thus, they favor the constraints in Table 1 where the regulator has an
informational advantage. For example, the regulator is best positioned to prescribe a given
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practice in a given location based on a superior knowledge of how ANP contaminants move
through a watershed and their resulting damages downstream. The resulting conservation
actions are typically inputs to the conservation process such as manure storage facilities and land
retirement. This circumvents somewhat the problems of hidden actions because these inputs are
easier to verify than, for example, fertilizer application rate.

Table 1. Summary of Informational Constraints
Informational
Advantage
Hidden actions (2, 5, 8, 9, 12)
Farmer
Privately held risk preferences (6)
Farmer
Privately held abatement cost functions (4, 7, 10)
Farmer
Privately held benefit functions
Farmer
Random and unmeasurable individual ANP emissions (1)
Farmer
Lag between actions and impact on ambient water quality (2)
?
Mixing of individual contributions (1)
?
Uncertain abatement practice efficiencies
Regulator
Uncertain damages (3)
Regulator
Uncertain relationship between land use and emissions (11)
Regulator
Sources: (1) Segerson 1988, (2) Weersink et al. 1998, (3) Ribaudo et al. 1999,
(4) Pushkarskaya and Randall 2002, (5) Romstad 2003, (6) Peterson and
Boisvert 2004, (7) Taylor et al. 2004, (8) Millock and Salanie 2005, (9)
Hansen and Romstad 2007, (10) Shortle et al. 1998, (11) Sohngen and Taylor
2005, (12) Spraggon 2002.
Constraint

What if an ANP control strategy, instead, was structured to capitalize on those constraints in
Table 1 where farmers could employ their superior knowledge? Practically speaking, these areas
include the timing and placement of fertilizer applications, daily site conditions that may relate to
potential runoff, householdlevel financial constraints and goals, as well as the actions of other
farmers in the watershed. Testing such an approach would require farmers be presented with
incentives that induced them to incorporate the information they hold into their land use
decisions and ANP abatement actions.
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Moreover, current programs usually involve a onetoone relationship between a
conservation agent and a farmer, with a formal agreement detailing responsibilities.1 Given that
the ambient concentration of a contaminant consists of emissions from multiple farmers within a
given watershed, teamwork between farmers may be more effective in reducing contamination
(Romstad, 2003).
The current study evaluates results gained during the first fifteen months of a field
experiment of watershedwide payments. The payments are ambientbased and, therefore, a
function of water quality performance rather than conservation inputs. The payments are also
groupbased, which has the potential to induce group mechanisms like peer pressure, joint
liability and teamwork. Being watershedbased, any farmer who has a potential impact on water
quality is allowed to participate. This places full responsibility for water quality on potential
project participants. Finally, the field experiment maintains the voluntary aspects of current
government programs, making them more palatable politically.
1.2 The Research Framework
1.2.1 The Umbrella Project
With the above incentive strategy in mind, a proposal was submitted and subsequently funded
under the auspices of the National Research Initiative (NRI), and specifically, the "Water and
Watersheds" area.2 This research project is thus problemoriented, and includes the following
excerpted objectives (Collins et al., 2006, p. 2):

1

See for example the April 2002 Fact Sheet describing the enhanced Conservation Reserve Program that describes
the agreement between the United States Department of Agriculture and a farmer who decides to submit an
application for costshare support.
(http://www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=pfs&newstype=prfactsheet
&type=detail&item=pf_20020401_consv_en_crepwv02.html)
2
USDA/CSREES project number 20063510217261.
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·

Derive and assess a pricing formula based on water quantity and quality that provides an
appropriate incentive for farmers to implement best management practices (BMPs) to
conserve stream water resources.

·

Given the availability of incentive payments, assess changes in farmer attitudes and
behavior towards BMPs that protect and conserve water resources relative to the
traditional cost share approach.

·

Compare the cost effectiveness of water quality improvements for incentive payments
relative to the traditional cost share approach.

This was initially a thirty month project to allow for two full seasons of research beginning
July 1, 2006. The project was extended to cover three full years midway through year one. As
the objectives show, the project tests the response of farmers to economic incentives that are
based on water quantity and ambient water quality. The subject of this dissertation, the "current
study", takes place under the umbrella of this project.
1.2.2 The Current Study  Research Questions
While the geographic scope of the NRI project is limited to one small watershed, its research
scope is broad. It involves watershed modeling, economic optimization, institutional
development, and incentive design. The current study seeks to contribute to this project in two
areas. The first area is the calculation of water prices and development of a payment formula.
This required addressing a number of vexing methodological issues. These include estimating
the opportunity cost to agriculture of ANP abatement, accounting for natural background levels
of contaminant, and estimating flow in the absence of direct measurements. The second area is
an evaluation of how farmers respond to the formal and informal institutional arrangements
embodied by the NRI project. This includes the decision of individuals to participate and to take
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action to control ANP, as well as the group decisions on such things as allocation of the
payment, and how to work together.
1.2.2.1 Research Question 1: Can effective water prices and watershed payments be computed?
Prior to initiation of a field experiment, can water prices and a watershed payment formula be
computed and would this payment provide an economic incentive to reduce pollution? This
question is important on two fronts. First, in the context of a research project, investigators need
to be able to put together a project budget. Obviously, if payments are based on water quantity
and quality, and these parameters are unknown, it is difficult to put a budget together. Second,
assuming that farmers are busy and cautious, they will require an estimate of how much they can
expect to earn from participation in a project. Put differently, the researcher needs to be able to
answer the question, "So how much money are we talking about?" The ideal methodology
would also be relatively simple with limited information needs.
1.2.2.2 Research Question 2: Can the payment scheme account for background levels of a
contaminant?
Many authors have cited the stochastic nature of NPS pollution and the related modeling
challenges as a key concern (Poe et al., 2004; Shortle et al., 1998). Many contaminants are also
found naturally and they fluctuate with weather conditions and season. This makes it difficult to
tease out the fraction of contamination in a given month that is the result of human actions. If
the payment schedule is to be seen as sensible and fair, I assume that it would not penalize
farmers for the fraction of contamination that they could not control. One way to account for
background contamination would be to generate estimates through ecological modeling. The
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current study uses a more intuitive alternative referred to as the “index watershed” approach.
This situation is depicted graphically in Figure 1 using nitrateN (nN) as an example.

4

nN Load per Unit Time
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Background nN
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1
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Figure 1.

Hypothetical Depiction of Measured nN and Background nN Loading in a Stream

The "Measured nN" curve shown in Figure 1 represents the observed nN in the stream,
while the curve labeled "Background nN" shows the nN that would be present under natural
conditions. The background nN cannot be measured directly but can be estimated by an index
watershed. The assumption made here is that the difference between these two curves represents
the anthropogenic contribution of nN in the stream.
1.2.2.3 Research Question 3: Does the watershed payment formula and institutional framework
created during this field experiment elicit desired participation and abatement
responses from farmers?
A specific set of social mechanisms is important to group ANP control approaches. For
example, the literature review below discusses peer monitoring (Sohngen and Taylor, 2005; Isik
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and Sohngen, 2003) and more generally cooperation and teamwork (Hansen and Romstad,
2007; Vossler et al., 2006; Poe et al., 2004; Romstad, 2003). Meanwhile, it is not at all sure that
these social mechanisms will conform to local norms (see for example Sohngen and Taylor,
2005; Romstad, 2003; Breetz et al., 2005). Given that the current study seeks to induce
voluntary participation, abatement, and teamwork among farmers, how farmers and their
institutions respond will be central to project success.
Veblen saw that institutions played an important economic role. In 1899 he defined
institutions as "…special methods of life and of human relations…" and "prevalent habits of
thought with respect to particular relations and particular functions of the individual and of the
community…" (Veblen, 1953, p. 131132). More recently, North (1990) describes formal
institutions as the rules that people have devised, and informal institutions as "conventions and
codes of behavior", adding "that they can be any form of constraint that human beings devise to
shape human interaction" (p. 4).
Institutions enter the current study in at least three ways.3 First, project researchers and
participating farmers developed and signed a written agreement (section 2.4). This is the formal
institutional framework for the research project. This framework acknowledges a larger Federal
and State framework with, for example, language stating that "Project investigators make no

3

Alternatively, the relevance of institutions in the context of the ANP problem could be described in terms of
transaction costs. In "The Problem of Social Cost" Coase (1960) argues that transaction costs matter (see also
Coase, 1998). North (1990) takes up this argument and claims that in this paper Coase establishes that in the
presence of transaction costs, the allocation of resources does not agree with the allocation implied by neoclassical
models. North (1990, p. 27) writes that "the costliness of information is the key to the costs of transacting, which
consists of the costs of measuring the valuable attributes of what is being exchanged and the costs of protecting
rights and enforcing agreements. These measurement and enforcement costs are the sources of social, political and
economic institutions." Thus, he assigns institutions the role of reducing transaction costs. He goes on to describe
when these costs are more and less important (p. 3132), stating "when a flow [of income] is known and predictable,
rights are still easy to assure. When the flow of income from an asset can be affected by the exchange parties,
assigning ownership becomes more problematic. When the income stream is variable and not fully predictable, it is
costly to determine whether the flow is what it should be in a particular case."
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representations as to how participation in this project may influence eligibility for government
costshare programs." Second, this research project opens the door for engagement of a set of

Table 2. A Summary of Institutional Arrangements Under the Current Study
Outcomes
Action

Farmers are paid
for water flowing
from Cullers Run.

Opportunity

Challenge

Farmers receive
limited property right
to water, thereby
creating a quasi
private good.

Anticipated
Result

Farmers recognize
this as an
opportunity and/or
are able to convert
it into a real
opportunity.

Farmer welfare is
enhanced through
an endowment of
property rights.

Payments are
made to
participating
farmers as a
group.

A team approach
among watershed
farmers towards ANP
control is possible.

Farmers are willing
and able to jointly
address ANP and
manage payments.

Moral suasion,
sense of
stewardship, and
mutual support
are brought to
bear on ANP.

Payments are
based on water
quantity and
quality (nN)
measurements
taken at the base
of the watershed.

Farmers can devise or
select effective
abatement strategies
based on their current
land management
knowledge and
information.

Farmers can
acquire sufficient
information to
effectively act on
abatement
opportunities.

Costeffective
ANP abatement
actions are
undertaken.

informal institutional arrangements by not giving participating farmers any direction with respect
to how they are to go about managing their efforts within this project. And third, given this
freedom, the project observes whether norms already present in the watershed allow for an
effective individual and group effort to control ANP. The specific institutional possibilities that
the research seeks to capitalize on are summarized in Table 2.
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Chapter 2

The Field Experiment

The purpose of this chapter is to provide context to the subsequent discussion of theoretical
models, methodology, and results. It includes a section describing the experimental watershed, a
section explaining the choice of indicator pollutant, and a section on the formal institutional
agreement that establishes a relationship between the project and the farmers in the watershed.
2.1 Selecting the Experimental Watershed
The experimental watershed, Cullers Run, is located in a rural area of the Appalachian
Mountains (see Figure 2). Mathes (1995) describes the region as having long narrow valleys
with a humid, temperate climate. From 1998 to 2004 the area averaged 40.5 inches of
precipitation per year (Cacapon Institute, unpublished data).

Figure 2.

Watershed Location, Hardy County, West Virginia
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Cullers Run is a tributary of The Lost River, which is part of the Chesapeake Bay watershed.
The Lost River has been declared an impaired water body. Consequently, a Total Maximum
Daily Load has been developed for fecal coliform bacteria (USEPA Region 3, 1998), and the
Lost River watershed receives Federal NPS pollution abatement support through Section 319 of
the Clean Water Act (USEPA, 2005; WV DEP, 2000; WV DEP, 2008). More generally, a recent
joint report of the USEPA and the US Department of Agriculture (USDA) claimed that efforts to
stem the flow of nutrients into the Chesapeake Bay were insufficient to meet reduction targets
(USEPA and USDA, 2006) with ANP being the biggest contributor. Thus, ANP control is key
to improving water quality, and Cullers Run is symptomatic of the current water qualityNPS
pollution standoff.
Cullers Run was selected as the experimental watershed with three considerations in mind:
importance of agriculture, small size, and availability of data. Almost 17% of the watershed is
devoted to agriculture, most of which is pasture or hay land. Row crops comprise 3.63% of the
agricultural land, primarily in the floodplain (Cacapon Institute, 2002). The watershed is located
in Hardy County, West Virginia’s largest poultry production county (National Agricultural
Statistics Service, 2005). There are approximately twelve poultry houses conducting intensive
poultry production in Cullers Run. Much of the local demand for agricultural fertilizer is met at
a relatively low cost with manure from this poultry production. The rest of the watershed is
primarily forest.
The watershed has an area of approximately 7,360 acres which is small enough to limit the
number of farmer households that could participate in the project. Based on communications
with farmers, there are approximately 28 households farming in the watershed. Small group size
reduces the information burden on farmers (see Weersink et al., 1998; Ribaudo et al., 1999).
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Because stream flow data for Cullers Run was lacking, prices and payment estimates were
based on simple watershed model projections of stream flow. A small watershed made it
possible to estimate a budget for farmer payments with sufficient precision.
With respect to data on water and water quality, this watershed was included in a previous
water quality study (Cacapon Institute, 2002). The data collected during this study enabled an
evaluation of watershedlevel water quality conditions and landuse prior to the experiment.
Also, the Cacapon Institute website provided data on regional rainfall. Finally, approximately 22
miles north of Cullers Run is a U.S. Geological Society stream gauge site. This site measures
stream flow in Waites Run, a watershed of 8064 acres. Given that the Waites Run watershed is
approximately the same size as that of Cullers Run, the flow data from Waites Run was useful in
developing the pricing and payment scheme.
2.2 Choosing an Indicator Pollutant
ANP pollution can consist of multiple constituents including sediment, bacteria, and a suite of
nutrients. These constituents vary spatially and temporally in hard to predict patterns that are
determined partly by weather and land use. Ease of observation, measurement, and control also
differ between these constituents. I had data from the study area for bacteria, turbidity, various
forms of phosphorus, and nN (Cacapon Institute, 2002). This data showed that nN ambient
concentration, and therefore load, varied more predictably with rainfall than other pollutants, and
its presence was positively related to the extent of agricultural land. In addition, it is a relevant
pollutant with respect to water quality. For example, Mathes (1995) studied water quality in the
Lost River and found that Cullers Run produced the highest mean and median concentrations of
nN of the 23 streams he sampled. Morgan and Nicole (2001) look at the value of nitrate and
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phosphorus reductions in the Chesapeake Bay. They assign a value to reduction of these
nutrients of between 357 million and 1.8 billion dollars.
Use of nN does, however, entail some disadvantages. Unlike turbidity, it is not visible. In
addition, it may reside in subsurface water, thus producing a time lag between when it is
generated and when it contributes to ambient stream concentrations. Lastly, it is also the product
of specific agricultural activities, primarily fertilizer use, poultry production, and livestock
rearing. While neither an advantage nor a disadvantage, this may alter the dynamic between
watershed residents because certain farmers will be viewed as responsible for the bulk of the
ANP pollution.
2.3 Measuring Water Quality and Quantity
Water quantity and quality measurements are conducted by the Cacapon Institute, a partner
organization in the umbrella project. Cacapon Institute is a watershed nonprofit organization,
and is certified by the West Virginia Department of Environmental Protection to measure nN,
total phosphorus, turbidity, and fecal coliform bacteria. To measure water quantity, Cacapon
Institute installed an automatic stream gauge monitor near the base of Cullers Run watershed.
This device measures stream height every 15 minutes, and these data are used to calculate
Cullers Run discharge. To calculate nN load, Cacapon Institute samples nN concentration at
the middle and end of each month, at the base of the watershed. Concentration measures are
converted to daily nN loads by assuming constant concentrations on the sampling day, and
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using the total discharge from Cullers Run4 on the sampling day to estimate loads for each
stream.5,6
2.4 Institutional Framework
As summarized in Table 2, this research seeks to bring local informal institutions to bear on the
ANP problem, while allowing for realworld context including individual personalities,
heterogeneous household constraints and opportunities, and farmlevel management alternatives.
It does this by providing a formal institutional framework that establishes three conditions. First,
the experiment confers a limited implicit property right to water. The payment system outlined
above generates strictly positive payments that are an increasing function of improved water
quality. This contrasts with tax/subsidy systems under which farmers can be penalized for water
quality that falls below a preset target (see Segerson, 1988).
In part this addresses the concerns of riskaverse farmers since there are positive payments
even in the face of poor water quality. However, more fundamentally, these payments confer an
implicit limited property right to water quality. This is something that Weersink et al. (1998) cite
as a potential way to increase the provision of environmental amenities from agriculture. In the
context of this research it represents a potentially important institutional shift.
Second, this payment system also seeks to induce teamwork among farmers in the watershed
to reduce ANP pollution. Prior research above establishes that ambient concentrations of a
pollutant are a mixture of farmlevel emissions which makes estimating farmlevel emissions
infeasible. Thus, a natural linkage between farmers is created (Romstad, 2003) that grouplevel
4
5

NitrateN load are also estimated in the fashion on Waites Run, another stream in the same county. Waites Run
discharge is available from the USGS website at http://waterdata.usgs.gov/wv/nwis/uv?01610400. How the load
estimates from Waites Run and Cullers Run are use to assign an weathersensitive measure of water quality in
Cullers Run is explained in section 5.1.2.
6
See the methodology section for a complete explanation of the concentration to load conversion.
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payments based on water quality may be able to exploit. The extent to which teamwork actually
develops will depend partly on the informal institutions present among the farmers in the
watershed as discussed above.
Third, in contrast to traditional cost share programs, the payments made in this field
experiment are based on water quality performance. This increases flexibility and consequently
costeffectiveness of conservation actions (Ribaudo et al., 1999). Segerson and Miceli (1998)
list three potential benefits to performancebased voluntary environmental agreements: they
encourage proactive cooperation; they provide freedom to find costeffective solutions tailored
to circumstances, and they meet environmental targets more quickly. This flexibility allows
farmers to put their own land management skills to use in addressing the ANP problem.
Creating "fertile ground" for the actions summarized in Table 2 to take hold requires a
framework that models a constructed market and defines roles of participants. With the help of a
West Virginia University lawyer and input from interested farmers, a major part of this
framework included an agreement between project investigators and participating farmers. The
provisions of the agreement include those listed below.7

For participating farmers:
·

To participate in this project, a person must own or operate agricultural land in the
Cullers Run watershed. Project investigators will be responsible for determining if a
potential participant qualifies for the project.

·

Participation in this project is voluntary and is initiated by signing this contract. Those
signers entering this contract before April 1, 2007 will be referred to as “the Initial

7

A complete agreement is in Appendix 5.
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Participants.” Eligible farm owners or operators signing up after April 1, 2007 are
subject to watershed payment allocation rules as determined by the Initial Participants.
·

Participants signing the contract can chose to leave the project at any time with no
penalty or further obligation.

·

Under this project, payments will be made monthly to “The Group”. Initial participants
will determine how these monthly payments are allocated among the project participants.
The resulting allocation rules will be presented to the project investigators, who will use
these rules to distribute the monthly payments and be responsible for disbursements.

·

As guidance rather than requirements: project participants are able to select their own
best management practices (BMPs) or other management changes that may impact water
quality; signing this contract does not obligate any participant to undertake BMPs;
participants are not required to implement any BMPs; “The Group” should consider how
to reallocate monthly payments when eligible farm owners or operators cease or start up
participation.

For Project Investigators:
·

Participation in this project by project investigators is not voluntary. There are no
provisions that permit withdrawal of project funds.

·

Project investigators will calculate the amount of each monthly payment to “The Group”
and distribute this payment among project participants based on written allocation rules
provided by “The Group”. Payments will be distributed by check from the Cacapon
Institute. The amount of the payment will be computed by project investigators based on
an accepted payment formula and prices.
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·

Total monthly payments to “The Group” will be capped at $30,000 during year one of the
project.

·

The quality adjustment factor is the ratio of nN load (pounds per month) in Waites Run
divided by nN load (pounds per month) in Cullers Run.

·

Project investigators will provide financial support for workshops or technical experts to
assist in determining the costs and water quality/quantity consequences from agricultural
BMPs and other land use management changes that participants can implement.
Forecasts of the potential impacts of these changes on monthly payments will be
provided to participants.

Monthly payment statements are also an important part of the overall field experiment
framework. Specifically, they serve two functions. First, they ensure that the participating
farmers have access to all the relevant budget information. On the payment statements this
takes the form of the monthly payment amount, the balance of the group account, and an
itemized listing of payouts from the group account to farmers. Second, they ensure that
participants see the link between water quality performance and the payment. This is
accomplished on the payment statement by showing the actual nN loading in Waites Run
and Cullers Run that make up the adjustment factor for the month. There is also a sensitivity
analysis that shows what the payment would have been with one pound per day less nN in
Cullers Run, 25% less nN in Cullers Run, and 25% more nN in Cullers Run. A sample
payment statement, with farmer names removed, is included as Appendix 6.
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Chapter 3

Literature Review

The economic incentives at the center of the current study are performancebased. In the case of
this study, this means that the incentive level is a function of the ambient concentration of
pollutant.8 The incentive is also groupbased. Any approach that is based on ambient
concentration is, in a sense, groupbased because the ambient concentration of a pollutant results
from the mixing of emissions from all the farms. However, the literature on group approaches
investigates ambientbased incentives with some level of communication or teamwork among
farmers. Thus, there is a degree of group functioning above and beyond the fact that individuals
are responsible for ambient pollutant concentrations. In the majority of these cases, payments
are still made to individuals.
3.1 AmbientBased Mechanisms and ANP
Segerson (1988) saw the need to treat nonpoint source pollution (NPSP)9 as distinct from point
source pollution from a regulatory perspective. Specifically, an individual’s emissions cannot be
feasibly monitored, and it is difficult to relate the actions of individuals to ambient water quality.
She argues that simply requiring BMPs to reduce NPSP is inflexible and probably not cost
effective. In addition, she adds that emissions may not correspond to damages. She develops an
economic incentive scheme that uses subsidies to reward for satisfactory water quality, and
taxes/fixed charges to penalize for substandard water quality. In the case of multiple firms, her
incentive scheme is presented as follows:

8

Technically speaking, the incentive in the current study is actually a function of "load" (measured as pounds nN
per day) rather than "concentration" (parts nN per million) because nitrateN is the pollutant of concern. However,
load is a function of concentration and discharge, and ambient concentration is typically discussed in the literature
so I will stay with the term "ambient concentration."
9
I use NPSP to refer to research that dealt with nonpoint source pollution in a generic sense, as opposed to nonpoint
source pollution related to agriculture.
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where Ti(a) are payments that depend on ambient concentrations relative to a predetermined
threshold level, a , and ki is a fixed penalty imposed when the threshold is exceeded. In the
shortrun when output prices are fixed, and farmers are noncooperative and riskneutral, she
shows that a polluter can be induced to optimal abatement. Her longrun analysis addresses
issues of output level and industry size, by including the condition that for each firm the
expected benefits of the firm equal the costs of the operation. As advantages she argues that this
approach does not require continual monitoring of firm practices, government interference in
daytoday operations is minimal, and flexibility ensures costeffectiveness. Among the
disadvantages she cites the information requirements of calculating the proper levels of tax
subsidy and penalty for each firm, and the questionable acceptability of taxes that differ between
firms. Her incentive scheme has since spawned a vast body of literature on ambientbased
incentives.
Horan et al. (1998) argue that Segerson has over simplified by collapsing multiple factors
affecting emissions into a single variable, typically termed "abatement effort". They consider
cases where firms have multiple options for changing their nonpoint source emissions, and find
that they deliver efficient results only under restrictive conditions.10 Horan et al. (1998) also
argue that Segerson's version of ambient taxes cannot be "budgetbalancing", where budget

10

These conditions include fewer than three production choices impacting ambient concentration, and a covariance
of zero between marginal damages and marginal impact of input use for all firms.
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balancing means that total team payments are equal to the value of the output citing Holstrom
(1982). In the case of ambientbased taxes on ANP, the output is pollution and the value is the
taxsubsidy. They address this shortfall in the longrun with a statedependent lump sum tax
subsidy to all firms.
Xepapadeas (1995) makes the point that Segerson's approach may not be appreciated by
farmers. More specifically, he contends that a farmer may not accept paying a fee based on her
emissions, while still being liable for a tax influenced by the actions of others and by weather.
As an alternative, assuming stochastic pollution and profitmaximizing riskaverse farmers, he
presents a combination of ambient and Pigouvian taxes. He argues that this transforms the
nonpoint source into a point source because farmers will reveal at least part of their emissions to
insure themselves against paying ambient taxes.
Spraggon (2002) examines the ability of an ambientbased instrument to address the group
moral hazard problem. Moral hazard is defined as the problem of inducing farmers to reduce
their consumption of a common resource where there is a "difference between socially and
individually optimal action, in combination with nonobservability of the individual agents'
actions" (p. 428). Examining incentive schemes like those developed by Segerson (1988), he
contends that costly monitoring or competition between teams is often called for, but incentive
design can in fact solve this problem. His experiments indicate that given certain payment
outcomes, the taxsubsidy and tax instruments are most able to induce optimal aggregate group
performance, but that the problem of individual freeriding remains. Spraggon (2004) relaxes
the assumption of homogenous agents and finds that, in an experimental setting, contracts can
induce the correct level of abatement but inefficiencies and inequities occur. More specifically,
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while they can induce the socially optimal level of total pollution, there is inequality among
emitters that renders the result inefficient.
Peterson and Boisvert (2004) consider a slightly different aspect of the problem of
asymmetrical information between farmers and the regulator. They examine the contention that
the regulator will know less than farmers about farmer risk preferences, technology types, and
input use. In an empirical policy simulation of their model, they find that New York State
farmers would underparticipate if the payment scheme assumed riskneutrality. Thus, they
argue that the regulator needs to account for the diversity in risk preferences to induce farmers to
participate. Bontems and Thomas (2006) present another case where privately held risk
preferences can pose a problem for the regulator.
Segerson and Wu (2006) present a model that combines a voluntary approach with the threat
of an ambientbased tax. Their results indicate that when this combination is applied to a
heterogeneous group of farmers it may induce costminimizing abatement without the need for
farmspecific information. Suter et al. (2006) build on this paper by examining a policy that
replaces an exogenously set tax threshold, with a tax threshold that is based on noncompliance
in the voluntary stage. The authors argue that this at least reduces a coordination problem
inherent in the approach presented by Segerson and Wu.
Cabe and Herriges (1992) evaluate a multizone version of Segerson (1988) and raise the
issue of the information burden imposed on the regulator by such a system. More specifically,
they cite the regulator's need to know the nature of firm costs, ambient pollution in each zone,
and the nature of damages in a given area springing from the ambient pollutant level. They find
that if there is a difference between the regulator's and the farmer's belief on the pollutant
transport mechanism, then optimal social welfare can settle well below its maximum.
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There are of course, skeptics of ambientbased approaches. Ribaudo et al. (1999) postulate
that the advantages of ambientbased instruments are overcome by informational requirements
placed on emitters. Information concerns lead Horan and Ribaudo (1999) to recommend design
based incentives that target input use and management practices directly. Weersink et al. (1998)
consider the possibility of ambient charges and subsidies, and citing Cabe and Herriges (1992),
they argue that this approach is best suited to smaller areas with homogenous farms who lack the
expertise and information to deal effectively with ANP.
Shortle et al. (1998) summarize the difficulties of implementing an ambientbased ANP
control program by citing the challenges a household may have with finding the technical
information needed to take effective abatement actions, the potential time lag between current
ambient pollutant conditions and the past land uses that generated these conditions, and the
possibility that an individual can take costly abatement action and face worse ambient conditions
because of other's shirking or bad weather. They argue that ambient tax schemes may be limited
"in what they can accomplish" because "firms are not rewarded or penalized according to their
own performance" but rather group performance, and "uniform abatement taxes shift the burden
of information from regulators to firms" (p. 580). With respect to the latter, they write that
because most private nonpoint polluters are small businesses or households with limited
technical capacity or information this shift may not make sense economically. They finish by
citing the need to evaluate how real decisionmakers respond to ambientbased mechanisms.
Horan et al. (1999) citing the diffuse, stochastic nature of ANP, declare that paying farmers to
take actions to improve the environment "cannot be based on reductions in emissions" but rather
"they must be based on observable aspects of the nonpoint pollution process" (p. 1211).
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3.2 GroupBased Mechanisms and ANP
A related body of literature has emerged that uses ambientbased instruments in a voluntary
setting where farmers cooperate or work in groups to address problems of asymmetrical
information highlighted in Table 1. As presented by Seabright (1993), group cooperation springs
from the need for collective management of common property resources. He defines a common
property as one that is rival in consumption, but managed by a limited group, where the group
management springs from the lack of complete contractual relations governing responsibilities
and entitlements. In developing countries where property rights are unclear, local communities
often elaborate detailed informal ways of managing common property resources. Although the
current study is not from a developing country, the property rights to the use of water are not
clear in practice. Perhaps the best example is the groundwater withdrawals of poultry producers.
Curtis et al. (2000) report that poultry production with evaporative cooling in a 500 foot long
poultry house requires up to ten gallons of water per minute. In West Virginia groundwater
withdrawals by poultry producers are subject only to the cost of pumping.
Romstad (2003) writes that ANP ties farmers within a watershed together through pollution
of local streams. Citing Seabright (1993), he argues that the informational structure is also
important in that farmers may have information on, for example, ANP reduction efforts, and
fertilizer management, of other farmers. He goes on to develop a model that exploits this
informational advantage, although the resulting social benefits are more variable than a standard
regulatory approach. Pushkarskaya and Randall (2002) also consider a relative informational
advantage that farmers have over the regulator. In their case, they develop a contract that
addresses the contention that the regulator knows less than farmers about the farmers’ cost
functions. While cost function information is still informationally burdensome for farmers to
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gather, Pushkarskaya and Randall stipulate that over time farmers and the regulator can learn
more. Isik and Sohngen (2003) also argue that uncertainty and information problems are
important regulatory challenges, and they investigate contracting mechanisms that bring joint
liability and peer pressure to bear. According to them, this becomes possible because farmers
know more about each other than the regulator knows about them, they live near to each other,
and they have social ties that they value. For their contract mechanism to work, the authors
assume that low effort results in nonmonetary punishment and expulsion from the group.
Specifically, they describe contracts between a point source and a group of farmers, where the
payment received by farmers is determined in part by the amount each bids at an auction. If the
group meets its ambient target then each farmer receives a fixed payment and an additional sum
determined by her bid amount and the price per ton of abatement. If the target is not met, each
farmer receives only the fixed payment.
Cochard et al. (2005) introduce the idea that in the context of ANP and ambient taxes, there
are two levels of group interaction. The first level relates to the externality, due to one farmer's
runoff that is felt by other farmers within the group. The second level is the result of farmers’
payoffs being interdependent. These interactions can lead to collusion, which runs contrary to
the noncooperative assumption underlying many of the ambient tax/subsidy models. He argues
that inputbased instruments do not depend on the actions of other farmers. His experiments
compare the relative performance of taxes on inputs and ambient pollutant levels, and the
ambient tax/subsidy scheme. He concludes that the ambient tax/subsidy scheme decreases social
welfare and its effect is unreliable, and as a consequence models that can explain collusion are
needed.
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Vossler et al. (2002) conduct experiments, using university students, that test the
mechanisms of Segerson (1988). They find that when polluters are allowed to talk, one must pay
special attention to overcompliance in the face of potentially large fines, or undercompliance to
reap large subsidies. This stems from the nonbudget balancing properties of the mechanism.
More recently, Poe et al. (2004) and Vossler et al. (2006) extend Segerson’s work with
experiments that allow polluters to cooperate through costless, nonbinding discussion prior to
making commitments. The experimental work of Poe et al. (2004) addresses the concern that
Segerson's assumption of noncooperative farmers does not correspond with a real world setting.
Looking at a range of schemes involving taxes, subsidies and fixed payments, they find that non
binding discussion between agents does indeed affect outcomes. They also find that the
discussion leads to overabatement with corresponding payments well in excess of benefits from
pollution reduction. Vossler et al. (2006) inject nonbinding discussion into a similar set of
mechanisms and conclude that "Communication does matter and needs to be incorporated into
future theoretical work and policy design of ambientbased pollution control mechanisms" (p.
612). These findings are echoed by Suter et al. (2008) who argue that with communication,
group profit maximization results in emissions that are too low. However, because the
individuals begin to coordinate their efforts their "implied grouplevel maximization problem" is
the same as that of the social planner (p. 101). This permits the regulator to target one agent,
namely the group, when setting liabilities.
Taylor et al. (2004) anticipate a high information burden to calculating the correct
incentives. They propose a team contract combined with an auction to address this problem.
Based on focus group results, Sohngen and Taylor (2005) conclude that farmers may not be
willing to take on a monitoring role with respect to their neighbors. Millock and Salanie (2005)
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define cooperation in the context of NPSP abatement as “…the ability to coordinate emissions in
order to maximize joint profits…” They develop an approach that addresses the contention that
the level of cooperation within a group is hard for a regulator to observe. Hansen and Romstad
(2007) describe a mechanism that is robust to unobserved cooperation, and also approximates the
correct incentives for firm entry and exit.
3.3 Literature Review Summary
For the purposes of the current study, two conclusions can be drawn from the literature above.
First, almost all the instruments cited above involve regulation of some sort. Exceptions to this
would be the contract described by Taylor et al. (2004), and the partly voluntary approach
presented by Segerson and Wu (2006). Meanwhile, the current study is a purely voluntary
approach. This limits the usefulness of the above cited literature somewhat. For example, a
purely voluntary approach involves a participation constraint (see Varian 1992, and theoretical
Model I described below).
Second, a set of social mechanisms seems to be important to group ANP control approaches
cited above, for example, peer monitoring (Sohngen and Taylor, 2005; Isik and Sohngen, 2003)
and more generally cooperation and teamwork (Hansen and Romstad, 2007; Vossler et al., 2006;
Poe et al., 2004; Romstad, 2003). However, there is very little information on the extent to
which teamwork would agree with local norms. A few glimpses are provided below.
Sohngen and Taylor (2005) write that a farmer focus group responded negatively to the
possibility of water quality contracts that required peer monitoring and peer pressure. Romstad
(2003) discusses the importance of an "exit option" that supports team compliance. In his
model, without such an option a farmer will selfreport an emission release to cover for another
farmer’s failure to comply. The second effect of the exit option is that it creates a separating
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equilibrium that accommodates teams and farmers who opt out. He acknowledges the potential
of "social relationships among agents, the existence of 'difficult individuals', etc.," (p. 76) to also
influence which equilibrium will emerge. Xepapadeas (1995) raises the possibility that farmers
may not want to participate in schemes that make them liable for the actions of other farmers or
weatherrelated events. Breetz et al. (2005) look at the low farmer participation rates in water
quality trading programs. They argue that "farmers' participation decisions … have a strong
social component that has been overlooked" (p. 173). This implies that it may be important to go
beyond mechanical monetary analysis by considering the local norms that may hinder or
facilitate the teamwork that the current study hopes to induce. Unfortunately, almost all of the
research summarized above is theoretical or experimental. Various authors have cited the need
to compliment or build on this work by injecting realworld context (Segerson, 2008; Shortle et
al., 1998). The research described in this dissertation does not eliminate any context, but rather,
adds a minor element, water quality payments, to an existing realworld context. This context
consists of heterogeneous households, farms, and individual sensibilities operating within a pre
existing institutional framework.
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Chapter 4

Theoretical Models

This chapter presents three behavioral models. Model I describes why a farmer would or would
not participate in a project that provides payments for water quality protection. Model II
demonstrates when abatement efficiency can be achieved under group payments at the watershed
level. Model III examines the use of a costshare approach to reduce damages rather than
reducing input use. These models help to explain farmer behavior in the context of monthly
group payments based on ambient water quality. To economize on space all model variables are
defined in Table 3.
4.1 Model I: Farmer Participation
Some management innovations are minor in scope, for example, going from high tension pasture
fencing to electrified fencing. Such a management change is mostly technical and introduces
little additional uncertainty. Innovations like this are often evaluated with simple profit
maximization or cost/benefit analysis. However, water quality conservation may require new
technologies, introduce uncertainty, and impinge on cultural concerns. Along these lines, Breetz
et al. (2005), looking at participation in water quality trading programs, cite the importance of
equity, the possibility of negative publicity, and lifestyle goals. They assert that simple profit
maximization models do not capture these elements. Koundouri et al. (2006) write that
uncertainty associated with adopting a new agricultural technology includes production
uncertainty, perceived riskiness of future profits, and price uncertainty.
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Table 3. Model Variables and Functions
Variable or
Function
A

a

Description
Production technology, a discontinuous scalar. The productivity of a given technology
can be either positively or negatively related to runoff. The adoption of new
technologies, denoted by DA , involves cost share assistance to allow for technologies
not otherwise chosen by a profit maximizing farmer.
Ambient concentration of pollutant from all farmers and all production sites,
a = a(r1 ,..., rn ,W ) where ¶a ¶ri > 0 .

CS

Cost share, a function of change in technology, DA .

D

External damage, D = D(a ) where ¶D ¶a, ¶ D

gj

gk

2

( ¶a )

Farmer j's portion of watershed payment. May be fixed,

2

³0 .

g j , or a function of runoff,

g j = g j ( ri ) , from each of farmer j's production sites.
Portion of watershed payment received by group this is not dedicated to costsharing,

g k = g k ( E{D ( a )})

where E is the expectations operator.

N
q

Number of farmer participants.
Quantity of water from the watershed. Assumed to be weatherrelated.
Runoff from the ith production site, ri = ri ( xi , Ai ,vi ) , with ¶ri / ¶xi , j > 0 ,

ri

Dri DAi > 0 for runoff increasing inputs or technologies, and ¶ri / ¶xi , j < 0 ,
Dri DAi < 0 for runoff decreasing inputs or technologies.

vi

Captures site specific random occurrences that affect runoff.

W

Vector of weather and other stochastic events.
Level of input use at the ith production site. Variations include a subscript "w" to

xi
z

EU ( · )

p j (·)
WP ( · )

indicate runoff reducing inputs, and x which indicates total variable inputs.
A vector of sociodemographic variables.
Expected utility.
Profit of the jth farmer treated as random,

¶p ¶x > 0, ¶ 2p

p j = p j ( xi , Ai ) ,

( ¶x )2 < 0 .

Watershed level payment which is a function of a.

C (·)

Cost of changing production technology.

S j (·)

Personal attitude of farmer j towards water quality stewardship

In the presence of concerns like these, authors have employed models of expected utility
(Koundouri et al., 2006; Havlik et al. 2005; Feather and Amacher, 1994). In addition, Breetz et
al. (2005) argue that perceived fairness may be an important criterion in a farmer’s decision to
participate in a water quality program. With these issues in mind, the model in this section
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considers the possibility that simple profit maximization does not always describe farmer
behavior (Tanaka et al., 2005; Breetz et al. 2005; Young and Shumway 1991; Lin et al. 1974).
Considering that ANP abatement may require new technologies, introduce substantial
uncertainty, and impinge on existing cultural norms, this model assumes that farmers maximize
the expected utility from annual net income when faced with the potential for increased income
uncertainty with watershed payments.
Following the logic of Lin et al. (1974) who present an expected income versus variance of
income (EV) frontier (see also Buccola and French, 1977), in this model a farmer invests a
given set of variable inputs like labor, fertilizer, and seed, in a way that maximizes expected
utility for the minimum variance frontier she is facing. Each point on this EV frontier
represents a production plan with the minimum variance for a given level of expected income.
Efficiency is reached when expected utility is just tangent to the minimum variance frontier as
depicted by the pair of curves EV1 and EU1 in Figure 3 where optimal variance is var* and
optimal expected income is y*.
This is represented empirically by equation (2) which states that farmers maximize the
expected utility from profit each year where profit is a random variable, with
distribution f (p ( x )) , acted on by farmerdetermined levels of these inputs.

(2)

Max EU = ò U (p ( x ) | z ) f (p ( x ))d (p )
x

s.t. x = å xi + x w

w

i

The utility function is assumed to be concave with respect to income (Koundouri et al., 2006).
For rational farmers the efficient production plan results in their highest expected utility curve
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being tangent to the EV frontier. Inputs are assumed to be limited in the short run between
production activities (xi) and runoff reducing (xw).
Equation (1) implies that farmers actively manage risk in their production decisions (see
Leathers and Smale, 1991), and that a reallocation of inputs will entail changes to both expected
income and variance of income. Equations (3), (4) and (5) present the Lagrangian and firstorder
conditions for determining optimal allocations of xi and xw restricted on a given EV frontier.

(3)

æ
æ
öö
L = ò ççU (p ( x i ) | z ) f (p ( xi ))l ç x - x w - å xi ÷ ÷÷ d (p )
i
è
øø
è

(4)
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(5)

éæ ¶U ¶p ö
ù
æ ¶f ¶p ö
¶L
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÷ ´ f (p ( xw )) + U (p ( xw )) ´ ç
÷ - l ú d (p ) = 0
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û

Manipulating equation (4) and (5) leads to the straightforward conclusion
that ¶ EU / ¶ xi = ¶ EU / ¶ xw . However, an important observation is that a change in xw and xi
affects utility not only through its impact on income, but also through its impact on variance of
income (risk) as shown by the appearance of the distribution function in the firstorder
conditions. This second effect captures the potential for increased risk that farmers face when
altering production practices, and allows for a discussion of participation versus non
participation.
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Expected Income

Figure 3.

y*

The EV Framework

Varian (1992) presents a participation constraint whereby an individual maximizing a
general von NeumannMorgenstern utility function will participate in an action if it entails an
increase in expected utility over a reservation utility. Looking at Figure 3, the pair of curves E
V1 and EU1 represents the initial level of expected utility. The model assumes a rational farmer
selecting the production plan where the minimum variance frontier is tangent to the expected
utility curve. At this point she receives income y* with a variance of var*. The pair of curves E
V2 and EU2 represents the resulting level of expected utility given an upward shift in the
minimum variance frontier. This would entail a decrease in expected utility, and consequently, a
decision not to participate voluntarily if reservation utility was equal to the initial utility.
Conversely curves EV3 and EU3 show a downward or rightward shift in the minimum variance
frontier. This allows for an increased level of expected utility. In this case the participation
constraint is met, and the model assumes that the farmer would participate.
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4.2 Model II: Abatement Efficiency
Synthesizing numerous authors Ribaudo et al. (1999), describe efficiency conditions in the
context of ANP pollution. Citing Freeman (1993) and Just et al. (1982) they present the
following technologyrestricted objective function maximizing the expected net surplus to
society, where the variables are listed and described in Table 3.

n

(6) J ( A) = Max å p 1 ( xi , Ai ) - E { D ( a )}
xi , j , n

i =1

Equation (6) includes a subscript n referring to the number of firms. In the longrun, efficiency
requires optimal firm entry and exit (Horan and Ribaudo, 1999; Horan et al., 1998; Segerson,
1988). However, I focus on the role of inputuse and choice of technology, and leave this aspect
of the mechanism for future research. Given equation (6) as an objective function, the firstorder
condition for a maximum with respect to input use is:

(7)

¶J ¶p i ìï
¶a ¶ri üï
=
 E íD'(a )
ý =0 " i, j .
¶xij ¶xij îï
¶ri ¶xij þï

From equation (7), Ribaudo et al. (1999) conclude that efficient input use occurs when marginal
net private benefits from input use are set equal to the expected marginal external damage as
shown in equation (8). If the externality is ignored they argue that the use of runoffreducing
inputs will be too low, and this condition will be violated.
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(8)

ìï
¶p i
¶a ¶ri üï
= E íD'(a )
ý " i, j
¶xi , j
¶ri ¶xij ïþ
ïî

This point is depicted graphically by M2 in Figure 4 as the intersection of marginal external
damage (MED) and marginal profit (Mp). Ribaudo et al. (1999) argue that when damages are
ignored this condition is violated and resulting runoff levels will be too high. Figure 4 shows
input use decreasing from x0 to x1 when external damages are brought into the farmer's objective
function.

$

MSC

MPC

MED
M2

M3
x1 x0 Mp

Figure 4.

MPB
q

Efficiency Conditions for Input Use

The optimal vector of technologies across farmers and fields satisfies the condition shown in
equation (9) (Ribaudo et al., 1999). Interpreting equation (9), at optimality technologies are
arranged such that maximized net profit is greater than or equal to expected damages while any
other configuration of technologies would result in damages overtaking net profit. Thus, the
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ability of farmers to maximize net profits in aggregate with their choice of technology is
constrained by the effect a given choice will have on expected damages.
Extending the above model to group watershed payments, I develop two versions which
examine how payments based on ambient concentrations of a pollutant might achieve efficiency.
The first version is the simplest approach called "fixed shares". Here, each farmer receives a
given portion of the watershed payment, which is assumed to be 1/N. The second version is
"reward and penalize". In this version, the portion of each watershed payment that farmer j
receives is based on her runoff such that highrunoff farmers receiving a smaller portion, and low
runoff farmers receiving a greater portion. In both versions, an implicit property right is
transmitted to farmers through a strictly positive watershedlevel payment. To account for
environmental variation in ambient quality, payment levels are adjusted for W.11
4.2.1 Version I – “Fixed Shares”
With watershed payments, a general objective function for the jth farmer that applies to both
versions is:

(10)

Max f

= p j ( xi ) + g j ( ri ) ´ WP ( q, a;W )

xi

11

Horan et al. (1998) include a separate variable for naturally generated levels of a pollutant. In the current study I
attempt to control for natural as well as anthropogenic pollutant generation with W as described below.
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When γj is fixed, it is version I and when γj varies with ri the objective function is the "reward
and penalize" version of Model II because farmer j's portion of the watershed payment is a
function of runoff from her fields. This variable can be called adaptive because payment shares
can be set by farmers prior to watershed payments being made, and then adjusted as more
information about ambient quality impacts is collected. The firstorder condition for optimal
input use is:

(11)
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There are now two perspectives to reconcile. The regulator is interested in the efficiency
condition shown by equation (8). Therefore, in the context of group watershed payments, he sets
the payment such that the marginal change in the group payment is equal to the expected
marginal economic damage from input use of all farmers on all production sites at the watershed
level as shown in equation (12).

(12)

ìï
æ ¶WP ¶a ¶ri
¶a ¶ri üï
E íD'(a )
ý =  çç
¶ri ¶xi , j þï
îï
è ¶a ¶ri ¶xi , j

ö
÷÷ " i, j
ø

This is efficient and budget balancing at the watershed level.
Meanwhile, the farmer faces the efficiency condition shown in equation (11). When group
payment shares are not a function of external damage, then the second term on the righthand
side of equation (11) disappears. Eliminating this term leaves:
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This condition shows the challenge posed by group payments. In this case, farmer j will face
only a portion of the cost required by efficiency. For example, if each farmer's share of the
watershed payment is 20%, then farmer j will face only 20% of the decrease in the watershed
payment due to her marginal input of xi. For farmer j to face the full cost of her input use, the
watershed payment must be increased by 1/ g j . Thus, the regulator must overpay to meet the
condition shown in equation (12) for each farmer. This renders the policy non budget balancing,
and leads to problems of longrun inefficiency and suboptimal entryexit (Horan et al., 1998;
Segerson, 1988).
4.2.2 Version II  “Reward and Penalize”
When farm j's share of the watershed payment is made a function of her runoff, the second
term on the righthand side of equation (11) comes into play. With this in mind I combine
equations (8) and (11) giving me:

(14)

æ æ ¶g j ¶r ö
ö æ
ì
æ ¶WP ¶a ¶ri ö ö
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Equation (14) shows the conditions required to achieve efficiency when the regulator has set
payment levels based on equation (12). Equation (14) requires that the expected damage
resulting from the last unit of input xi are equal to the sum of the change in farmer j's share of the
payment multiplied by the payment, and the change in the payment due to the marginal unit of

38

input multiplied by farmer j's payment share. Put differently, equation (14) ensures that the
marginal cost of input use equals the marginal damage of input use, where the marginal cost is
the decrease in payment due to the decrease in payment share for the jth farmer, and the decrease
in payment to the jth farmer due to decrease in the payment to the group.
The challenge is now to use equation (14) to derive conditions that are efficient and budget
balancing. To start, I know that the amount farmer j is underpenalized for her runoff is equal to
(1 g j ) multiplied by the change in WP. This is the amount that farmer j's costs should increase.

I can set this equal to the first term on the righthand side of equation (14) to calculate how much
farmer j's payment share should be decreased as shown by equation (15).

(15)

æ ¶g j ¶ri ö
æ ¶WP ¶a ¶ri ö
çç
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÷
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Dividing equation (15) by WP indicates that farmer j's payment share should be decreased by an
amount equal to everyone else's share of the payment multiplied by the ratio of the change in
watershed payment over the watershed payment (equation (16)). As a consequence, equation
(16) entails a positive change in the payment share for all other farmers equal to the change in
farmer j's share divided by the number of farmers.

(16)

æ ¶WP ¶a ¶ri ö
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In summary, model II indicates that where farmers adjust the payment shares based on
runoff, the regulator can set group watershed payment levels equal to marginal damages and
achieve efficiency. If payment shares are fixed then the regulator must overpay in aggregate
resulting in a non balanced budget.
4.3 Model III  Reducing the Problem
The third model is "reduce the problem" where all farmers get equal fixed shares, but a portion
of each watershed payment is dedicated to costsharing of runoffreducing technology adoption.
The portion of the payment assigned to costsharing is assumed to be a function of expected
external damages. Like model II, this model captures how farmers may proceed in the context of
group payments.
Use of an adaptive variable as described in conjunction with Model II relies on two
assumptions; first that a farmer will reduce her use of input xi when confronted with a large
enough tradeoff, and second, that other farmers will make a collective decision to reduce her
payment share. Model III takes the perspective that farmers may reach efficiency, not by
changing a farmer's payment share based on runoff, but by costsharing to reduce runoff. In the
extreme, this is represented mathematically by equation (17), and graphically in Figure 4 by the
point M3.

(17)

¶p i
= E{D(a (xi , j ))} = 0 " i, j
¶xi , j

In this extreme case, the farmer maintains the original level of input x, while eliminating all
external damage. It is difficult to imagine an example of a farmer adopting a runoff reducing
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production technology that had no affect on input use. However, equation (17), and Figure 4
serve as a useful point of departure that assumes farmers will seek to reduce external damage as
much as possible while maintaining profit. This reduction in damages is the result of adoption of
runoffreducing technologies.
As was the case in Model II, as farmers learn more about the sources of runoff in the
watershed, they can adjust their response appropriately. In the context of Model III, farmers
become able to allocate costshare to reduce runoff, where the costshare finances the adoption
of a runoffreducing technology such as development of alternative livestock watering sources,
or construction of manure storage facilities. Therefore, the portion of the watershed payment
dedicated to cost sharing is based on expected future ambient water quality. I assume that the
group decides on cost share opportunities opportunistically, taking first those that generate the
highest payoff in terms of runoff reduction.
The objective function for farmer j under the "reduce the problem" approach is shown by
equation (18). Farmer j's share of the watershed payment is fixed in Model III. The farmer
seeks to maximize her present and future value each period by manipulating input levels and
production technologies. Value in the current period comes from current farm profit and the
current watershed payment. Future value is the net of the increase in future watershed payments,
and the decrease in future profit, due to adoption of runoff reducing production technology. The
cost of adopting these technologies is reimbursed to an undefined extent by cost share.

Max f

= p t ( xt ( At )) + (g j ´ g kt (a ) ´ WPt (q t , a t | Wt )) -

x, A

(18)

¥

C t (DAt ) + DCS t (DAt ) + å r t ´ (g j ´ (Dg kt (Da t ) ´ WPt (Da t )) + p t ( x, DA))
t +1

41

The firstorder conditions for this objective function are shown by equations (19) and (20).
Equation (19) shows that in the current period input use will be set equal to farmer j’s share of
the decrease in the watershed payment incurred through her use of input x. We see that, as was
the case in “fixed shares” version of Model II, farmer j only faces 1/N times the decrease in the
current watershed payment due to her last unit of input x. However, under Model III the farmer
can also change production technologies.

(19)

(20)

¶f ¶p
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Looking at equation (20), the first three terms show the impact in the current period of
changing production technologies. This includes a decrease in profit, the cost, and the cost share
amount. The next three terms in each future period capture the discounted value of the impacts
of the technology change. First are the discounted higher payments that result from a smaller
share of the watershed payment being devoted to cost share assistance. Second is the value of
the stream of higher watershed payments due to the decrease in future runoff. The final impact is
felt by the decrease in the value of future profits due to the adoption of the runoff reducing
technology. For equation (20) to be satisfied, farmer j must adopt a new production technology
so long as the net outcome in the current and future periods is positive.
Solving Equation (20) for cost share as shown in equation (21) indicates that the cost share
needs to compensate for loss in current profit and a substantial portion of lost future profit also.
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(21)

DCS (DA) = DC (DA) +
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Looking specifically at the future, equation (21) shows that farmer j will receive an increase in
watershed payments from 1) a decrease the amount allocated to cost share, and 2) an increase in
the payment due to a decrease in ambient pollution. However, both of these amounts will be
decreased by 1/N while the farmer will bear the full cost of lost future profit. This indicates that
cost share may be required to cover a portion of lost future profit also.
Setting firstorder condition 1 equal to firstorder condition 2 as shown in equation (22)
offers insight into how the Model operates over time. At the onset of payments, I assume that a
large portion of the watershed payment is dedicated to cost sharing given the adaptive nature of

g k (a ) . This reduces the size of the second term on the left hand side of equation (22) and
indicates that the farmer will make technology decisions based primarily on the tradeoff between

(22)
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¶WP ¶a ¶r Dp
+ g j ´ g k (a ) ´
»
+ DC (DA) + DCS (DA) +
¶x
¶a ¶r ¶x DA
¥

år

t

´ g j ´ (Dg k ´ (WP(· ) + g k ´ DWP(·)) + Dp ( x, DA))

t +1

the technology choice and marginal profit. However, as the portion of the watershed payment
dedicated to cost sharing decreases over time, the watershed payment received in the current
period increases. This increases the opportunity cost of marginal input use (
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¶WP ¶a ¶r
) in the
¶a ¶r ¶x

current period. For equation (22) to be satisfied in the face of increasing opportunity costs,
adoption of a given runoff reducing technology becomes increasingly attractive.
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Chapter 5

Methodology

This chapter has two main parts. Part 1 has to do with calculating prices for water and
estimating payments. This pertains directly to research questions 1 and 2. Each of these
questions generates an initial result, as well as an ex ante and an ex post evaluation. The ex ante
evaluation consists of payment and abatement simulations done before the farmers signed up to
participate. The ex ante evaluation was important to project researchers in determining that the
payments met the needs described below in section 5.1.1, and later to farmers who were deciding
whether or not to participate. The ex post evaluation examines the payments and abatement
incentives actually delivered based on field measurements. This helps project researchers
determine if the initial price and payment system conforms to section 5.1.1, and also if the ex
ante simulations were accurate. Part 2 relates to how farmers responded to the institutional
framework devised by the project, and directly to research question 3 methodology. It includes a
description of farmer surveys.
5.1 Research Questions 1 and 2: Prices and Payments
Directly below is a description of the needs that a payment schedule must address and
characteristics it must have. This provides a frame of reference for the discussion of the research
methodology for questions 1 and 2.
5.1.1 Payment Schedule Needs and Characteristics
A correctly specified payment schedule is critical as it defines the economic incentives created
for farmers. A payment schedule was designed to address the following needs:
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1) It must provide a transparent economic incentive that motivates landowners to
participate, and to pursue the desired behaviors. Horan and Ribaudo (1999) write that
incentives should induce appropriate input use and adoption of correct management
practices. For the purposes of this research the desired behaviors are pollution abatement
via decreased input use and BMP adoption, and to a lesser extent stream flow regulation.
Decreasing positive returns to quantity,
¶ payment / ¶quantity > 0, (¶ payment ) 2 / ¶ 2 quantity < 0 , would provide an incentive to
moderate stream flow. Assuming that abatement costs are convex (see for example
Pushkarskaya and Randall, 2002; Cabe and Herriges, 1992) payments should increase
according to ¶ payment / ¶quality > 0, (¶ payment ) 2 / ¶ 2 quality > 0 .
2) As mentioned in much of the literature reviewed above, the stochastic nature of ANP
poses a significant challenge to both farmers and a regulator. Thus, a payment scheme
should deal sensibly with environmental conditions. Regulating stream flow is even
more difficult to manage. This complicates the formulation of the payment schedule.
For example, one that includes sanctions for high levels of pollution in the aftermath of a
flooding rainfall would be unpalatable to potential participants.
3) Sohngen and Taylor (2005) find that farmers lack confidence in their ability to address
ANP with land management changes, while Ribaudo and Horan (1999) contend that
farmers often do not know of their pollutant contributions. Therefore, a payment scheme
needs to highlight any educational needs of participants. For example, watershed
payments in this experiment are reduced based on ambient concentration of nN as
described below. If a farmer wants to increase the payments she clearly needs to
understand nN sources and runoff control strategies.
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4) It transmits budget information to the regulator and the participants. Based on the
payment schedule, the regulator can estimate what potential outlays will be, and farmers
will see prices and the range of potential income.
5) It must be seen as fair and likely to enhance the wellbeing of participants. Breetz et al.
(2005) argue that fairness and equity concerns can weigh heavily when landowners are
considering whether or not to participate in a conservation program.
5.1.2 Research Questions 1 and 2
This section describes a twostep process. Step one is how prices for water were derived and
payment levels estimated. Step two explains how the resulting prices and payments were
evaluated before and after project startup.
5.1.2.1 An Optimization Model
The payment formula is shown by equation (23). It was designed to make sense to farmers.

(23)

price
æ
ö
Watershed Payment = ( volume of water ) ´ ç
÷ ´ ( quality adjustment factor )
è unit volume ø

It shows water payments as an increasing function of quantity and quality. Water quality enters
equation (23) through the quality adjustment factor. This factor is based on ambient level of
contaminant, and it is designed to transmit an opportunity cost to farmers that is an increasing
function of ANP.
To solve for price in equation (23) I developed a simple optimization program using the
CONOPT nonlinear programming solver within GAMS Integrated Development Environment
(GAMS) software (GAMS programs can be found in Appendix 3). The objective function
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assumed netprofitmaximizing landowners who were subject to constraints on acreage, their
ability to shift land between pasture and cropland, and nonnegativity from water revenue as
shown by equation (24).

Max Net Income = ( Agricultural Income ) + ( Water Income )

(24)

s.t. water income > 0,
changes in landuse i acres £ 0.1 ´ initial landuse i acres " i.

This optimization model provided the basis for calculating a price for water by modeling the
tradeoff between allocating inputs between crop production and ANP runoff reduction. As
described in the remainder of this section, by running the optimization model at different seasons
and rainfall levels, the model allows me to solve for the minimum price required to induce BMP
implementation among Cullers Run farmers. Put differently, when water has no price the farmer
allocates all inputs to crop production. However, when the price of water is high enough, the
farmer will be able to tradeoff some agricultural income in favor of water income.
5.1.2.2 Income from Water
To estimate water income with equation (23), I needed estimates for water volume and a quality
adjustment factor. I began by estimating the volume of water to be expected from Cullers Run.
Available data included 32 months of mean monthly flow data from February 2002 through
September 2004 (USGS, 2005) for Waites Run, a nearby watershed of comparable size, and
monthly rainfall data from Cacapon Institute (unpublished data) over these same 32 months.
Using Microsoft Excel 2003, I generated “best fit” equations (25) and (26) relating this
watershed flow data to the rainfall. These equations had the most explanatory power based on
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the value of R2. There are two equations because, anticipating a difference between the rainfall
discharge relationship based on season, I found that by estimating separate equations for months
of active evapotranspiration (May through September) and inactive evapotranspiration (October
through April), the amount of variation explained by the equations more than doubled. These
equations let me estimate discharge from Cullers Run based on rainfall.

They indicate that for a

given amount of rainfall, substantially more water flows out of the watershed per unit of rainfall
during the nongrowing season (equation (26)).

0.6635

(25)

acreft/month = 8.778 ´ ( rainfall ´ watershed acres )

(26)

acreft/month = 0.0018 ´ ( rainfall ´ watershed acres )

1.6008

(R 2 = 0.42)
(R 2 = 0.48)

In addition, the monitoring data show that nN concentration increases during periods of
high rainfall. Assuming this is also the case for loads; to incorporate this observation into the n
N projections I estimated the total nN load as a function of rainfall by relating the rainfall data
to nN concentrations from Cullers Run (Cacapon Institute, unpublished data) with Excel 2003
providing the best fit equations (27) and (28)

(27)

Lbs. of nitrateN per month = 0.6847 ´ e 0.3188´rainfall in month (R 2 = 0.53)

(28)

Lbs. of nitrateN per month = 0.6144 ´ e 0.1878´rainfall in month (R 2 = 0.48)

for the nongrowing season and growing season respectively. Once again the explanatory power,
based on R2, of the equations was boosted substantially by estimating them on a seasonal basis.
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Equations (27) and (28) show that the concentration of nN is higher for a given rainfall amount
in the nongrowing months.
As explained above, controlling for background nN is important. With this need in mind, I
formulated an adjustment factor with the general form shown by equation (29).

(29)

Adjustment Factor =

Index Watershed nN
Experimental Watershed nN

To estimate water prices, the units of equation (29) are pounds per month of nN. To illustrate,
suppose that an index watershed transported 25 pounds of nN in a given month, while Cullers
Run delivered 100 pounds. The resulting quality adjustment factor would be 0.25, and
consequently decrease the watershed payment by 75%. Were farmers able to reduce nN loading
until nN in the index watershed and Cullers Run were equal then the adjustment factor would be
"1" and they would get the full payment.
Waites Run was selected as the index watershed. The Waites Run watershed is 96%
forested with very little agricultural land, located in the same region, and approximately the same
size (Cacapon Institute, 2002). Based on this I assume that it can act as a weathersensitive
baseline. I used data on Waites Run median nN concentration (Cacapon Institute, 2002) and
corresponding mean monthly flow data (USGS, 2005) to estimate pounds nN per month.12
This provided a static estimate of background pollution used in the adjustment factor.

12

To convert milligrams nN per liter into pounds of nN per day:

mg. nN 0.000002205 lbs.
l
acrefeet lbs. nN
×
´
×
=
l
mg.
8.107131821e7 acrefoot
day
day
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The simulated adjustment factor was assumed to change with changes in the experimental
watershed made by farmers in response to water payments. To estimate values for the
denominator of the adjustment factor, I assumed that nN contributions to the stream were
different for different land uses, for example, the nN runoff from a corn field was assumed to be
greater than the runoff coming from a hayfield. Also, ANP is a positive function of rainfall as
shown by equations (27) and (28). Looking first at land use, I needed estimates of current nN
loading in Cullers Run as a function of land use. For the pasture and forest contributions, I
estimated a system of three simultaneous equations with pollutant contribution per land use as
the independent variable using Lost River watershedlevel data from Cacapon Institute (2002). I
used the pollutant contribution per acre from cropland reported in Randall and Vetsch (2005) for
my estimate of nN loading due to cropland. This information was used in the first term on the
righthand side of equations (30) and (31) below.
To incorporate the influence of rainfall on nN loading, I formed a ratio of expected nN
concentrations during high, average, or low rainfall, over expected nN concentrations during
average rainfall. This multiplier provides a simple mechanical boost to the expected nN loading
during periods of above average rainfall, and it mechanically decreases the expected load when
rainfall is below average. The multiplier is formed using equation (27) or (28) depending on the
month, and comprises the last term on the righthand side of equations (30) and (31). Because
this is an ad hoc approach to estimating nN loading, sensitivity analyses were conducted. Based
on these sensitivity tests, I decided that including the multipliers was better than not including
them in the model. To select low, average, and high rainfall levels I ranked the monthly rainfall
totals for each season and selected the rainfall level exceeded by 25%, 50%, and 75% of the

51

months respectively (Table 4). For example, when rainfall was at the 75% level in June I used
5.47 inches of rainfall over 4.29 inches in the nongrowing season equation.

Table 4. Seasonal Rainfall Levels (inches)

Growing Season
NonGrowing Season

Low (25%)
1.29
3.07

Medium (50%)
2.67
4.29

High (75%)
3.26
5.47

This generated equations (30) or (31) which I used to estimate Cullers Run nN loading as
the sum of the contributions by each land use and adjusted for three levels of rainfall.

(30)

Lbs. nitrateN
=
month
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ö æ e 0.3188´ rainfall level ö
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(31)

Lbs. nitrateN
=
month

æ æ Lbs. nitrateN ö
ö æ e 0.1878´ rainfall level ö
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The resulting nN estimated loads from equations (30) or (31) make up the denominator for the
adjustment factor as shown by equation (32) using the growing season equations as an example.
The numerator in the adjustment factor is the average Waites Run nN load.

(32)

Adj. Factor =

Average nitrateN load Waites Run
éæ Lbs. nitrateN ö
ù æ e 0.3188´ rainfall level ö
´
(acres
landuse
i
)
åi êëçè acre landuse i ÷ø
ú ´ ç e0.3188´ave. monthly rainfall ÷
û è
ø

Overall, the adjustment factor, the ratio of baseline nN to Cullers Run nN, makes the price of
water, and consequently the payment formula, an increasing function of water quality.
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The model for water income in the GAMS program resulting from the above is presented in
equation (33). This is the model used for growing season months, May through September.

æ Price ö
Water Income = (acft of water) ´ ç
÷´
è acft ø
æ
ç
Average nitrateN load Waites Run
ç
ç éæ Lbs. nitrateN ö
ù æ e 0.3188´ rainfall level ö
´ (acres landuse i ) ú ´ ç 0.3188´ ave. monthly rainfall ÷
ç å êç
÷
û èe
ø
è i ëè acre landuse i ø

(33)

ö
÷
÷
÷
÷
ø

5.1.2.3 Income from Crops
To complete the approximation of net farm revenue, I derived an estimate of crop net revenue
from the USDA census of corn and hay production costs and returns for the Eastern Uplands
between 1996 and 2004, standardized using the Bureau of Labor Statistics consumer price index
(US BLS 2005). Estimates for pasture revenue are based on the average pasture rental values as
presented by Whittle and Stanley (2003). Portions of Cullers Run watershed in forest, pasture,
and row crops were specified by Cacapon Institute (2002), and applied to the total watershed
area of 7,360 acres. Thus, for the purposes of the optimization model I consider the watershed to
be a single farm with land use allocated as reported for the entire watershed. This gave me the
relatively straightforward model for agricultural income presented in equation (34).

(34)

Ag Income = å éë( Net revenue of land use i per acre ) ´ ( Acres land use i ) ùû
i
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Equations (33) and (34) allow me to create a tradeoff between income from farming and
income from water. I estimated the opportunity cost to traditional agricultural production
stemming from water quality conservation by assuming that up to 10% of the land area could be
set aside as BMPs.13 This is an overestimate on average but may be close for a farmer with land
on both sides of a stream or with multiple springs in a field, given the narrow valleys that
characterize the area (Mathes, 1995). Subsequent discussion with a focus group of three farmers
in December 2005 led me to increase the percentage for corn fields as a way to adjust water
prices and resulting payments upwards.14 Mayer et al. (2006) write that State guidelines vary but
tend to follow general guidelines recommending a minimum buffer zone width of about 30 feet.
The implementation of BMPs were assumed to reduce nN pollution approximately 75% based
on Palace et al. (1998) expected reductions to sediment and bacteria. This reduction in ANP
increases the value of the adjustment factor, the third term on the righthand side of equation (33)
by increasing the ratio of Waites Run nN load over Cullers Run nN load. This in turn drives the
water income up. Thus the opportunity cost incurred by devoting agricultural land to BMPs, is
set against the higher payments for water quality that result from increased BMP
implementation.
Based on the seasonality observed above, and the sensitivity of the model to rainfall, I ran
separate GAMS programs for each season and rainfall level with successively higher prices for
water to calculate the minimum prices that could be offered per acrefoot of water to induce

13

By limiting landuse to forest, row crops, and pasture, poultry production is not brought into this optimization
exercise directly. This is consistent with the approach taken by Cacapon Institute that also looks at forest, row crops
and pasture. In addition, in practical terms, poultry producers are already subjected to BMP requirements. For
example, they are required to store poultry manure in sheds and conduct periodic soil testing. Poultry production is
captured indirectly in the optimization exercise because poultry manure is applied to corn and hay fields as a low
priced, readily available substitute to chemical fertilizers.
14
Payments that resulted from a 13.7% opportunity cost were subjectively judged by researchers to be high enough.
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Cullers Run farmers to implement a buffer strip BMP on cropland given the opposing
opportunity costs of nN loading and conservation practices.
5.1.2.4 Performancebased Payments
The prices and payments estimated with the GAMS model incorporate water quality by setting
the opportunity cost of foregone farm income equal to the increased value of water income.
However, this falls short of a true performancebased system, as payments need to be a function
of water quantity and water quality, rather than rainfall and BMP implementation. In addition,
prices alone do not tell farmers what they can expect to earn, absent an estimation of discharge
and quality adjustment. Payments were computed based on rainfall levels that were fixed during
the period, and an adjustment factor in which baseline nN was static. As a result, they are of
limited use in telling farmers how much they may earn from water. A final step is required in
keeping with the need for payment estimates upon which farmers can base a participation and
abatement decision. Referring back to the payment formula shown by equation (23), given the
calculated minimum prices, I needed estimates of water quantity and quality. Looking first at
quantity, equations (25) and (26) relate Waites Run discharge to rainfall. Without actual water
quantity data for Cullers Run, I used these same equations and four years of monthly rainfall data
(Cacapon Institute, unpublished data) to generate monthly estimates of the quantity of water
produced by Cullers Run.
As an estimate of the quality adjustment factor in equation (23), I used data on nN
concentration in Waites Run and Cullers Run (Cacapon Institute, unpublished) as a proxy for
load. These measurements were taken at approximately the same time in both watersheds each
month over the period corresponding to the rainfall measurements. Thus, the quality adjustment
factor was the monthly instantaneous concentration of nN in Waites Run over the concentration
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in Cullers Run. Since the conversion of concentration to load depends only on discharge,
because the adjustment factor is a ratio, the assumption underlying my use of concentration as a
proxy is that the discharge from Waites Run and Cullers Run is equal, after reducing Cullers Run
discharge by 9.56% to account for the size differential between the watersheds. This gives me
the following formula used to calculate estimated monthly payments using the growing season
equation to estimate quantity:

(35)

Monthly Watershed Payment = 8.778 ´ ( rainfall in month ´ watershed acres )

0.6635

æ Waites Run nN concentration ö
´ ( price ) ´ ç
÷
è Cullers Run nN concentration ø

Using equation (35), I estimated Cullers Run discharge based on rainfall, applied the price
appropriate for the season and discharge estimate, and multiplied the result by the ratio of nN
concentrations as shown.
5.1.3 Evaluating Research Question 1
To evaluate research question 1, I first present the results of ex ante simulations. These were
computed before farmer signup. They were important in determining if the payment scheme
was likely to generate a stream of payments of reasonable size that delivered the proper
incentives. The basis for the ex ante evaluation is the payment stream generated by equation
(35). Specifically, I looked at three things. First, I looked at the size and distribution of annual
and monthly payments, which relates to the ability of the payments to motivate the farmers to
participate. I calculated the mean and range of annual payments based on equation (35).
Equation (35) also allowed me to generate a scatter plot of Cullers Run discharge versus monthly
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payments. The distribution of monthly payments on this scatter plot was reviewed qualitatively
for outliers and overall shape.
Second, it was important to assess how nN abatement may affect the payment stream. With
this in mind, I calculated the average payment for each month, based on the four years of
estimated payments. I then simulated the payment levels assuming a 25% reduction in nN
loading. Given the assumption that the nN in Waites Run represents the background levels of
nN in Cullers Run, the reduction in nN does not apply to this portion of the Cullers Run nN.
This gives me the algorithm shown in equation (36) with which to simulate nN load reductions
where CR and WR

(36)

CR nN red =

WR nN
( ( CR nN  WR nN ) ´ ( % reduction CR nN ) ) + WR nN

designate Cullers Run and Waites Run respectively, and the subscript "red" indicates the load of
Cullers Run nN after the reduction.
Third, assuming that the costs of additional abatement are convex in shape (Cabe and
Herriges, 1992) the best curve would show increasing payments following
¶ payment / ¶quality > 0, (¶ payment ) 2 / ¶ 2 quality > 0 as described in section 5.1.1. Therefore, I
also examined the shape of the payments curve given increasing abatement. I did this by holding
discharge and price constant while simulating increasing abatement using equation (36) for a
representative payment of slightly more than $500. The algorithm shown by equation (36) is
responsible for the shape of the abatement payment function.
The ex ante simulations and evaluation described above make use of a number of
assumptions. For example, I assumed that I could estimate Cullers Run discharge based on
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rainfall and discharge data from Waites Run. I also assumed that nN concentration could serve
as a proxy for nN load. I am fortunate to be able check these assumptions against actual field
data. This ex post evaluation compares estimated and actual values for payments, discharge, and
adjustment factors. The estimated values are average monthly estimated values for each measure
based on four years of data. For example, the estimated discharge for January is the average of
the four estimates I generated for January using rainfall and equation (25). The actual values are
based on direct measurements of watershed discharge, nN loads, and the resulting payments.
5.1.4 Evaluating Research Question 2
I also addressed research question 2 on the performance of the adjustment factor ex ante and ex
post. The ex ante analysis consisted of a scatter plot of a oneyear series of simulated monthly
adjustment factors calculated based on endofmonth nN concentrations in Cullers Run and
Waites Run (Cacapon Institute, unpublished). The expectation is that Waites Run nN is less
than Cullers Run nN, and that both levels fluctuate in a way that generates adjustment factor
values which reduce the influence of discharge on water quality.
The effectiveness of the adjustment factor in decoupling the quality element of the payments
from discharge was also evaluated. To do this, I plotted Cullers Run nN concentration as a
function of discharge estimated using equations (25) and (26), and the Cacapon Institute
(unpublished) data set. I then compared this to the values taken by the adjustment factor when
plotted against the same discharge levels. Simple OLS regression is used to determine if there is
a statistically significant relationship between Cullers Run nN and discharge, and between the
adjustment factor and discharge. The expectation is that Cullers Run nN is closely coupled to
discharge while the adjustment factor is not.
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Ex post I qualitatively reviewed two scatter plots, each addressing a separate question.
Looking first at the mechanical aspects of calculating the adjustment factor, as explained above,
measurements of nN loading on two days a month were used to estimate quality for the entire
month. How has this performed? Given the complex interactions between nN concentration,
loading, discharge, and rainfall over the course of a month, it is hard to predict how well this
twoday sample measures total nN for the month. Addressing this question, I present a chart of
the monthly adjustment factors that include the factors that would have resulted based on just
one day of sampling. I then examine how well the two measurements agree with the monthly
adjustment factor used in the payment formula. The expectation is that the monthly adjustment
factor is close to the mean of the two daily adjustment factors. Also, the spread of the two
measurements provides a measure of nN variability within a month.
A scatter plot of actual Cullers Run and Waites Run nN loadings across months is
presented. The expectation is that this time series should resemble that generated in the ex ante
simulation by showing Waites Run nN loading always less then Cullers Run loading, and by
responding to season and rainfall in a way that plausibly represents natural background levels of
nN.
Research question 2 is also amenable to statistical analysis. Cullers Run nN loading should
be a strong function of stream discharge15 which is problematic since farmers have little control
over discharge. Conversely, to the extent that the quality adjustment factor is decoupled from
discharge, farmers are more likely to perceive the quality element of the payments as influenced
primarily by human actions. I used simple OLS regression to test the hypothesis that Cullers
Run nN is determined primarily by discharge, while the adjustment factor is not. Such a result

15

Recall that nN load is the product of nN concentration and stream discharge as presented above.

59

would indicate that the water quality component of the watershed payments is not a function of
discharge. This gives me the pair of multiple linear regression models shown in equations (37)
and (38)

(37) LN ( CR ) = b 0 + b1 ´ LN ( DISC ) + b 2 ´ ( LN ( DISC ) ´ GSDUM ) + b 3 ´ GSDUM + u
(38) LN (WR CR ) = b 0 + b1 ´ LN ( DISC ) + b 2 ´ ( LN ( DISC ) ´ GSDUM ) + b 3 ´ GSDUM + u

where CR is nN load in Cullers Run, WRCR is the adjustment factor (CR nN load / WR nN
load), DISC is discharge of Cullers Run, and GSDUM is a dummy variable that takes the value 1
from May through September corresponding to the discussion of equations (25) through (28). I
include a dummy variable for growing season months based on the possibility that agriculture
impacts stream nN differently during the agricultural season. Including the interaction term and
transforming the variables to logarithms eliminated a problem of heteroskedasticity.
To estimate this model I used the project water quality monitoring data which included mid
month and endofmonth nN sampling, and stream discharge measurements as described in
section 2.3. This gave me a total data set of 30 observations, however, due to extremely low
flows, data from two periods were not used. The resulting data set includes 28 observations.
The testable hypotheses are that nN load in Cullers Run is a positive function of discharge,
while the adjustment factor is not.
5.2 Research Question 3: Farmer Response
To evaluate research question 3, I rely on field observation and the results of two surveys. Field
observations are based on notes taken during meetings, and my own experience in the field. To
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provide a frame of reference for these observations, I developed a summary timeline of project
events and farmer actions that is presented in the results section. The surveys are described
directly below.
5.2.1 Survey Description
Surveys were used to profile farmers and their response to this experiment. Survey I was
administered the last week in May 2007, shortly after the project began in April. This survey is
presented in Appendix 1. Individual surveys were conducted in person, with the exception of
two phone interviews. Before using the survey it was reviewed by the project water quality
specialist and a local WV Conservation Service agent to ensure questions were understandable
and used the correct language. During this round of surveys, I tried to survey all of the project
participants, as many other farmers in Cullers Run watershed as possible, and an approximately
equal number of farmers in the area, but outside the watershed. The summary of survey
information is shown in Table 5.
I administered Survey II (Appendix 2) during June and July of 2008. This survey was
reviewed prior to implementation by the same WV Conservation Service agent that checked
survey I for understandability and correctness. Four participating farmers were surveyed over
the phone, all others were done in person.
The target population for the second survey was participating farmers and nonparticipating
farmers within the watershed. Farmers outside the watershed were not included in this round of
surveys based on two considerations. First, the farmers outside the watershed that were
interviewed during the first survey differed substantially as a group from the population of
farmers in Cullers Run watershed. For example, within the watershed, agricultural land per
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Table 5. Survey Summary Information

Dates
Subjects

Dates
Subjects

Survey I
May 22 to 29, and June 6 to 13, 2007
· Participants: 13 of the 15 people farming in Cullers Run
who have decided to participate.
· NonParticipants: 4 people farming in Cullers Run who
have opted not to participate.
· Other: 9 farmers in Hardy County but outside the
watershed.
Survey II
June 5 to June 12, 2008
· Participants: 13 of the 14 participating farmers.
· NonParticipants: 9 nonparticipating Cullers Run
farmers including 1 who was a participant in year 1.

household ranged from 0 to 92 acres, while outside the watershed the range was 90 to 1,600
acres. In other words, the largest farm surveyed inside the watershed was barely bigger than the
smallest farm surveyed outside the watershed. Similarly, median farm size in the watershed was
37 acres while outside the watershed it was 237 acres.
A plausible explanation for the difference between farms inside and outside the watershed is
that I relied on conservation professionals and farmertofarmer contacts to identify farmers to
survey outside the watershed. This may well have skewed this sample towards larger more
active farms because large farms are in contact more with conservation staff. Second, even if I
was able to survey a more representative group of farmers outside the watershed, the sample size
would still have been very small. By not sampling farmers outside Cullers Run I lose the ability
to control for outside factors, but I increase the effectiveness of the survey to assess the
perceptions of farmers who are familiar with the research, and I am able to examine the
characteristics of project participants and nonparticipants. Consequently, sampling Cullers Run
farmers as intensively as possible was judged a more effective strategy.
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The objectives of Survey I were to establish a baseline description of: 1) household farming
activities, 2) perceptions of the project, 3) perceptions of water quality conservation, and 4) the
welfare status the household. The objectives of survey II were to: 1) track changes in the welfare
and perceptions of watershed farmers, 2) gauge the response of watershed farmers to the project
with an emphasis on their participation and abatements activities, and the extent to which the
anticipated institutional responses occurred (see Table 2) solicit feedback on projectparticipant
communications, advice on refinements to the project, and their general impressions.
5.2.2 Evaluating Research Question 3
Survey results address research question 3 relating to the participation, abatement, and group
response of watershed farmers to the project. Looking first at empirically modeling
participation, Kolstad (2000) writes that environmental quality is a normal good.16 Therefore, I
expect that higher incomes are associated with increased likelihood of participating in this
project. Also, research indicates that participation in the project is likely to increase with
increasing education (see for example Bandara and Tisdell, 2004; SazSalazar and Gercia
Menedez, 2001; Loomis et al., 1996). Finally, project researchers observed that relatively little
farmland in the lower section of the experimental watershed was part of the project relative to the
upper section. With this observation in mind, Uri (1999) establishes a link between the use of
conservation tillage and land erodibility, therefore, location was included in the model based on
land productivity classification.
The theoretical model of expected utility, Model I presented in section 4.1, describes
expected utility as a function of input allocation conditioned on a vector of sociodemographic

16

Note however, is that Koundouri et al. (2006) found incomes to be negatively related to the adoption of irrigation
technology. Thus, effect of income may depend on how the project is perceived, either as a conservation project or
as the updating of production technology.
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variables, and constrained by a minimum variance of income frontier. Taking the current level
of expected utility as the reservation level, the theoretical model predicts that participation will
occur if it leads to an increase in expected utility over the reservation level. The empirical model
of participation being developed here uses income and education level as sociodemographic
variables. Location defines, in part, the cropping plans open to the farmer, and therefore, brings
the minimum variance of income frontier into the empirical model.
Although the complete data set from survey II included 22 observations, two observations,
one from each subgroup, had to be dropped due to absent income data. Thus, the model was
estimated with 20 observations. With these relationships in mind, using survey data, I evaluated
the participationincomeeducationlocation relationship with the model shown by equation (39):

(39)

P ( PART = 1 | x ) = G ( b 0 + b x )

where PART is a binary response variable that takes the value "1" for participation in the project
and zero otherwise. Variable x represents a vector of explanatory variables summarized in Table
6. I evaluated the model using probit quasimaximum likelihood (Huber/White) estimation17
with EViews software. The regressions are assessed based on McFadden's R2, the significance
of the pvalue in relation to the restricted form of the model, the significance of the tvalues
associated with the coefficients, and the percent correctly predicted based on a 0.50 cutoff value
for the dependent variable.

17

The advantage of quasimaximum likelihood (Huber/White) estimation is that the resulting standard errors are
robust to certain misspecifications of PART. They are not robust to heteroskedasticity. The effects on the
coefficients and pvalues of using this approach were small.
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Table 6. Summary of Participation Variables
Variable
C

Description

A constant.
The percent of last year's household income coming from farming as recorded
PERFARM
during the surveys.
A multiplicative interaction term between household income and percent farm
income, the result of which is farm income. Household income was derived
INC*
from survey responses where the responses were placed in ranges. For each
PERFARM
range I used the midpoint of the range as my estimate, and for above
$200,000 range I assumed the same interval as the preceding interval.
A measure of educational attainment recorded on a scale of 1 to 6 where 1 is
EDU
some high school, and 6 is a college degree.
A dummy variable that takes the value 1 when the farmer owns or operates
LOC
land classified as prime farmland (USDA NRCS, 2008).

To further explore participation as a function of location, aerial photo data from the West
Virginia Statewide Addressing and Mapping Board were used. The boundaries of Cullers Run
watershed were delineated on the relevant photos by the National Resource Analysis Center at
West Virginia University using ARCGIS 9.2 software and USGS digital elevation model data.
Within this area, I delineated the boundaries of forest and nonforest areas using ARCMap
software. The nonforest areas were classified into three subgroups. Subgroups one and two
were prime farmland and all other farmland, where prime farmland was based on the
classification and maps reported by the USDA Natural Resource Conservation Service (NRCS)
(2008). Subgroup three was unused farmland. This consisted of nonforest areas that survey
responses indicated was not farmed. The resulting breakdown of farmland was prime farm land,
240 acres, nonprime farmland, 1,190 acres, and 38 acres classified as unused nonprime
farmland.
To examine participation, abatement actions and the institutional response I also inventoried
survey responses. The survey inventory consisted of a crossreferencing of survey questions
and their corresponding responses with 1) farmers decisions and, 2) institutional actions
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summarized in Table 2. My goal here is to determine if there is evidence that farmers are
wrestling with the opportunities, challenges and anticipated outcomes that this research is
designed to elicit. To strengthen the reliability of this inventory, I reviewed responses to
determine consistency. For example, if a respondent's answers seem to contradict each other
across questions then I sought an explanation for this contradiction or I eliminated the response.
Also, the section of the survey that addressed the institutional aspects of the project allowed
respondents to select a number on a scale from 1 to 7, where 1 was "strongly agree", 4 was "no
opinion", and 7 was "strongly disagree". In the inventory of responses I lump 1, 2 and 3 into a
single category called "agree", and 5, 6, and 7 into a category called "disagree". Finally,
responses to some of the questions are difficult to interpret because of the range of situations
facing farmers. For example, one farmer may be located far from streams while another may
have a stream running through her field. It seems reasonable to expect each of these farmers to
respond differently due to the context they are facing, but the inventory of survey responses does
not consider the effects of context. As a result, I avoid citing specific responses, but rather,
generalize responses and draw more general conclusions.
Finally, given that many of the questions are subjective, I present and discuss observed
behavior when possible. These observations come from notes taken during meetings, field
observations and discussions with watershed farmers.
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Chapter 6

Results and Discussion

This chapter presents the results generated for each of the three research questions. Question one
relates to estimating prices and payment. Question two asks how well environmental conditions
can be accounted for in the payments. Question three addresses how farmers responded to the
institutional framework presented by the field experiment.
6.1 Research Question 1: Price and Payment Estimation
As described in the methodology, this section covers results of the GAMS optimization program,
a review of the ex ante payment simulation, and the ex post evaluation that compares the
payments made based on field measurements of water quality and quantity to the preliminary
payment simulations.
Table 7 presents the prices generated by the GAMS model. These prices make intuitive
sense from both economic value and pollutant loading perspectives. The value of water is higher
during low rainfall and the loading of pollutants is decreased so per unit water prices must

Table 7. Computed Seasonal Water Prices
May through September
Monthly Discharge
Dollars per
(acrefeet)
AcreFoot
Up to 320
18
321800
8
Over 800
5

October through April
Monthly Discharge
Dollars per
(acrefeet)
AcreFoot
Up to 740
8
Over 740

5

increase to induce/maintain BMP implementation. Conversely, high rainfall and nongrowing
season leads to lower prices as marginal water values are low and the model anticipates more
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pollutant loading (less uptake) to control. These prices serve as approximations of the prices that
will induce farmers to undertake nN abatement.
By using different prices, payment risk to both farmers and researchers is reduced.
Projected monthly payments vary little between rainfall regimes. There is less risk that
payments will be extremely large at high rainfall or small at low rainfall. As shown in Table 8,
based on GAMS model estimates, it will require an additional $1,874 to $2,199 per month to
induce BMP implementation among Cullers Run farmers during the growing season, at the
assumed levels of BMP effectiveness noted above. The model estimates that these BMPs will
reduce nN between 225 and 353 kilograms per month.
This allows me to calculate the cost of nN removal presented in Table 8. As a point of
reference, Hey et al., (2005) estimated that wastewater treatment for nN costs $2.88 per pound,

Table 8. Price and Payment Summary Information
Price per AcreFoot
Rainfall
Low
Medium
High

Growing
Season
$18
$8
$5

NonGrowing
Season
$8
$5
$5

Monthly Payments
Growing Season
With
Without
BMPs
BMPs
$2,552
$678
$2,584
$636
$2,837
$638

$ per lb. of N
removed
$5
$4
$4

indicating that the cost estimates in Table 8 are higher than an alternative nN reduction method.
However, reductions in other pollutants resulting from land management changes are not
accounted for in considering this cost effectiveness of pollution reduction. Palace et al. (1998)
report that stream bank protection with fencing has a reduction efficiency of 75% for nitrogen,
phosphorus, and total suspended solids. For example, Mathews et al. (2002) value a 40%
reduction of the phosphorus content in the Minnesota River at over 141 million dollars using
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contingent valuation. Overall, this indicates that the model anticipates roughly costeffective
abatement.
Ex ante simulations were conducted so that project researchers could verify, as much as
possible, that the payment scheme would deliver the appropriate incentive without over or under
paying. Table 9 summarizes the annual payments estimated by the ex ante simulation, and

Table 9. Simulated Payments 1998  2001
Payment
Annual
With
25% less
nitrateN

1998
$9,259

1999
$9,400

Year
2000
$7,630

2001
$4,593

Average
$7,721

$11,518

$11,480

$9,486

$5,898

$9,595

shows that the average annual payment was $7,721 with a range of $4,593 to $9,400. Figure 5 is
a scatter plot of estimated monthly payments and discharge. We see by inspection that for
discharges between 0 and 1,200 acrefeet per month the payments approximate an increasing
function of discharge following ¶payment / ¶q > 0, (¶payment ) 2 / ¶ 2 q < 0 . At discharge levels
above 1,200 acrefeet per month estimated payments vary widely for reasons not yet understood.
The results of the assessment of the nN abatement incentive are incorporated into Table 9
and presented in Figure 6. Table 9 indicates that a 25% reduction in nN increased the average
annual payments by 24%, to $9,595 with a range of $5,898 to $11,480. This difference between
the payments with and without additional abatement represents the estimated opportunity cost of
not reducing nN emissions by 25%.18 Figure 6 shows approximately how much a 25%

18

Assuming a 75% reduction in nitrateN increased the average annual payment to $23,051,
however, this level of abatement would be very high.
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reduction in nN will increase payments on a monthly basis. For example, in April the increase
is about $300, while in November the increase is about $100.
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Table 9 and Figure 6, were used in a preliminary project meeting to show farmers anticipated
payment levels and the effects of nN abatement.
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Figure 7 shows that a payment for a single month (hollow triangle just above $500 at a
discharge of 950 acft from Figure 5), maintaining the original price and discharge, increases at
an increasing rate as nN is abated. Assuming that the total cost function for abatement is
convex (see Cabe and Herriges, 1992) this is an appropriate shape for the payment function. As
mentioned above, it is important to note that underlying the shape of this payment curve is the
algorithm presented in equation (36).
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$3,000
$2,000
$1,000
$0
0%

20%

40%

60%
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100%
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Figure 7.

Simulated Payment with Increasing NitrateN Abatement

Based on the results in Table 9, Figure 6, and Figure 7, the payment scheme was judged to
be working "well enough" to move forward. With respect to the farmer response, 15 farmers
representing over half the farm households operating in the watershed decided to participate after
having seen these preliminary estimates. However, I cannot say that farmers decided to
participate solely based on the payment estimates presented above. Rather, I defer the analysis
of farmer response to the discussion on research question 3 to section 6.3.
Simulated payments, discharges and adjustment factors were compared with actual values
measured during the first 15 months of the field experiment (April 2007 through June 2008).
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Panels B and C in Figure 8 show that actual discharges and adjustment factors in April and the
following March are very close to the estimates. It follows that the payments for April and
March should be relatively close to estimates, which Panel A in Figure 8 confirms. Beginning in
June there are large differences between estimated and measured values for both discharge and
the adjustment factor. In fact, in September 2007 the actual adjustment factor was greater than
one. This implies that the water quality in Cullers Run surpassed the water quality in the
baseline streama problematic outcome stating that water quality in Cullers Run was better than
the baseline water quality. This occurred when flow in Cullers Run fell to almost zero, while
Waites Run flow continued.
There are three plausible explanations for the lower than expected discharge levels and high
adjustment factor values. Discharge may have been depressed due to exceptionally dry
conditions experienced during the field experiment. For example, for the five months following
April, discharge of Waites Run was substantially less than the mean discharge for those months
between 2002 and 2006 (USGS, 2007). Exceptionally dry conditions would lower the payments
directly by decreasing the quantity of water flowing from the watershed. In addition, stream
flow in Waites Run may have been greater than expected relative to Cullers Run. I expected
flow to be 9.56% greater in Waites Run because Waites Run is 9.56% larger than Cullers Run,
and therefore, captures that much more rainfall. However, comparing measured stream flow of
Waites Run and Cullers Run reveals a larger difference (Figure 9). Anecdotally, I would
attribute some of this to chance. I was told a number of times throughout the summer that
Waites Run watershed had received rainfall while Cullers Run had not. This anecdotal evidence
is supported by Figure 9 which compares stream flow in Waites Run and Cullers Run in two
periods. The upper panel shows relative flows during the dry month of June (see also
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Comparing Preliminary Estimates with Data from the Field
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Panel B in Figure 8) revealing that Waites Run flows were two to three times greater than flows
in Cullers Run. This is much more than the approximately 10% anticipated based only on the
size difference between the watersheds.
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Hydrographs of Waites Run and Cullers Run

Also, the peaks in the hydrographs indicate that Waites Run may indeed have seen more rainfall
events than Cullers Run. An important caveat here is that, given the dry conditions, Cullers Run
may have seen rainfall that never produced a peak in its hydrograph. Alternatively, during
March when the lower panel in Figure 9 shows that estimated flow was close to actual flow, the
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hydrographs indicate approximately equal flows and rainfall events (note the difference in scale
of the yaxis between the graphs).
High adjustment factor values coincided with very low discharge levels, and therefore,
increased payments that would have been nearly zero otherwise. In fact, total payments for the
first year of the field experiment were $5,629.95. This is within the range of $4,593 and $7,630
generated by the preliminary simulation, but differs from the estimated average by 26%.
6.2 Research Question 2: Controlling for Background nN
As discussed above, it is important that stochastic factors are controlled for as much as
possible because this focuses the incentive on that portion of the nN that potentially stems from
human activities. Ex ante assessment of the index watershed approach described in the
methodology section was based on concentration measurements taken over four years. Figure 10
shows the monthly measurements of nN concentration in Waites Run and Cullers Run (Cacapon
Institute, unpublished data), and the resulting adjustment factors using the year 2000 as an
example. Note that Cullers Run registered higher concentrations of nN than Waites Run for
each month throughout the year. Also, seasonal variations of nN are observable in both
watersheds. Looking at the nongrowing season, in February both watersheds show a rise in nN
and the corresponding adjustment factor increases to slightly more than 0.15. This indicates that
the adjustment factor has accounted for a natural rise in nN and avoided penalizing the farmers
for this rise. Put somewhat differently, the portion of the potential watershed payment received
by farmers can increase even though the loading of nN in Cullers Run goes up. Over the
summer, nN concentrations in both watersheds decrease. During this period Cullers Run and
Waites Run are at their closest with respect to nN and, consequently, the adjustment factor is at
its highest, about 0.4. In this case, farmers are rewarded for maintaining nN levels that
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approximate baseline conditions as represented by Waites Run. During the fall, the watersheds
diverge with Cullers Run showing a large increase in nN while Waites Run continues to
decrease. As a result the adjustment factor decreases to under 0.05. In economic terms, the
payment received by the group this month would be less than 5% of the total possible
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payment.19 To the extent that this correctly reflects the presence of large anthropogenic
contributions of nN in Cullers Run relative to Waites Run, the adjustment factor would penalize
the farmers for those contributions.
The adjustment factors during the other three years demonstrated the same relationship to
Waites Run and Cullers Run nN concentration; however, the trend of the curves across months
was quite variable.

19

The total possible payment is defined here as the water price multiplied by the water quantity for that month. This
corresponds to the payment when the adjustment factor is equal to 1.0.
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Figure 11 provides an ex ante measure of how well the adjustment factor controls for the
natural background levels of nN. The graph on the left shows a significant (R2 = 0.25, p<0.001)
relationship between nN concentration data (Cacapon Institute, unpublished data) collected
between 1998 and 2000 in Cullers Run and Waites Run, and corresponding discharge estimated
using equations (25) and (26). The graph on the right indicates that this relationship disappears
(R2 = 0.03, p<0.23) when the adjustment factor (the ratio of Waites Run nN concentration over
Culler Run nN concentration) is regressed over the same estimated discharge. This is evidence
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that using an adjustment ratio reduces the influence of uncontrollable fluctuations in background
levels of nN on the payments, while transmitting an opportunity cost associated with the
remaining nN.
A followup ex post analysis allowed additional assessment of the performance of the
adjustment factor. Figure 12 is a bar graph showing the adjustment factor that was applied to
each monthly payment. As discussed in the methodology section, the two points show the
singleday adjustment factorsthe adjustment factor that results from one pair of measurements
rather than the midmonth and the endofmonth measurements combined. Examining Figure 12
gives insight into the reliability and variability of basing a monthly adjustment factor on two
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point measurements. With one exception, the monthly adjustment factor falls between the two
singleday adjustment factors. Also, the singleday adjustment factors approximate the monthly
values at low values. However, at higher values the difference can be larger. For example, the
last adjustment factor in the series, (June, 2008) is 0.56, while the endofmonth singleday
adjustment factor is about 0.29. Use of the lower value would have decreased the monthly
payment by about $530. During August, when the payment was lower, use of the lower pseudo
adjustment factor would have lowered the payment only $25.
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Comparison of Daily and Monthly Adjustment Factors

The case of October 2007 is exceptional. The midmonth value is 3.25 (not shown),
however, the adjustment factor for the month is actually close to the midmonth value of 0.14.
The values this month were estimated without the help of the stream gauge because rain had
temporarily dammed the stream with leaves. The end of month estimation included a 20fold
estimated increase in discharge due to rainfall. If this was an overestimation, then the adjustment
factor would be erroneously depressed. The high discharge estimate also weighted the monthly
adjustment factor towards the end of month value, so rather than being in the middle of the two
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measurements, it was skewed towards the lower value. If the higher of the two singleday
adjustment factors had been used as the adjustment factor in August the payment would have
increased by nearly $500.
Figure 13 is meant to be compared with the ex ante analysis presented in Figure 10. From
April 2007 to the end of October 2007 the performance of the adjustment factor is difficult to
evaluate because of the dry conditions over much of this period, therefore, figure 13 begins after
this period. Waites Run nN load is below Cullers Run nN load as expected. The actual
measurements also paint a more chaotic picture than that presented in Figure 10 with Cullers
Run loads fluctuating dramatically. However the adjustment factor is operating as expected. For
example, in midMarch Cullers Run loading increased, and, so did Waites Run. As a result the
adjustment factor increased from 0.18 to 0.26. This corresponds to a significant increase in
rainfall over this period (see for example Panel B in Figure 8). Thus, a portion of the increased
nN load in Cullers Run is ascribed to the increased discharge, over which farmers have no
control. Consequently, the quality adjustment factor does not penalize the farmers for this
portion of the loading. In midApril a very large increase in nN loading in Cullers Run
outstripped a slight increase in Waites Run, and as a result the farmers were penalized.
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Actual Adjustment Factor, 20072008

Using field data, Table 10 presents the results of the OLS regression described in the
methodology section. The results for model A indicate that the natural logarithm of Cullers Run
nN is positively related to the natural logarithm of discharge.

Table 10.

Assessing the Adjustment Factor (n = 28)
Dependent Variable
Model A: LN(CR)
Model B:
LN(WRCR)

Explanatory Variables
C
LNDISC
LNDISC*GSDUM
GSDUM
Model Statistics
R2
p
DurbinWatson
Significance: * p<0.01

1.65*
0.83*
0.11
0.12

2.00*
0.00
0.46*
1.28*

0.96
<0.001
1.32

0.65
<0.001
2.01
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As noted earlier, this should not be surprising because nN load is the product of nN
concentration and stream discharge. However, the economic incentives presented in the
literature review section are keyed to ambient pollutant conditions. If the payments to farmers in
Cullers Run were a function of Cullers Run nN alone, then model A shows that the water
quality element of the payments would be related to discharge, something over which farmers
have little control. The question posed here is "how well does the adjustment factor reduce the
influence of discharge on the payment?"
To answer this question, I turn to model B. Wooldridge (2006) explains that the seasonal
dummy has the effect of deseasonalizing the data. To assign causality to the interaction term, I
make the obvious argument that seasonality affects discharge, rather than discharge affecting
season. For example, Armbruster and McCormick (1990) argue that wind affects the flight of
the butterfly and not vice versa. This lets me assign the effect of the interaction term to the
seasonal dummy, and not discharge. Model B indicates that the value of the adjustment factor
increases during the growing season. It also indicates that during the growing season, discharge
lowers the value of the adjustment factor.
The most likely explanation for the impact of the growing season dummy in model B may
be the abnormally dry conditions experienced in 2007. Unfortunately, the dry months fell
disproportionately on growing season months. With this in mind I ran an OLS regression of the
discharge in Cullers Run on the discharge in Waites Run plus the growing season dummy
variable. This regression produced a significant negative coefficient on the dummy variable.
What this indicates is that Cullers Run discharge was depressed during the growing season,
relative to Waites Run discharge. Additional research, hopefully under less extreme conditions,

81

will be needed to determine the impact of dry conditions on the performance of the adjustment
factor.
The task of the adjustment factor is twofold. It needs to incorporate a water quality measure
into the watershed payments. This is the source of the abatement incentive. It also has to reduce
the effects of stochastic environmental conditions. This increases the likelihood that the basis for
the payments is perceived as fair, and it focuses the incentive on the anthropogenic fraction of n
N in the stream. The above analysis indicates that Cullers Run nN loads are closely and
positively related to dischargesomething farmers cannot control. It also indicates that the
adjustment factor is negatively related to discharge during the growing season. This result was
attributed to the unusually dry conditions occurring during the field experiment.
6.3 Research Question 3: Farmer Response
This section has four parts. The first presents a profile of households in Cullers Run to provide
context. The second and third sections report on the analysis of watershed farmers decisions to
participate and then to abate nN respectively. The fourth section covers grouplevel response to
the project.
6.3.1 Profile of Households
Using information from the first round of surveys, Table 11 summarizes household and farming
characteristics in Cullers Run, while Table 12 describes key attitudes.
Given the small sample size this information is most useful qualitatively and must be
interpreted carefully. With this in mind, I make the following observations. Looking at the
differences between participating and nonparticipating farmers, three things stand out. In Table
12, there is quite a large difference between the years of residency in Hardy County with
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participating farmers living fewer years in the county. There is also a large difference between
the percentage of income that comes from farming, with nonparticipants relying on farm income
more than participants. The median age for participants falls within the range of 56 to 60,
whereas the median age for nonparticipants falls within the range of 66 to 70 years old.

Table 11.

Cullers Run Household and Farm Characteristics from Survey I
Number or Median (range)
Participant
NonParticipant
(n=13)
(n=4)
27.5 (0130.5) 49.7 (34.5118.5)
4
1
35 (11104)
30 (2040)

Acres in agriculture
Number that operate poultry houses
Number of livestock managed
Number that have participated in NRCS/FSA or
7
2
Conservation District programs
Number who are residents of Cullers Run watershed
7
3
Number of years resident in Hardy County
25.5 (080)
51 (075)
Age of survey respondent1
5 (18)
7.5 (19)
2
Highest level of education
5 (16)
3 (25)
3
Saving versus spending
1 (02)
1.5 (12)
Household income4
4 (19)
3.5 (17)
Percent of income from farming
20 (0100)
58 (2575)
1
5 is the range from 56 to 60 years old and 7.5 corresponds to 66 to 80 years old.
2
5 is "some college" and 3 is high school graduate with "some technical training".
3
1 is "save money" and 1.5 is between "save some money" and "just get by".
4
4 corresponds to income range 25  40 thousand dollars and 3.5 is between 10 and 25
thousand dollars.

Looking at Table 12, survey respondents were asked about the things they considered when
deciding to participate. Two of the possibilities presented included the attitudes of others"the
attitudes of friends, neighbors and family were important" and "I worried about what others
would think." Responses to both of these questions show people strongly disagree. This could
be important in two ways. First, if this is correct, then it would argue against one of the key
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Table 12.

Summary of Key Farmer Attitudes in Cullers Run from Survey I

Median (range)
Participant NonParticipant
(n=13)
(n=4)
Project offers additional source of income1
3 (25)
2.5 (25)
Project addresses a water quality problem in Cullers Run1
2 (12)
2 (13)
1
The attitudes of neighbors, friends or family were important
3 (15)
4.5 (35)
I worried about what others would think1
4 (25)
5 (45)
1
The project seemed to be low in financial risk
1 (12)
1.5 (13)
2
Cullers Run water quality
3 (24)
2.5 (24)
2
Lost River water quality
4 (34)
3.5 (24)
Chesapeake Bay water quality2
4 (3.55)
5 (55)
3
Concern for water quality in Cullers Run
1 (13)
4 (15)
3
Concern for water quality in Lost River
1.25 (13)
3.5 (15)
Concern for water quality in Chesapeake Bay3
2 (13)
5 (15)
4
Importance to you of Farming
1 (11)
1 (14)
5
Are you Satisfied with Household Finances
2 (13)
1.5 (13)
Overall are You Satisfied with Life5
1 (13)
1 (11)
1
Importance of attribute in deciding to participate in project. 1 = strongly agree, 5 = strongly
disagree.
2
Perception of water quality in given water body. 1 = very good, 5 = very bad.
3
Measure of concern for water quality in given water body. 1 = high, 5 = low.
4
1 = very important, 5 = not important.
5
1 = satisfied, 5 = not satisfied.

mechanisms of this researchnamely that local norms like social pressure can affect behavior.
Second, if it is not true then the challenge becomes how to elicit accurate responses. In other
words, what if the desire to appear to act independently makes this a difficult question to answer
as "agree"?
In addition, a set of questions asked respondents about their level of concern for water
quality in the water bodies they impactCullers Run, the Lost River, and the Chesapeake Bay.
The nonparticipants voiced a lack of concern that contrasts with the concern voiced by
participants. Crickard (1974) studied extension agent effectiveness in West Virginia.
Summarizing many authors, she argued that, "If something represents what they [program
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recipients] deem important, the weight of group sentiment will be behind it. If, on the other
hand, a program has little connection with what is considered important, it is in for a difficult
time" (p.45).
6.3.2 Participation Decision
Table 13 presents the results of the statistical analysis described in section 5.2.2. Recall that
the goal of the model is to describe the participation decision as a function of income, education,
and farmland location. Version 4 of the model is preferred over the others in that it includes the
necessary variables, has the greater explanatory power based on the McFadden's R2, and the
significance of the individual variable coefficients is highest.
The key observations are the following. The income variable (INC) did not have a
statistically significant coefficient in the version that included education (EDU) or location
(LOC), so it is found in only version 6. The other two incomerelated variables, percentage of
income from farming (PERFARM) and the interaction term (INC*PERFARM) boost the
performance of version 4 when they are both included, but less so when only one is included.
Also, they do not have statistically significant coefficients when included on their own as shown
in version 5. Version 6, where all of the income variables are included, does not perform as well
as version 4 based on model statistics, but may provide some insight into the participation
decisions, so it is discussed below.
Interpreting the effect of education, the sign is consistently positive across model versions.
This result indicates that, consistent with past research, individuals with more education are more
likely to participate in this project. Location has a consistent negative coefficient across the
different versions. This indicates that farmers with farmland classified as "prime" are less likely
to participate. Directly below, I provide a tentative explanation for this based on the model of
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expected utility presented in the section of theoretical models. How education and location
relate to the two income variables is also interesting. When controlling for the percentage of
income derived from farming, and farm income, rather than decrease the statistical importance of
education and location, they appear to increase it.

Table 13.

Modeling Participation  Summary of Statistical Results (n=22)

1

2

Variables
0.55
0.63
C


INC


PERFARM

7.0E06
INC*PERFARM
0.26
0.34*
EDU
0.89
0.85
LOC
Model Statistics
0.21
0.31
McFadden R2
0.04
0.04
p
81.8
85
% Corr. Predicted
Significance: * p<0.1, ** p<0.05

3

Version
4

5

6

1.19

1.17

0.33*
1.24*

1.64

2.20
1.82E05
0.49**
1.40**

0.63

0.55
7.9E06



1.54
3.63E05*
2.52*
6.10E05**



0.24
0.06
72.7

0.38
0.04
80

0.07
0.39
55

0.28
0.05
75

Version 6 is also interesting. Participation continues as a negative function of the interaction
term, INC*PERFARM, but a positive function of income and percent of income derived from
farming. This version leaves out education and location; therefore, the results are illustrative and
must be interpreted very carefully. With this in mind, I propose the following interpretation of
version 6. The sign on INC agrees with theory and past research results. Percentage of income
derived from farming is a measure of how much a household relies on farm income. The
interaction term is an estimate of farm income which provides a measure of how successful one
is as a farmer. Thus, interestingly, if one is "better off" this version predicts higher participation
rates. However, controlling for income and percentage of income from farming, if one is
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successful at farming the model predicts lower participation rates. This agrees intuitively with
the negative coefficient observed on LOC assuming that successfully farmers are more likely to
own or operate farmland classified as prime.
Looking more closely at participation, the 15 farmer households that participated in the
project in year 1 own or operate approximately 36% of the agricultural land in the watershed.
However, this land is not evenly distributed throughout the watershed. Cullers Run watershed
can be divided into two main sections. The lower section is where most of the prime farmland is
located. Participating farmers own or operate about 29% of land classified as prime farmland.
Of the remaining farmland, participating farmers own or operate about 38%. This nonprime
farmland is predominantly hay fields and pasture.
The difference between locations as defined by prime farmland also seems to hold for
participation rates. Based on mapping, survey responses, and observation, I tally 13 farm
households who did not participate during the first year. Of the 15 firstyear participants, only
two of them farm land classified as prime. However, of the nonparticipants, six operate land
classified as prime farmland. A simple Chisquare test of independence indicates that
2

participation is not independent of farm location (c = 4.29, p<0.05).
Recalling Figure 3, Figure 14 may explain why farmers who own or operate farmland in the
lower section of the watershed are less likely to have signed up for the project. Suppose EV1
represents the preparticipation minimum variance of income frontier for a farmer with the
expected utility indifference curve EU1. The tangency point ‘A’ represents the highest level of
expected utility that this farmer can achieve given the tradeoffs that exist between expected
income and variance (Lin et al., 1974).
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Shifts in the EV Frontier

EV2 represents a shift in minimum variance due to new farm production possibilities that
increase risk (income variance) more than expected income. In this case, the efficient point, ‘B’,
has shifted upward and to the left. Such a move would represent a decrease in expected income
and an increase in variance, thereby decreasing expected utility. Conversely, an EV3 shift is the
result of adding production possibilities to a farm that reduce income variance. A rational
farmer’s optimal choice of expected income and variance in this case would shift downward and
to the right resulting in a higher increased utility, point ‘C’.
In the lower section of Cullers Run, row cropping occurs on prime farmland adjacent to the
stream. Looking at the firstorder conditions (equations (4) and (5)) for the theoretical model of
expected utility, it is plausible these farmers perceive participation in this experiment, and any
resulting ANP abatement, as likely to increase risk for them given that their participation may
lead to decreases in fertilizer use. Buccola and French (1977) try to estimate EV frontiers in the
context of small processing firms. They find that "apparently minor changes in contract
formulae can have a significant impact on the content of efficient portfolios and their promised
returns and risk" (p. 23). Also, recall the argument of Koundouri et al. (2006) that technology
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adoption impinges on production risk. Uri (1999) reports20 that increased risk has been
associated with decreased adoption of conservation practices, and argues that "the adoption of a
new technology by a farmer always involves a degree of risk and uncertainty concerning its
impact on output" (p. 635).
I propose that such a reallocation of inputs away from agricultural crops and towards water
conservation may represent a perceived EV2type shift by increasing the minimum variance
frontier due to an increase in farm income variance overwhelming any additional income from
water payments. Even though participating farmers are not required to implement BMPs, farmers
in the lower section may anticipate social pressure from the other participants to reduce fertilizer
use thereby incurring additional income risk in order to reduce nN.21
A different situation faces farmers in the upper section. Their land is often further from
streams and they use fertilizer less intensively. For them, one ANP abatement strategy is the
construction of storage sheds for poultry manure used as fertilizer. While these sheds can be
costly to build, government costshare programs are available, the sheds take little if any land out
of production, and they do not require reallocating inputs among other income producing
activities. Consequently, farmers in the upper section may face a situation more like that of the
shift from point ‘A’ to ‘C’ when deciding whether or not to participate in the project. Without
having to face the possibility of abatement that could alter their production processes, for them
the experiment represents a means of earning a small amount of additional income with few
production risk consequences. Thus, we observe that farmers in the upper section participate at
greater rates.

20

He defines risk as variability in yields or net return which differs from the increased uncertainty discussed here.
Indeed, intensive nN sampling throughout the watershed has indicated that the lower section contributes
disproportionately to nN loads in Cullers Run.
21
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In addition to the above observations on farmers' participation decisions, I present responses
to survey II questions in Table 14. The responses indicate that payments were not considered

10.1 My net income will increase as a result of
participating in this project.
10.2 Receiving payments convinced me to participate in
this project for a second year.
10.3 I estimated how much I thought I would earn from
this project before deciding to participate.
10.10 I would have participated in this project even if
there were no payments because it is the right thing to do.

Disagree

Question

No
Opinion

Survey Responses and the Participation Decision from Survey II
Agree

Table 14.

2

1

10

1

0

12

0

1

12

12

1

0

to be important in the decision to participate. It is important to note that these responses come
from people who chose to participate. Too few nonparticipants provided answers to this
question to compare. Therefore, the discussion on responses in Table 14 does not pertain to
Cullers Run farmers as a whole. Also, the payment estimates presented to the group before
project signup began made it clear that the payments per individual may well be small.
Therefore, farmers who would have agreed with these questions may have selected themselves
out of the group.
6.3.3 Abatement Decisions
As background information, Table 15 serves as an inventory of abatementrelated actions taken
by the participants and project researchers. Rather than distribute the payments directly to
participating farmers, Table 15 shows that they opted to place 90% of each payment into the
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Table 15.
Month
February 2007:

·
·

March 2007:

·

·

May 2007:

·
·
·
·

June 2007:

·

September 2007:

·

October 2007:

·

December 2007:

·

January 2008:
March 2008:

·
·

April 2008:
May 2008:

·
·
·

April 2007:

NitrateN Abatement Timeline

Actions
Meeting where farmers were given estimated payments with and without BMPs, and
graphs showing measurements of Cullers Run nN over time
Meeting 2 where project agreement is presented and discussed. Attendees ask to have
confirmed that no BMPs are required of participants. Example of the quality
adjustment factor is presented to the group.
Meeting where NRCS District Conservationist talks with attendees about practices that
affect nN loading and NRCS costshare programs. Project researchers present
graphical information on nN in Cullers Run relative to other local streams.
Committee of interested farmers meets to develop a scheme for allocating watershed
payments. Their scheme dedicates 90% of watershed payments to an account from
which they can draw cost sharing funs to support nN abatement actions. They also
requested additional nN sampling to help find nN sources.
Meeting 4 where committee presents their allocation scheme to the attendees.
Meeting to discuss committee recommendation for additional nN sampling.
Intensive nN sampling is done at 24 sites in the watershed.
Participant submits application to USDA/NRCS for litter shed based in part on the
results of the intensive nN sampling.
Meeting to present results of intensive nN sampling. Among tentative conclusions is
that the lower section seems to disproportionately contribute nN load.
Meeting where WVU Nutrient Management Specialist discussed preside dress soil
testing, reviewing soil tests, and a manure calibration day as ways to manage nN more
efficiently. Attendees suggest waiting until dry conditions ease enabling more nN
sampling to occur. Participant announces that NRCS litter shed application has been
accepted.
Participants request a letter they can present to nonparticipants as part of an effort to
bring them into project.
Meeting at which participants vote to let the money in the group account remain rather
than dividing it among participants. The rationale for leaving it in the account was that
nothing had been done to reduce nN yet because it has been too dry to locate, and
target for abatement, nN sources. In addition, a third year for the project was
announced.
Intensive nN sampling is done in the watershed.
Meeting at which participating farmers decided to begin distributing costshare support
for nN abatement actions. One paragraph descriptions of actions were to be sent to
the designated lead farmer, who would call a meeting where the proposal would be
discussed.
Litter shed initiated in June is now completed.
Intensive nN sampling is done in the watershed.
Farmers hold cost share meeting. They decide to support both requests submitted, one
for a livestock watering and fencing system, and one for a winter cover crop planted
last year.

group account. Initially, the group decided to use the money for abatement purposes, with any
left over money in the account being divided evenly among participants in December for a
"Christmas bonus." However, the dry conditions that prevailed during much of the year limited
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intensive water quality sampling to just the April, 2007 sampling session. Given the resulting
lack of information on nN sources, they decided not to liquidate the account in December
because they had not done any abatement,. Rather, they continued accumulating money until
weather conditions allowed for additional water quality sampling, and consequently a better
information base from which to decide on possible nN abatement actions.
Table 15 also indicates that the farmers want information to guide their abatement decisions.
They requested watershedwide sampling early in the project.22 Figure 16 shows Cullers Run
watershed with the individual sampling sites numbered. The area referred to as the "upper
section" is mostly to the left of the point labeled "Cullers at Doves" while the lower section is
between this point and "Cullers Run at RT 259". These watershedwide sampling runs allowed
the group to move forward on two fronts. First, one of the participating farmers in the upper
section decided, based on the information from the April 2007 watershedwide sampling, to
pursue federal government costshare support for a litter storage shed. Note that it is easier for
farmers to link nN sources to individuals in the upper section of the watershed where farming
sometimes corresponds to small drainages. The sampling indicated that this farm was the largest
contributor of nN per unit area, outside the lower section of the watershed. However, because
the area he farms is relatively small he is actually a small contributor overall. In addition,
making a decision based on only one sampling run is risky. Regardless, he has since completed
this shed, at considerable expense to himself. Second, the lower section was revealed as the
largest contributor overall. Based on this information, participating farmers decided to approach
some of the nonparticipating farmers in this section of the watershed to seek their support in nN
abatement. To my knowledge, this has been unsuccessful todate.

22

Appendix 4 shows the results of one of these sampling runs.
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Source: Cacapon Institute, unpublished
Figure 15.

Cullers Run Watershed Sampling Sites

The costsharing of group money is another significant part of the farmer abatement
response. At the project meeting in March 2008, attendees decided on an approach to distribute
costshare support. Their procedure consisted of sending to the lead farmer23 a oneparagraph
description of the proposed ANP abatement action, with a budget. After proposals were
submitted, the leader would call a meeting to discuss the proposals and make costshare
decisions. To minimize interference with the decisionmaking of the group, only one of three
project researchers, attended the meeting. Thus, this review of the meeting is based on
information gained from meeting participants during followup discussions.

23

This farmer was selected by the group during a project meeting. Rather than a formal process, group members
who were present quickly came to a consensus that he should be their leader. He has been present at all or nearly all
of the project meetings, he is somewhat outspoken, and he has taken action to reduce nN runoff from his farm in
response to projectprovided data. I expect all of these factors contributed to his being selected to represent the
group.
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Six participating farm households attended the meeting, during which the group discussed
two proposals. One was reimbursement for a winter cover crop planted last year. The group
paid 100% of the $777 for the seed for this cover crop. The second proposal was for a livestock
watering and fencing system to exclude cattle from the stream. This proposal was initially over
$5,232. The group required that this farmer remove $160 in labor costs, and they decided to
support this proposal by covering 75% of the remaining costs. In addition, only 25% of this cost
was supported up front, and therefore, the farmer was given a check for $2,046. The remaining
50% will be paid upon completion of the project. If successful this project will exclude cattle
from a significant length of the stream.
Aside from the evidence provided by the abatementrelated actions described above, survey
II solicited information on abatement actions taken outside the scope of formal costshared
activities (questions 11.2 and 11.3). In addition to the three projects discussed above, the
inventory of survey responses indicates that five other participants took some action. This
roughly agrees with survey question 10.7 that asks people to agree or disagree with the statement
"I have made minor changes in the way I farm as a result of this project." Six participating
farmers agreed with this statement.
All of the positive responses to questions 11.2 and 11.3 relate to poultry litter management.
Three farmers said that they are more careful when spreading litter on fields, and specifically, the
timing, location, and amount. Most notably, one farmer reported decreasing the quantity of litter
spread from 8  10 tons per acre to 5  6 tons per acre. Another landowner has begun applying
poultry litter. He claimed that he instructed the farmer operating the land to only put the correct
amount, rather than just letting the farmer do what he wanted, which the owner said, may be
what he would have done before the project. Two farmers reported that they were considering
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fencing livestock out of the stream, and constructing a litter shed. The fencing has subsequently
received costshare support from the group as discussed above.
And what might be limiting farmers’ abatement response? Survey II asked "Under what
circumstances would you be willing to change the way you manage your land based on this
project?" Eleven of the 14 surveyed participants indicated that they would consider actions
under certain circumstances. These circumstances can be broken down into five general groups.
First, four farmers cited the need for information on nN sources. Second, and related to this,
two farmers said they would require information on the impact of their farming on water quality.
The third group of farmer responses relates to abatement strategies, or more generally,
information on what practices famers could implement to reduce their impact. The fourth group
of responses, coming from two farmers, related to financial concerns. It is worth noting that one
of these farmers pursued costshare support from the group, while the other reported that she
knew she was having an impact but was concerned about the expense of addressing the problem.
It is interesting that both people who cited financial considerations either, had already decided to
do pursue abatement actions, or knew of their impact on water quality. Fifth, two farmers
responded by saying that they do not think that they are having a significant impact.
Looking more closely at the financial concerns of abatement, survey question 10.4 asked
farmers to agree or disagree with the statement "Before changing the way I farm I would need to
know that it will be costeffective for my farm." Four farmers disagreed with this statement,
while nine agreed. Note that all four farmers who disagreed are retired,24 while one of the
"agrees" is retired. Also, of the nonparticipating farmers surveyed, who answered this question,
one disagreed and six agreed. The nonparticipating farmer who agreed is retired.

24

Retirement is related to receiving retirement income. Many of the retired farmers continue to farm and some
work other jobs.
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6.3.4 Grouplevel Responses
Does this approach to water quality conservation elicit the anticipated group responses, e.g.
teamwork, peer pressure, or moral suasion? Recalling Table 2, the field experiment seeks to
induce certain results based on three actions. First, by paying farmers for water, the farmers
receive a limited property right that represents a real opportunity if they are willing and able to
act on it. Second, by specifying group payment, farmers have an incentive to jointly address the
ANP problem. Third, because farmers are paid based on performance, they can tailor runoff
reducing actions to sitespecific characteristics and seek costminimizing approaches. Below is a
summary of responses from survey II that address how farmers have responded to these three
actions.
6.3.4.1 Property Right to Water
Table 16 summarizes the survey results with respect to the granting of a property right to
water quality. As these questions pertain only to project participants, there are no responses
tallied for nonparticipants. Theory predicts that a wealth effect accompanies the granting of
property rights (see for example Kahneman and Knetsch, 1990). To the extent that participating
farmers recognize receipt of the property right, think they can put it to use, and it is of value, one
would expect them to 1) take responsibility for it on some level, and 2) feel "better off."
Survey responses to the first two questions in Table 16 indicate that that they do indeed feel
better off along with a sense of responsibility. However, based on survey I and II results,
respondents’ subjective wellbeing assessments did not change for either participants or non
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participants over the course of the year.25 The third question indicates that the participants
support the approach in general.

6.2 Participating in this project has made me feel
responsible for water quality in Cullers Run.
6.3 Participating in this project has made me feel "better
off" overall.
6.4 Paying farmers based on water quality and quantity is
a good way to address the water quality problems.
6.5 I have changed my farming practices in order to
increase the payments.

Disagree

Question

No
Opinion

Property Rights Endowment Responses from Survey II
Agree

Table 16.

9

2

2

11

2

0

11

1

1

3

2

8

With respect to behavioral evidence and the endowment of a property right, Coase (1960)
argues that in the absence of costs, the granting of property rights will lead to bargaining that
results in an efficient allocation of resources. This implies that the equilibrium input use for each
farmer would settle at the level x1 shown in Figure 16 (based on Figure 4), and that farmers
would receive payments for this reduction in input use because they have received the property
right endowment. The value of this property right to farmers would be represented by area “A”.
So, is there evidence in Figure 16 that the farmers recognize, and benefit from, having
received this property right endowment? The fact that the farmers have taken the "reduce the
problem" approach to allocating payments may be weak behavioral evidence that they have
assumed some level of ownership. Under the "reward and penalize" approach discussed in 4.2.1,

25

This is based an a comparison of responses to question D9 pf survey I and 4.3 of survey II asking respondents to
subjectively assess overall satisfaction with their life.
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Theoretical Welfare Effects of the "Reduce the Problem" Approach

at x1 the farmer represented by Figure 16 would lose the value equivalent to area B. However,
under the alternative "reduce the problem" approach the farmer maintains the value equal to the
area between the two marginal profits curves, Mp1 and Mp0. To the extent that active
management that seeks to capture additional value in this fashion seems to signal some level of
assumed ownership. Based on this, I would argue that this is evidence that the farmers' behavior
conforms to that of someone who has assumed ownership of the property right.
Looking at the potential impact of the property right endowment on welfare, Sen (1999)
carries the idea of property right endowment further than other economists. He argues that
simple ownership rights are not a good indicator of welfare. Rather, he claims that it is
important to consider how well a person can use a given property right (see Sen (1987) for a
detailed description of this distinction). More recently, Robeyns (2006) makes the case for
"genuine" opportunities, opportunities that a person can actually covert into wellbeing. In the
case of a propertyright to water quality, this would require that a farmer perceive that he or she
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can take advantage of the opportunity at an individual level, as well as participate in the actions
of the group. With these thoughts in mind, what counts is being able to put a property right to
water to work. I think that the teamwork towards ANP control demonstrated by the farmers, and
the abatement actions undertaken by individual farmers, are evidence that the property right to
water is a meaningful contribution to welfare.26
6.3.4.2 Group Payments to Induce Teamwork
As explained in Table 2, this is intended to stimulate teamwork in addressing ANP through
group mechanisms. Underlying cultural norms relating to teamwork and independence in the
Appalachian context have been discussed by many authors. As a preface to a discussion of the
group response to the field experiment, it is useful to summarize some of this discussion.
Physical and psychological isolation has shaped Appalachian culture (Appleby, 1970;
Crickard, 1980). Appleby (1970) argues that this isolation has bred distrust. Smathers (1970), a
preacher, distinguishes between personal communities and institutional communities (see also
Crickard's (1980) discussion of personalism, and Simpkins (1980)). He writes that when the
personal community is concerned, where people relate to each other as individuals, Appalachian
people are very trusting. However, institutional communities, where people relate as organized
groups, engender suspicion and even distrust. He illustrates this dichotomy with examples of
how Appalachians would reliably welcome a stranger, in the case of Peace Corps trainees
sometimes for a week, while their desire to maintain independence from institutions stems from
experiences of betrayal, colonialism (see also Crickard (1974) citing Fetterman (1972)), and
deculturalization. For example, Williams (2002) describes the sentiments of residents who lost

26

Recall that the group could divide up payments evenly, without creating a cost share fund. Given the very small
individual payoff to abatement efforts that the theoretical models predict, this would seem a reasonable course of
action. Moreover, this is not precluded by the project agreement.
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their land when the Great Smoky Mountains National Park was established. He presents a poem
where Louisa Walker expresses relief in knowing that she will have uncontested ownership once
she arrives in heaven as follows (p. 92):
And no park Commissioner
Will ever dar
To desturbe or molest
Or take our home from us there.

Crickard (1980) casts a slightly more positive light on the effects of isolation, maintaining
that it has led to a culture of individualism and independence, themes that are repeated often.
Simpkins (1980) writes that the desire for independence from central authority expressed by
current residents of Appalachia extends back to their ancestors, the Celtic people. He writes that
"For two thousand years these people have been set upon by tax collectors who always want [sic]
to tell them what to do and how to do it" (p. 45). In an earlier accounting, Crickard (1974)
writes that "The home place is symbolic of the family and reinforces the fierce family loyalty felt
by the mountaineer" (p. 31).
Pertaining to the potential of the farmers in Cullers Run to work together, the tendency
towards independence has been tied to a high degree of neighborliness. Crickard (1974) cites
Jones (1969) in arguing that neighborliness strengthens the independence of mountain people,
explaining that by working together they could survive in the frontier setting. Meanwhile,
Simpkins (1980) writes that customarily, when a problem came up the community got together
and solved it.
Given the cultural context above, Table 17 presents the responses to survey questions
addressing this element of the study. Responses to 7.2 and 7.5 relate directly to group
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7.2 Outside project meetings, I have talked about this
project with friends and family.
7.3 Paying farmers for water quality as a group is better
than paying them individually.
7.4 In this project, the group decided that early
participants receive a $50 signup bonus and now
payments are distributed to everyone when 10% of the
monthly payments will allow $25 checks. The rest is put
into an account for costsharing or later distribution. I am
satisfied with this decision.
7.5 With group payments, participants will "keep an eye
on" each others farming practices.
7.6 My farming practices have a negative impact on the
payment to the entire group.
7.7 This project makes me worry about what others might
say concerning the impact of my farming on water
quality.
9.2 I think that farmers who contribute more nitrates to
Cullers Run should receive a smaller share of the
payments.
9.3 Smaller payments to farmers who contribute more
nitrate to Cullers Run would cause these farmers to
change their farming practices.

Disagree

Question

No
Opinion

GroupBased Approach Responses from Survey II
Agree

Table 17.

12

1

0

8

2

3

13

0

0

10

2

1

1

1

11

2

0

11

2

2

9

4

1

8

mechanisms. Specifically, 7.2 indicates that farmers are indeed talking about the project among
themselves. The contrary would signal a lack of teamwork. The response to 7.5 relates to
monitoring of farmer actions by other members of the group. Ten participants agreed that
farmers in the group will monitor each under this field experiment.27
This may explain one of the more interesting sets of survey responses. To better understand
the perceptions of the economic incentives offered by the field experiment, respondents were
asked if they agree that high runoff farmers should receive smaller payments (question 9.2), and
27

Less clear is if they thought this was good or bad.
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that smaller payments would cause farmers to change their farming practices (question 9.3).
Responses indicate that farmers do not think that highrunoff farmers should be penalized, and if
they were penalized it would not cause them to pursue abatement. These responses support the
"reduce the problem" theoretical model. They also support the contention that, although
independent, the farmers may have an established norm of helping their neighbors.
Although not formally asked in the survey, follow up discussion during the survey indicated
a tendency toward giving high runoff farmers more money not less. This could be because the
farmers identify with each other, and are therefore, averse to administering penalties, especially
in the context of a threeyear project. However, it could also reflect their best opinion of how to
encourage people to participate in the project and abate.
Responses to questions 7.6 and 7.7 relate to the cultural norm of independence described
above, and speak to the challenge of peer monitoring as a group mechanism. Participating
farmers are reluctant to relate any negative effects of their farming to the group payments.
However, it is important to note that based on results of the intensive watershedwise sampling
that has been conducted, there is a link between agreeing with questions 7.6 and 7.7, and
objective evidence indicating that a given farmer is having a negative impact on water quality.
Specifically, one of the farmers identified by these samples as highrunoff has constructed a
manure storage shed, another has acknowledged a negative impact, and representatives of the
group have approached nonparticipating farmers in the area of the watershed tentatively
identified as the principle source of nN.
In addition to the survey responses, I can also look at the record of behavioral evidence on
the ability of the group to work together. Fifteen farm households demonstrated a willingness to
participate in this groupbased activity during the first year by signing an agreement. I estimate,
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based on discussions and an inventory of attendees at various project meetings, that there are
another 13 farm households operating in the watershed. Using farmer reported agricultural use
information as well as aerial photo data, I computed that participating farm households own or
operate approximately 36% of the agricultural land in the watershed.
The participating farmers have generated a number of results as a group. They established a
payment allocation formula. They requested watershedwide sampling runs to ascertain sources
of nN. They developed a system to reimburse farmers for actions taken that are aimed at
reducing nitrate loading, and subsequently paid out about $2,823 in cost share support.
6.3.4.3 PerformanceBased Payments
The third and final action taken by the project is to make payments a function of performance
rather than inputs. This allows farmers to use their land management skills to devise ANP
abatement strategies that are less costly than those mandated by government costshare
programs. This may be especially relevant in the context of Appalachia. The residents of
Appalachia have a strong attachment to their land and home place (Crickard, 1974; Simpkins,
1980). Lubell et al. (2002) explain that people with a sense of place value ecosystem health
because their current and future quality of life depends on their ability to access local resources.
They go on to cite Ostrom (1990) who argues that people with a sense of place have local
knowledge of how natural systems work and they can factor this knowledge into institutional
rules, and thereby, decrease transaction costs.
Is this relevant to Cullers Run? On one hand, Wagner (2002) explains that in Appalachia
place names can symbolize the genealogy of an area, and thus they may be an important part of a
person's identity. Looking at the current study, the experimental watershed stream is named
Cullers Run. It is composed of Crab Run, and two forks, Whetzel Hollow and Shipe's Hollow.

103

Of the fifteen households who participated in this project during the first year, five of them bear
one of these names. Note also the relatively long periods that the farmers have been residents of
Hardy County and Cullers Run (Table 11). Conversely, literature argues that farmers may not
have the expertise needed to implement their own BMPs (Horan et al., 1999; Weersink et al.,
1998; Shortle et al., 1998; Cabe and Herriges, 1992).
Table 18 presents survey responses to questions that explore farmers’ thoughts on their
ability to deal effectively with the ANP problem. Looking first at how confident farmers are of

8.2 Because of this project, I have discussed with others
or thought about ways to decrease my farm's impact on
water quality.
8.3 I have used information from the water quality
sampling done by Neil to alter my farming practices.
8.4 I think that the costshare dollars given at the May
meeting will payoff in the longrun by generating higher
group payments.
8.5 I can control nitrate runoff from my farm, cost issues
aside.
8.6 On my farm I can figure out how to reduce nitrates
more cheaply than by following NRCS BMP standards.
8.7 I could reduce nitrates from my farm by at least 25%
if necessary by changing the way I farm.
8.8 I know the sources of nitrate on my farm.
8.9 I have learned a lot about sources of nitrate in the
watershed from the project.
8.10 I know more now about how to control nitrate runoff
from my farm than I did before the project.

Disagree

Question

No
Opinion

Use of Local Knowledge Responses from Survey II
Agree

Table 18.

11

0

2

6

1

6

11

2

0

9

0

4

8

3

3

4

2

7

11

0

2

11

0

2

12

1

1

their ability to control nN runoff, questions 8.5, 8.6, and 8.8 all indicate that farmers think that
they can manage their own ANP abatement actions. In addition, responses to question 8.3
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indicate that at some level six of the thirteen farmers surveyed have taken some sort of nN
abatement action. Responses to question 8.4 indicate that the farmers think the group's cost
share money was well spent.28 Overall, these responses are at odds with the literature cited
earlier arguing that farmers may lack the expertise to implement their own BMPs.
The responses to questions 8.9 and 8.10 may explain some of the farmers' confidence in
their own ability to reduce nN runoff. These responses indicate that farmers have learned about
nN control over the course of the project's first year. Responses to question 8.2 indicate that
there has been discussion between farmers on nN abatement, which may also be partly
responsible for farmers feeling that they can control nN runoff.
The contradiction in Table 18 relates to question 8.7. In this case farmers were reluctant to
say that they could control nN at a certain level. It is possible they perceived 25% to be a very
high abatement target. Alternatively, the farmers who disagree with 8.7 could feel their impact is
already very limited. This latter contention is supported by a review of the survey information.
For example, three of the farmers who disagree farm high land that is quite distant from streams,
and three others could be considered "low intensity" farmers, for example, retirees who maintain
hayfields.
As noted above in the section on individual abatement, a number of farmers have taken
action to reduce their nN runoff. Given the concerns over farmer abilities to manage runoff it is
instructive to look at these actions. As described above, all but two of these abatement actions
concern management of poultry litter, including storage, application rate and timing. The other
actions are the costshared abatement activitiesa winter cover crop and a livestock exclusion
project. My observation of how these actions came about is that they were done with very little

28

Backing up farmer opinions with empirical water quality evidence would of course require much more time and
effort.
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outside intervention. Rather, these actions were based on widely known BMPs that have become
common knowledge. For example, a farmer whose cattle have direct uncontrolled access to a
stream tends to know that this disrupts the streambed and increases nN loading. 29 This farmer
also knows that these cattle can be fenced out of the stream and alternative water sources created.
Similarly, a state/federal program to build storage sheds for poultry litter resulted in many such
sheds being built in Hardy County (WV DEP, 2000). As a result, farmers know that it is good
practice to store livestock manure out of the rain. The actions that have taken place under this
project resemble these governmentsponsored BMPs. However, to my knowledge, with the
exception of the manure storage shed that was built using government costshare funds, all of
these actions were implemented by the farmers without outside technical support.30 This is
evidence of the farmer's ability to implement abatement practices on their own. I would argue
that one could designate a set of "best management behaviors" (BMBs) that represent generally
accepted practices of this sort. Based on the above, BMBs in Cullers Run would be "do not
allow livestock longterm unrestricted access to streams", and "keep litter and manure out of the
rain".
How a farmer might implement a BMB without technical guidance is an open question.
Experience todate under this project is too limited to draw even tentative conclusions.
However, the actions undertaken under this project indicate some promise. For example, the
group's approach to costsharing required only a one paragraph description and short budget.
The decision was made over the course of one meeting, and farmers are free to take advantage of
much more flexibility in the installation of the livestock exclusion project.

29

There may well be farmers who would argue this point but they are becoming fewer in number.
The choice of a winter cover crop was probably the result of a technical intervention in the past, and may be
subject to periodic monitoring because the farmer is a poultry farmer. To my knowledge the farmer implements this
practice yeartoyear 9without annual oversight.
30
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Chapter 7

Conclusions

This dissertation reports the results of a field experiment where a system of water quality
payments to farmers was initiated in a small watershed in the Appalachian Mountains of West
Virginia. The payments are made to a group of participating farmers and are based on water
quantity and quality in the watershed. By making payments a function of water quality, this
payment system provides monetary and social incentives to abate agricultural nonpoint source
pollution at least cost. Within the context of this field experiment I address the following three
research questions:
1) Prior to initiation of a field experiment, can water prices and a watershed payment
formula be computed and would this payment provide an economic incentive to reduce
pollution?
2) Can this watershed payment formula account for background levels of pollution?
3) Does the watershed payment formula and institutional framework created during this field
experiment elicit desired participation and abatement responses from farmers?
Below are the conclusions reached in the current study within the framework of these three
research questions. In addition, because this is a contextrich field experiment, a number of
“other learnings” are presented in a fourth section. This dissertation finishes with a discussion of
study limitations and recommendations.
7.1

Research Question 1: Price and Payment Estimation

Before an experiment of this type can be undertaken, researchers need estimates of the payments
that farmers would receive. These estimates allow researchers to develop a budget, and farmers
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to decide on participation. However, detailed information on stream flow and water quality is
often lacking. Thus, it is difficult to generate reliable payment estimates.
With this in mind, based on the results of the payment estimation work presented in section
6.1, I make the following four observations. First, using Microsoft Excel to generate bestfit
equations to estimate stream discharge based on rainfall performed well under normal weather
conditions. This is shown by the agreement between estimated discharge and actual discharge
presented in Figure 8 for the months of April 2007 and March 2008. However, under
abnormally dry conditions, this estimation approach generated discharge estimates that were too
large. This is evidenced by stream discharge that was much greater in Waites Run than Cullers
Run (Figure 9) during the dry period through summer 2007. In optimization program described
in section 5.1.2.1, this overestimation of Cullers Run discharge affected the watershed payments
directly by overestimating discharge when developing prices for water and simulating payments.
Overestimating Cullers Run discharge also had an indirect effect on the watershed payments
through its influence on the monthly adjustment factors. Recall that discharge multiplied by nN
concentration gives nN load. When discharge is not well estimated then the resulting
adjustment factor estimates are impractical. Thus, discharge estimates play a role in the payment
scheme developed in the current study that extends beyond just the quantity element of the
watershed payment.
Comparing simulated versus actual values for discharge, adjustment factors, and payments
indicates that when the rainfall is high or average, my approach to estimating prices and
payments was reasonably accurate (Figure 8). However, under dry conditions, discharge
estimates, and related adjustment factors, and payments deviated from estimates. My
methodology for estimating discharge assumed that monthly discharge was only a function of
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rainfall in the preceding thirty days. For example, if little rainfall was received during those
thirty days, discharge would be small. However, this may raise a problem. Suppose rainfall was
depressed for two months in a row. Now, if rain does fall, it will not generate the expected
discharge. Rather, like a dry sponge absorbing water, a relatively high proportion of the rainfall
will go towards rehydrating the watershed rather than being stream discharge. This is the
scenario supported by panel A of Figure 9 where we see more peaks in the Waites Run
hydrograph than the hydrograph for Cullers Run. Fortunately, there is a simple first step to
addressing this problem. If estimated discharge is made a function of rainfall in the current
month, plus the prior month, this might address this problem while maintaining the simplicity of
the overall approach.
The second observation concerns the fact that I made extensive use of concentration as a
proxy for load in calculating simulated adjustment factors prior to the field experiment. This is
important in that data on concentration is often more available than load data. Because the
adjustment factor is a ratio, using concentration seemed reasonable since the approximately
equal discharges of Cullers Run and Waites run would cancel each other out. When discharge is
approximately normal this assumption was acceptable because the preliminary estimates of
discharge were good approximations of actual discharges. However, when discharge deviated
from the norm during the dry summer, then a concentration ratio was not a good proxy for a load
ratio because the discharge estimates were not equal on both watersheds. My conclusion is that
use of concentration data as a proxy for load may be problematic where extreme circumstances,
for example dry streambeds, can be expected, or discharge estimates involve substantial
uncertainty.
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Third, the formal agreement played an important role in mitigating risk to researchers.
Specifically, it puts limits on the watershed payments that can be made in one year by
stipulating that payments may not exceed $30,000 in the first year. Not knowing for sure if the
models used to calculate prices and estimate payments were dramatically off, or what would
happen if the weather was very favorable, this payment ceiling provided an important safeguard
to researchers. While not included in the agreement above, a floor on the monthly payments
may also reduce the risk of participation by helping farmers avoid overly low payments.31
Finally, based on the survey results presented in Table 14, farmers are participating in this
project for reasons that go beyond monetary incentives. For example, 12 out of 13 participants
agreed with the statement “I would have participated in this project even if there were no
payments because it is the right thing to do.” However, the approach to pricesetting used in the
project (see Section 5.1.2) was based on a representative farm. The methodology was intended
to generate payments large enough to induce participation and BMP installation. So, why the
discrepancy between participants’ observed motivations and the expected motivations?
The GAMS optimization program looks at the watershed as one large representative farm
with land use allocated as it is across the entire watershed. Thus, this representative farm had
forest, pasture/hay, and corn. However, in survey II 2 of 13 participating farmers reported
growing corn, with an average acreage of slightly more than 16 acres. Meanwhile, 4 of the 13
nonparticipating farmers reported growing corn, barley or soybeans with an average acreage
per farmer of over 91 acres. In addition, as discussed in section 6.3.2, perceived risk to income
may have led farmers with greater perceived risk to avoid project participation. By ignoring this
31

Note that a fixed minimum payment may alter the overall incentive mechanism. For example, in the initial paper
on ambientbased instruments by Segerson (1988) a fixed tax/subsidy is part of the incentive mechanism, and this
element is carried forward in some form by much of the research conducted since (see for example, Poe et al.,2004;
Cochard et al. 2005; Vossler et al. 2006). Therefore, the possible impacts of a minimum payment on farmer
participation, cost sharing and abatement decisions would need to be examined closely.
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heterogeneity between farms, and ignoring risk the GAMS optimization model may have
underestimated water prices. Given the basis for participation expressed by farmers, and the
observed participation differential between farmland classified as prime farmland and all other
farmland, a refined optimization model that includes a pasture/hay farm and a corn farm, and
considers risk, should be evaluated.
7.2

Research Question 2: Controlling for Background nN

NitrateN (nN) comes from natural as well as anthropogenic sources. It also varies with
environmental conditions. As a result, an economic incentive based on nN needs to address two
challenges. First, it may be considered unfair by farmers in that it could penalize them for
factors beyond farmer control. Second, the incentive could be “noisy” because natural
fluctuations in nN might mask anthropogenic contributions. With these challenges in mind, the
current study tests a novel “index watershed approach” designed to make the incentive less
“noisy” and more fair.
Based on the results presented in section 6.2, I can make two observations. First, many
ambientbased economic incentives discussed in the literature would levy taxes or subsidies
based on measured nN. The results presented above indicate that this would at times unfairly
penalize farmers by decreasing their payment (or increasing their tax liability) when the increase
in ambient nN was partly due to an increase in natural background levels of nN over which
they had no control. Importantly, in practical terms the graphical evidence in Figure 13 indicates
that the adjustment factor allows payments to increase even during months when measured
Cullers Run nN load increases. Regression results reported in Table 10 indicated that during the
growing season, discharge decreases the value of the adjustment factors. Unfortunately, the dry
conditions corresponded with the growing season making the regression results difficult to
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interpret. Continued data collection will enable researchers to determine if this result holds
under more typical rainfall conditions during the next growing season. Better rainfall
information, for example rainfall deficit data, may allow for better adjustment factor simulations
or ex post evaluation than discharge data and general measures of weather conditions.
Secondly, it is important that researchers be able to evaluate the performance of a payment
formula before actually implementing it. The comparison between the ex ante and ex post
evaluations indicate that the adjustment factor based on concentration was correctly judged to be
effective enough to proceed with the experiment. However, the reliance of the ex ante
evaluation on accurate discharge estimates resulted in adjustment factor values that deviated
from expected values when the models were pushed by abnormal weather conditions. Had the
field experiment been on a large scale this could have had significant budget implications. The
experiment included a sensitivity analysis on rainfall levels, and consequently generated price
levels that were a function of discharge. In retrospect, I could have included in the initial
sensitivity analysis more extreme weather conditions. For example, the low rainfall estimate was
the highest rainfall of the driest 25% of the months in the sample. Put differently, 75% of the
months in the sample had more rainfall. Calculating prices based on the driest 5% of the months
may have alerted me to the possibility of the model produced unreasonable prices, payments or
adjustment factors. Alternatively, an “institutional response” to abnormal weather conditions
could be considered. For example, if the performance of the models is questionable under
extreme weather conditions, a minimum payment or discharge could be set in advance in the
signed agreement.

112

7.3

Research Question 3: Farmer Response

The results presented in 6.3.2 indicate that participation rate is decreased among farmers
who operate land classified as prime farmland. I interpret this result to stem from a perception
among these farmers that participating in the field experiment will increase risk to farm income.
The regression results presented in Table 13 indicate that one's success as a farmer may also be a
determinant of the likelihood of participation. More specifically, the regression results indicate
that farming success is associated with decreased likelihood of participation. It is plausible that
“successful” farmers, those with a high farm income while controlling for percentage of income
from farming, are those who own or rent prime farmland.
Despite the low importance associated with the watershed payments noted in farmer
responses to survey questions (see Table 14) , and the potential uncertainty that participation
may entail, observed participation rates are high. My tally of farmer participation shows that 15
out of 28 farm households participated during the first year, and my mapping indicates over 36%
of the farmland is involved. Overall these results indicate that the field experiment does induce
participation, the participation decision is based largely on nonmonetary concerns, and there
may be a perception that participation would introduce uncertainty.
Based on the results in 6.3.3 describing abatement actions, I would argue that the concerns
in the literature relating to the potential problems farmers face in deciding what abatement
actions to take (see for example Weersink et al., 1998; Cabe and Herriges, 1992; Shortle et al.,
1998; Horan et al., 1999) and how to take them, are not supported by the evidence gathered
during this field experiment todate. While farmers have expressed a lack of knowledge
regarding nN control, this may not translate into an inability to costeffectively abate nN.
Rather, evidence todate, although limited, indicates that farmers will seek out information on
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potential sources of nN runoff, and that they have acquired a familiarity with BMPs that allows
them to implement runoff reducing practices with little additional outside expertise.
I argue that through past campaigns to control ANP, farmers have acquired a general
understanding of farm practices that contribute to high levels of runoff, as well as corresponding
BMPs that reduce runoff from these farm practices. For example, in the past, allowing cattle
open access to a stream was standard farming practice. Now, however, it is frowned upon, and
farmers understand that controlling cattle access to streams using streamside fencing and
alternative watering systems can reduce runoff. Based on survey results and field observations, I
anticipate that the payment system implemented by this field experiment will allow farmers to
implement "best management behaviors" (BMB). These are farm management practices that are
based on BMPs but do not have to adhere to standard BMP guidelines.
Also, participating farmers have a high information requirement. In other words, before
making a change they want to know that it will have an impact. On one hand this is reasonable.
On the other hand, given the complexity of the link between a farmers land use and stream nN
loading, this can present a high hurdle to taking water quality protection actions. Given the
observed positive response of farmers to the intensive water quality sampling information
provided by this project (see section 6.3.3); I think that reliable data can successfully address this
requirement.32 Therefore, I argue that additional water quality sampling is the best way to
address this information need.
Finally, the emphasis that the farmers place on costeffectiveness, and the costsharing
scheme that they have developed lead me to think that the "reduce the problem" model best

32

It may be important that the water quality coprinciple investigator on the project was judged trustworthy by
project participants based on survey responses, and that much of this sampling was conducted with support from,
and observed by, a project participant. It was also presented directly to project participants with substantial
opportunity for questions and explanation.
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describes their abatement behavior.33 Theoretical model III anticipates a higher portion of the
payments being dedicated to cost share early in the field experiment, and indeed the participants
allocate 90% of each monthly payment to the cost share fund. This percentage cost share
decreases the economic incentive participants will realize in the near term, and may explain the
low importance the farmers place in the payments. Rather, farmers' main motivation seems to
be to assist other participants in reducing nN runoff by cost sharing of abatement activities. To
note is that model III anticipates that project participants will reduce the percentage of payments
allocated to cost share as expected damage due to ANP approaches zero. As the project
progresses, if participants do in fact reduce the percentage of payments dedicated to cost share
this would provide additional evidence in support of Model III.
The discussion below on grouplevel responses to the project also supports this model, with
survey responses indicating that the cost effectiveness of an abatement action is important, and
that farmers seem quite averse to penalizing each other based on runoff. In fact, survey
responses indicate that they are more likely to offer high runoff farmers more money, not less, to
support efforts by these farmers to decrease the runoff.
Based on farmer responses to the three actions taken by the project (section 6.3.4), I argue
that there is evidence of progress being made towards the anticipated results (Table 2).
Approximately 53% of the watershed farmer households are participating in the field
experiment. By agreeing to participate, they are jointly managing water quality. This involves
allocating payment to costsharing, and seeking information on nN loading throughout the
watershed.

33

It is important to note that prices and payments were calculated using an "opportunity cost" approach rather than
basing them on the marginal damages as called for in theoretical models II and III. As cited by many authors,
information on economic damages is difficult to acquire. Farmer opportunity cost was relatively easy to determine.
Also, opportunity cost was more in line with the idea of a constructed market for water.
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The noted exception to participation would be the farmers operating on prime farmland.
Based on the discussion above, this case is especially challenging for at least three reasons. One
reason is that there may be a greater perceived risk to farm incomethere may be more at stake
in this area, and therefore participation is lower. Also, it is more difficult, if not impossible, to
trace nN loading back to an individual farmer because the fields are contiguous. This contrasts
with the upper section of the watershed where farmers tend to occupy small drainages which can
sometimes be analyzed separately as shown in Figure 15. In addition, based on the first intensive
watershedwide sampling run, the lower section of the watershed where prime farmland is
located produces approximately 75 times as much nN load as the next largest contributor. Two
subsequent watershedwide sampling runs have also shown that this section produces
substantially more than other sections. As a result, it is important that farmland in this section be
brought into the project. Of special interest will be how successful participating farmers are in
drawing nonparticipating farmers into the project. Participating farmers have approached non
participating farmers in the lower section to seek information and cooperation. In addition, the
single participating farmer operating in this section received cost share support from the group.
It will be important to monitor the success of the group in gaining cooperation from more
farmers in this area. At this point in the experiment (15 months), I think it is important not to
pervert the group response with explicit project actions designed to bring these farmers in.
Rather, continued information from water quality sampling and the cost of nN loading will
provide participants with the knowledge to help them decide how, if at all, to bring these farmers
into the project.
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7.4

Other Learnings

As mentioned in section 3.3, the lack of realworld context has been noted as a potential shortfall
of the current experimental research on ambientbased ANP controls. Specifically, Segerson
(2008) summarizes a series of papers on environmental regulation and compliance, and writes
that researchers go to great lengths to remove confounding effects of context from their
experiments. She then points out that when removing context researchers may also "abstract
from context effects that could be very important in practice" (p. 327). In the same volume,
Kling (2008) reviews a series of economic experiments on common property and public goods.
She argues that adding context requires understanding the institutions and history of the given
problem, but that including context may offer substantial payoff by increasing the relevance of
the findings. The current study addresses this shortfall by making real payments to active
farmers based on actual field outcomes.
In terms of context, the current study differs from much of the experimental research in a
number of easily recognizable ways. While payments are strictly positive, participants in the
current study are not guaranteed compensation on an individual level. Typically, participants in
experimental economics research receive a cash payment for participation. A participant in the
current study faces the possibility of learning that she is a contributor to ANP pollution, and thus
needs to make actual changes to farming practices. Although experimental economics can
incorporate penalties, pressure to actually change farming practices is not a possible outcome in
laboratory experiments. Unlike laboratory experiments, residents in Cullers Run live in relative
proximity to each other, and many have long histories in the area. This makes the impact of
project decisions on the value of future social interactions an actual consideration for the farmers
in the current study (see for example Seabright, 1993). Lastly, the farmers in the current study
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were not restricted in their ANP abatement choices or payment allocation scheme, while choices
in laboratory experiments are limited to preconceived choices made by researchers.
With the above in mind, the current study demonstrates that context does matter. For
example, the decision of the farmers to provide cost share funds to farmers for nN abatement
actions arose from the farmers themselves, and was purely a product of the local context.34 In
addition, the system that the farmers developed for allocating payments included an early signup
bonus, periodic payments to maintain interest, and the setting aside of 90% of the payments for
future costsharing of ANP abatement actions. None of this was previewed by researchers as a
choice the farmers might make. Also, survey results imply that nonmonetary considerations
were most important to those participating. This indicates that the concerns of Segerson (2008)
and Shortle et al., (1998) that experimental results may be sensitive to realworld context are
well founded. The current study supports the work of Breetz et al. (2005) by showing that the
effects of nonmonetary considerations may overwhelm economic considerations. I would argue
that given 1) the potential for rich interplay between local informal institutions, farm level
constraints and opportunities, ANP abatement actions, and 2) the importance of nonmonetary
considerations observed here, that laboratorybased results do indeed remove relevant context.
7.5 Limitations of the Current Study
By making payments to actual farmers based on water quality outcomes, this field
experiment exposes economic abatement incentives to context, such as real farmers, real farms,
and real payments based on water quality performance. However, there are tradeoffs. While
experimental economics teaches us much about something very limited, (and therefore I would

34

As explained in sections 6.3.4and 7.3 the success of these actions is based at least in part on the past efforts of
extension programs.
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say of very limited relevance to the real world), the current study teaches us very little about a
lot. This would be less the case if the study area had been large. However, with a limited
research budget and limited information on key environmental parameters, the study area was
kept to a minimum out of necessity. Thus, there was an unhealthy tension between the need for a
large sample area, and the need to limit budgetary uncertainty. As a result the current study
relies to a large extent on subjective data and field observations, and perhaps some worthwhile
data was not collected or processed. A small sample area also precluded a control group of
farmers.
Also, it is very difficult to ascertain whether or not farmer’s actions were influenced by the
actions of the researchers. Ideally, the farmers would have been presented with the project
agreement described in section 2.4 and then tracked from a distance. However, the project
researchers assumed that the novelty of the concept and lack of experience as subjects in an
economic experiment warranted explanation. Research also indicates that farmers may not know
the impacts of their landuse on ANP emissions (Taylor et al., 2004). With these challenges in
mind, the decision was made to provide the farmers with information on the project through a
series of meetings. Local conservation agents and community leaders participated in these
meetings, and information on current water quality conditions was presented. Over the course of
the first 15 months of the project, as described in section 6.3.3, researchers responded to requests
for information on water quality. To reduce the possibility of undue influence on farmer
actions, only one of the three project researchers attended the meeting of project participants
where they made cost share decisions. 35

35

The project researcher that did attend was needed because he is able to disburse funds from the group account.
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Lastly, theory tells us that ANP abatement based on outputs, i.e. water quality, has the
potential to be more cost effective (Ribaudo et al., 1999). However, extensive baseline water
quality information and long experimental periods are required to detect changes in ANP. For
example, Smith et al. (1993) write that distinguishing shortterm variability from longterm
trends in water quality can take up to 10 years of data. Given that this dissertation is based on
the first fifteen months of field work, sufficient data to analyze changes in water quality and the
resulting costeffectiveness of ANP abatement are not available.
7.6 Recommendations for Policy and Future Research
The results discussed in the current study indicate that this line of inquiry is very fertile ground
for additional research. Specifically, I would like to make the following three recommendations.
First, there is a need for more experiments of this type. Each contextrich watershedlevel
field experiment will add to our understanding of how farmers in a given setting respond to
payment systems of this type. As the number of case studies builds, researchers and eventually
policy makers will be able to generate more conclusive results than those presented here.
Second, the project research team includes economists and a water quality expert.
Meanwhile, I found some of the most promising literature to be that generated by political
scientists (see for example Lubell et al., 2002; Ostrom and Gardner, 1993; Ostrom, 1990).
Assuming that small sample size places an emphasis on qualitative methods, and that the need to
introduce realworld complexity is wellfounded, to the extent practicable, future field
experiments should consider including a political scientist, sociologist, or anthropologist on the
team to capture more of the contextrelated results.
Third, keeping the current project going seems important on a number of fronts. The value
of an economic incentive is of course, directly related to how long it is expected to operate. If
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Cullers Run farmers were given the opportunity to respond to a longer time frame for the
umbrella project, the results would more closely approximate what could be expected in the real
world. The GAMS optimization program should be revised to include two representative farms,
and income risk. The resulting prices and payments may help to explain the differences between
farmer participation presented in section 6.3.2. A revised price schedule could be presented to
farmers in the current study, however, I would argue that farmers may still be adapting to the
current price levels and altering the prices would be premature.
Although outside the scope of this research, an important line of inquiry pertains to where
funds would come from to operationalize payments for water quality. If experiments like the one
presented here indicate that this approach is viable, then researching this question would be a key
next step. Also, the water quality impacts of changes to farming practices that the field
experiment has induced will take a long time to discern. Extending the project term will increase
the likelihood that the impacts of the abatement actions that farmers have undertaken will be
quantified.
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Appendix 1: Survey 1
SURVEY NUMBER _____________
Farmers as Producers of Clean Water: Providing Economic Incentives
for Reducing Agricultural Nonpoint Pollution
August 2007
West Virginia University, Division of Resource Management,
Introductory Information:

·
·

·
·
·
·

·

·

This is a research study about a new way to improve stream water quality and the well
being of people who farm.
Your opinions and participation will help us develop a new method of addressing water
quality concerns that is good for both streams and the people like yourself living near to
them.
This work will also provide the basis for publication in scientific journals and at least one
doctoral dissertation.
You are invited because records show that you own or rent land in or near the Cullers
Run Watershed of Hardy County.
This survey should take about 30 minutes to complete.
All information gathered in this survey will be kept confidential. The information that
you provide will remain confidential and will not be shared with any business or other
institution.
You do not have to answer every question and your participation in this survey is
completely voluntary. The only data released to the public will be in a form where
individual responses can not be identified.
If you have any questions regarding this survey, please contact Alan Collins at 304293
4832 x4473 (alan.collins@mail.wvu.edu).

A. ON FARMING
A1. Looking at the land you own or manage in the Cullers Run Watershed, for each tract:
Tract
number
A1.1
A1.2
A1.3
A1.4
A1.5
A1.6
A1.7
A1.8

tax map
number

Type of Ag.
land

acreage in Own/Rent
agriculture
O/R
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Stream
Y/N

Spring
Y/N

A2. Do you operate any poultry houses on these tracts of land?
_____ No
_____ Yes
IF YES, how many? ____

A3. Do you manage livestock on these tracts of land?
_____ No
_____ Yes
IF YES, what kind ____________________________________ and
how many? ________________________

A4. Have you ever participated in either NRCS/FSA or WV Potomac Valley Conservation
District programs?
No _____

If “No” have you ever considered participating in / or were you asked to
participate in a Federal or State costshare program?
_____ No
_____ Yes please describe why you did not eventually participate

Yes _____

If “yes” for each starting with most recent:
Program _________________________
Actions taken _____
Description of improvements:
Continuing? Yes___ No ___
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Year _____

A5. Within your farm operation, have you ever made any changes specifically to protect
water quality?

_____ No
_____ Yes
If “yes” please describe an example.

A6. Do you think your land management has any impacts, positive or negative, on the
water quality of Cullers Run?

_____ Positive (please describe)
_____ Negative (please describe)
_____ No impact
_____ Don’t know

B. ON PROJECT
B1. (CR residents only) Tell me why you decided to (not) participate in this project?
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B2. (CR residents only) Do you agree or disagree with the following statements about this
project?
Strongly
Agree
1

2

No
Opinion
3

4

Strongly
disagree
5

The project offers an additional income source
for your farming.
The project addresses a water quality problem in
Cullers Run.
The attitudes of my neighbors, friends or family
towards this project are important in my decision
to (not) participate.
The project seemed to be low in financial risk.
I worried about what others would think
The project might offer an alternative to water
quality regulation in agriculture
I judge the project staff to be trustworthy.
Participation in the project was easy.
OTHERS?
Considering each tract of land listed in question A1:
B3. what do you think are potential sources of nitrate into Cullers Run?

B4. what management changes could be made to reduce nitrate from these sources?

B5. (CR residents only) What are your thoughts about actually making management
changes as a result of your participation in this project?

B6. When you hear “water quality” what do you think about?

137

B7. Thinking about water quality, how would you describe
Very Good Ok
good
1
2
3

Bad

Very Don’t
Bad know
5
6

4

Cullers Run
Lost River
Chesapeake Bay
B8. What is your level of concern for water quality in…
High
1

Medium
2

3

4

Low Don’t
know
5
6

Cullers Run
Lost River
Chesapeake Bay
C. SOCIODEMOGRAPHIC

C1. Are you a resident of Cullers Run watershed?

Yes _____ No _____

C2. How long have you lived:
in Hardy County?_____
at your current location?_____

C3. What is/how would you describe your work/occupation title? _________

C4. What is your highest level of education?
Some high school _____
High school graduate _____
Some technical training _____
Technical training graduate _____
Some college _____
College graduate _____
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C5. Are you currently
Married ___

Widowed ___

Separated ___ Single ___
Divorced ___

C6. How many children, if any, do you have? ________

C7. How many are currently living in your household? ____

C8. What is you age?
2030___

6165___

3140___ 6670___
4150___ 7180___
5155___ 8190___
5660___

C9. On average, does your family:
Save money ___
Just get by ___
Spend some savings ___
Spend savings and borrow money ___

C10. What is your total household income on average?
Under $4,999
$5,000  $9,999

$75,000  $99,999
$100,000  $149,999

$10,000  $24,999

$150,000  $199,999

$25,000  $49,999

$200,000 or more

$50,000  $74,999

C11. What percentage of this income would you estimate comes from farming?
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C12. What do you plan to do with the money earned from this project?
___ Haven’t thought about it
___ Put into savings
___ Use to cover household expenses
___ Use it for a special treat
___ Other

C13. Aside from farming, do you have other work?
No____
Yes___
IF YES:
About how many hours a week? _______
What are job titles?

D. OUTLOOK

D1. I'm going to ask how of often you do various things. For each activity, would you say
you do them every week or nearly every week; once or twice a month; only a few times a
year; or not at all?
Weekly/
almost
every
week
1
Spend time with family outside household
Spend time with friends
Spend time socially with colleagues from
work or your profession
Spend time with people at your church
Spend time socially with people at sports
clubs or voluntary service organization
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Once or
twice a
month

Few
times
a year

Not
at all

Don’t
know

2

3

4

5

D2. Do you belong to/help with any of the following organizations?
BELONG

Do not
belong
2

1
Social services for elderly, handicapped or deprived people
Religious or church organizations
Education, arts, music or cultural activities
Labor unions
Political parties or groups
Conservation, environment
Professional associations
Youth work (e.g. scouts, guides, youth clubs etc.)
Sports or recreation
Women's groups
OTHERS?

D3. How much do you trust the following groups or institutions to help agriculture in
dealing with water quality issues.
Trust
1

Some
what
3

2

4

Dis
trust
5

Don’t
know
6

University scientists
Environmental/watershed organizations
County extension agents
Soil & water conservation districts like the
Potomac Valley Conservation District
WV Department of Environmental Protection
WV Department of Agriculture
USDA NRCS/FSA
US EPA
D4. How important is it for you to be farming/a farmer?
Very imp.
1

2

Somewhat
3

D5. What, if anything, do you consider as a threat to your farming?
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4

Not imp.
5

D6. Please rate the importance of the following possible threats to farming in general.
Very
important
1

Medium
2

3

Not
important
5

4

unfavorable economics (“bottom line”)
water quality regulation
Federal government policies
land development
fewer people farming
environmental groups
OTHERS?
D8. How satisfied are you with the financial situation of your household?
Satisfied
1

Somewhat
2

3

Not
satisfied
5

4

D9. All things considered, how satisfied are you with your life as a whole?
Satisfied
1

Somewhat
2

3

Not
satisfied
5

4

D10. In regards to your farm operation, could you describe your plans for the future?

D11. Please rate the importance of the following considerations in your current decision
making:
Very
imp.
1

Somewhat
2

3

4

Not
imp.
5

pass my farm onto others in my family
build the value of my farm
increase the area I farm
decrease the area I farm
seek nonfarm work for additional income
sell my farm
OTHERS?
OTHER
D12.1 ___ Participant, D12.2 ___ Nonparticipant, D12.3 ___ Farms outside watershed.
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Appendix 2: Survey 2

Survey Two
June 2008
West Virginia University,
Division of Resource Management

Farmers as Producers of Clean Water:
Providing Economic Incentives
for Reducing Agricultural Nonpoint
Pollution

Survey Number _____________
Tape number________________
Tape position ______________

NONSURVEYED

Introductory Information:
· This is a research study about a new way to improve stream water quality
and the wellbeing of people who farm.
· Your opinions and participation will help us develop a new method of
addressing water quality concerns that is good for both streams and the
people like yourself living near to them.
· This work will also provide the basis for publication in scientific journals
and at least one doctoral dissertation.
· You are invited because records show that you own or rent land in or near
the Cullers Run Watershed of Hardy County.
· This survey should take about 30 minutes to complete.
· All information gathered in this survey will be kept confidential. The
information that you provide will remain confidential and will not be shared
with any business or other institution.
· You do not have to answer every question and your participation in this
survey is completely voluntary. The only data released to the public will be
in a form where individual responses can not be identified.
· If you have any questions regarding this survey, please contact Alan Collins
at 3042934832 x4473 (alan.collins@mail.wvu.edu).
1 STATUS
1.1

___ Participant

1.2

___ Nonparticipant
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2 ON FARMING
2.1

What have been the biggest changes to farming since the project started last year in April?

2.2

What have been the biggest changes that might effect water quality since the project
started last year in April?

2.3

Looking at the land you own or manage in the Cullers Run Watershed, for each tract:
Tract
number
1
2
3
4
5
6
7
8

tax map
number

Type of Ag.
land

acreage in
agriculture

Own/Rent
O/R

Stream
Y/N

2.4

Do you operate any poultry houses on these tracts of land?
_____ No
_____ Yes
IF YES, how many? ____

2.5

Do you manage livestock on these tracts of land?
_____ No
_____ Yes
IF YES, what kind ____________________________________ and
how many? ________________________

2.6

Spring
Y/N

Have you ever participated in either NRCS/FSA or WV Potomac Valley Conservation
District programs?
No _____
If “No” have you ever considered participating in / or were you asked to
participate in a Federal or State costshare program?
_____ No
_____ Yes please describe why you did not eventually participate
Yes _____
If “yes” for each starting with most recent:
Program _________________________
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Year _____

Actions taken _____
Continuing? Yes___ No ___, Description of improvements:
3 SOCIODEMOGRAPHIC
3.1

What have been the biggest changes to your household over the past year?

3.2

What is your total household income in 2007?
Under $4,999
$75,000  $99,999
$5,000  $9,999
$100,000  $149,999
$10,000  $24,999
$150,000  $199,999
$25,000  $49,999
$200,000 or more
$50,000  $74,999

3.3

Is this up/down/same as 2006?

3.4

What percentage of this income would you estimate came from farming?

3.5

Is this up/down/same as 2006?

3.6

Aside from farming, do you have other work?
No____
Yes___
IF YES:
About how many hours a week? _______
What are job titles?

3.7

Do you recall how much you earned from this project in the first year? _______

3.8

What have you done with the money earned from this project?
___ Can't remember
___ Use it for a special treat
___ Put into savings
___ Other
___ Use to cover household expenses

3.9

Are you a resident of Cullers Run watershed? Yes _____ No _____

3.10 How long have you lived:
in Hardy County?_____
at your current location?_____
3.11 What is/how would you describe your work/occupation title? _________
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3.12 What is your highest level of education?
Some high school _____
High school graduate _____
Some technical training _____
Technical training graduate _____
Some college _____
College graduate _____
3.13 Are you currently
Married ___ Widowed ___
Separated ___ Single ___
Divorced ___
3.14 How many children, if any, do you have? ________
3.15 How many are currently living in your household? ____
3.16 What is you age?
2030___ 6165___
3140___ 6670___
4150___ 7180___
5155___ 8190___
5660___
3.17 On average, does your family:
Save money ___
Just get by ___
Spend some savings ___
Spend savings and borrow money ___
4 OUTLOOK
4.1

4.2

How important is it for you to be a farmer?
Very imp.
1

4

How satisfied are you with the financial situation of your household?
Satisfied
Somewhat
1

4.3

2

Somewhat
3

2

3

4

Not
satisfied
5

4

Not
satisfied
5

All things considered, how satisfied are you with your life as a whole?
Satisfied
Somewhat
1
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2

3

Not imp.
5

4.4

Please rate the importance of the following considerations in your current decision
making:
Very
Somewhat
Not
imp.
imp.
1
2
3
4
5
pass my farm onto others in my family
build the value of my farm
increase the area I farm
decrease the area I farm
seek nonfarm work for additional income
sell my farm
5 ON PROJECT AND WATER QUALITY
5.1 Thinking about water quality, how would you describe
Very Good Ok
good
1
2
3
Cullers Run
Lost River
Chesapeake Bay
What is your level of concern for water quality in…
High
Medium
1
2
3
Cullers Run
Lost River
Chesapeake Bay

Bad
4

Very Don’t
Bad know
5
6

5.2

4

Low
5

Don’t know
6

5.3

Do you agree or disagree with the following statements about this project?
Strongly
No
Agree
Opinion
1
2
3
4
The project offers an additional income source
for your farming.
The project addresses a water quality problem in
Cullers Run.
The attitudes of my neighbors, friends or family
towards this project are important in my decision
to CONTINUE / DISCONTINUE participation.
The project seems to be low in financial risk.
The project might offer an alternative to water
quality regulation in agriculture.
I judge the project staff to be trustworthy.
Participation in the project is easy.
B1. Tell me why you decided to (not) participate in this project?
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Strongly
disagree
5

6 Property right endowment: This project pays farmers based on the water quantity and quality from Cullers Run. There are no
monetary penalties like fines when water quality is poor, only smaller payments

6.2
6.3
6.4
6.5

Participating in this project has made me feel responsible for water
quality in Cullers Run.
Participating in this project has made me feel "better off" overall.
Paying farmers based on water quality and quantity is good way to
address the water quality problems.
I have changed my farming practices in order to increase the
payments.
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Agree

Sometimes
/somewhat
agree

No opinion

Usually
disagree

Disagree

Strongly
disagree

In general, what are your thoughts about this approach?

Strongly
agree

6.1

1

2

3

4

5

6

7

7 Group approach: There are two ways to offer payments for water quality. One way is to pay farmers individually, based on
each farmer's likely impact on water quality. Another way is to pay farmers as a group and have them be responsible for dividing
up the payments. This project is based on group payments.

7.3
7.4

7.5
7.6
7.7

149

No opinion

Usually
disagree

Disagree

Strongly
disagree

Outside project meetings, I have talked about this project with
friends and family.
Paying farmers for water quality as a group is better than paying
them individually.
In this project, the group decided that early participants receive a
$50 signup bonus and now payments are distributed to everyone
when 10% of the monthly payments will allow $25 checks. The rest
is put into an account for costsharing or later distribution. I am
satisfied with this decision.
With group payments, participants will "keep an eye on" each others
farming practices.
My farming practices have a negative impact on the payment to the
entire group.
This project makes me worry about what others might say
concerning the impact of my farming on water quality.

Sometimes
/somewhat
agree

7.2

Agree

In general, what are your thoughts about the project paying the group rather than individual farmers?

Strongly
agree

7.1

1

2

3

4

5

6

7

8 Use of farmer knowledge: Unlike programs such as CRP and EQUIP, this project does not require any specific BMPs.
Instead farmers decide what to do, if anything, to improve water quality. This is a more flexible approach to improving water
quality, but it may involve farmers designing and implementing their own BMPs. [FOR THOSE NOT AT COSTSHARING
MEETING: As you probably know, at the costsharing meeting in May participants decided to use group funds to support nitrate
reductions by two farmers.]

1
2
3
4
5
6
Because of this project, I have discussed with others or thought
about ways to decrease my farm's impact on water quality.
8.3 I have used information from the water quality sampling done by
Neil to alter my farming practices.
8.4 I think that the costshare dollars given at the May meeting will pay
off in the longrun by generating higher group payments.
8.5 I can control nitrate runoff from my farm, cost issues aside.
8.6 On my farm I can figure out how to reduce nitrates more cheaply
than by following NRCS BMP standards.
8.7 I could reduce nitrates from my farm by at least 25% if necessary by
changing the way I farm.
8.8 I know the sources of nitrate on my farm.
8.9 I have learned a lot about sources of nitrate in the watershed from
the project.
8.10 I know more now about how to control nitrate runoff from my farm
than I did before the project.
9 Cost sharing versus share adjustment: There are many ways to distribute group payments for water quality. We are
interested in finding out if you like the way that payments are currently distributed, and why the group decided to take the
approach you did [Equal shares of 10 percent of the monthly payments].
8.2
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Strongly
disagree

Disagree

Usually
disagree

No opinion

Sometimes
/somewhat
agree

Agree

In general, what are your thoughts about letting farmers put their own water quality BMPs in place?

Strongly
agree

8.1

7

9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10
9.11
9.12
9.13
9.14

I think that farmers who contribute more nitrates to Cullers Run
should receive a smaller share of the payments.
Smaller payments to farmers who contribute more nitrate to Cullers
Run would cause these farmers to change their farming practices.
If I knew more about where nitrates were coming from, then
adjusting payment shares would be acceptable.
Costsharing from the group account will reduce nitrates in Cullers
Run.
I would seek costshare support if I thought that I could afford it.
I would seek costshare support if I thought that it would take care
of a nitrate problem on my land.
I understand how the monthly payments are calculated.
I understand how water quality is accounted for in the monthly
payments.
The payments are calculated in a sensible way.
I would be worried about the attention I would get if I asked for
costshare support.
I would like to ask for costshare support but have not had the time.
I would like to ask for costshare support but I do not know how
effective it would be in reducing nitrates in the stream.
How would you decide on costshare support?
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Agree

Sometimes
/somewhat
agree

No opinion

Usually
disagree

Disagree

Strongly
disagree

In general, what are your thoughts about this approach?
Strongly
agree

9.1

1

2

3

4

5

6

7

Strongly
agree

Agree

Sometimes
/somewhat
agree

No opinion

Usually
disagree

Disagree

Strongly
disagree

10 Risk, income, and nonmonetary: This project involves two decision steps. Step one is whether to participate or not
participate. Step two is deciding whether to take action to reduce nitrates and improve stream quality. We are interested in
understanding what you think about when considering each of these decisions.

1

2

3

4

5

6

7

10.1 My net income will increase as a result of participating in this
project.
10.2 Receiving payments convinced me to participate in this project for a
second year.
10.3 I estimated how much I thought I would earn from this project
before deciding to participate.
10.4 Before changing my farming I would need to know that it will be
costeffective for my farm.
10.5 If I used 25% less nitratecontaining fertilizer/litter it would
decrease my income by more than 25%.
10.6 It is impossible for me to know how decreasing my use of nitrate
containing fertilizer by 25% would affect my income.
10.7 I have made minor changes in the way I farm as a result of this
project.
10.8 Based on information gained from this project, I am considering
changing my farming practices to improve water quality.
10.9 I think I am having a negative impact on water quality.
10.10 I would have participated in this project even if there were no
payments because it is the right thing to do.
10.11 I am concerned that my neighbors, family or friends do not want me
to participate in this project.
10.12 I am concerned that my neighbors, family or friends might frown on
my changing my farming practices as a result of this project.
11 Overall institutional framework/agreement: Finally, we would like to know what you would recommend to make this
project more effective.
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11.1 We would like to know if this is how you perceive the project.

11.2 If you have made any changes in the way you manage your land as a result of this project, please describe.

11.3 Have you considered/are you considering any changes to the way you manage your land as a result of this project? If so, please
describe.

11.4 Tell me why you decided to (continue/discontinue) participation in this project.

11.5 Under what circumstances would you be open to changing the way you manage your land based on this project?

11.6 How have your perceptions of the project changed over the past year? If so, please describe.

What one thing would you change about this project to:
11.7 have a more positive impact on farmers,
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11.8 have a more positive impact on water quality in Cullers Run?

How would you change this project to:
11.9 increase the amount of farmers participating

11.10 to increase the number of farmers reducing nitrate pollution

11.11 Is the information in the monthly payment statements and letters useful?
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Appendix 3: GAMS Models

$Ontext
WINTER rainfall
0.13
0.25
0.275
$Offtext
scalars

set

ACWS
FRSTPO

watershed acres
prop farm in forest

/7360/
/.832/

QW

precipitation in feet

/.13/

WPM

water price per acreft

/5.9/

LIMIT
ECOEF
XCOEF
AVEQW
OPTLD

allowable landuse shift
win rainpoll coef on e
win rainpoll coef on x
rainpoll ave QW
optimal lbs per acft

/.02/
/.6847/
/.3188/
/.2583/
/0.02722/;

j criteria /pollperacre, evapotrans, propor, netrev/
i landuses /cropswo, cropsw, pasturewo, pasturew, forestwo/;

table a(j,i) factor matrix

pollperacre
evapotrans
netrev

cropswo
6.02
1
9.5

cropsw pasturewo pasturew
1.505
.1723
.04307
1
1
1
8.2
1.95
1.855

forestwo
0
1
0;

variable
N
r
s
u
v
positive variable
propor(i)
allowshift
w
o
r

Net Revenue
TEST
test2
test3
test4;

Proportion in land use i
Constraint on land use shift
Revenue from water
Revenue from other ag production
Rainpollutant response ratio;

propor.l('cropswo')=.0061;
propor.l('cropsw')=.00;
propor.l('pasturewo')=.1619;
propor.l('pasturew')=.00;
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equations
objfun
landlimit

Objective function
Land is neither created nor destroyed (at least

bound
lshift11
lshift12
lshift21
lshift22
wrevlim1

Limit of land use shift
Cropland can increase this much
Cropland can decrease this much
Pasture can increase this much
Pasture can decrease this much
Revenue from water can't be negative

here)

waterrev
Revenue from water
otherrev
Revenue from other ag production
Objfun
Revenue from water and other ag production
TEST
WHAT THE HECK
test2
what the heck
test3
waterrev2 test
test4
poll load test;
bound..
allowshift =e=
(propor.l('cropswo')+propor.l('pasturewo'))*LIMIT;
landlimit.. sum(i,propor(i))=e=1;
lshift11..
propor('cropswo') + propor('cropsw') =l=
propor.l('cropswo') + propor.l('cropsw') +allowshift;
lshift12..
propor('cropswo') + propor('cropsw') =g=
propor.l('cropswo') + propor.l('cropsw') allowshift;
lshift21..
propor('pasturewo')+ propor('pasturew')=l=
propor.l('pasturewo')+ propor.l('pasturew')+allowshift;
lshift22..
propor('pasturewo')+ propor('pasturew')=g=
propor.l('pasturewo')+ propor.l('pasturew')allowshift;
wrevlim1..

w =g= 0;

waterrev..

w =e= ((8.778*(QW*ACWS)**0.6635)

*(OPTLD/((Sum(i,a('pollperacre',i)*((ECOEF*exp(XCOEF*QW))/((ECOEF*exp(X
COEF*AVEQW))))*propor(i)*ACWS)/(8.778*(QW*ACWS)**0.6635)))))*WPM;
TEST..
R =E=
(OPTLD/(Sum(i,a('pollperacre',i)*((ECOEF*exp(XCOEF*QW))/((ECOEF*exp(XCO
EF*AVEQW))))*propor(i)*ACWS)/(8.778*(QW*ACWS)**0.6635)));
test2..
s =e= (ECOEF**(XCOEF*QW))/(ECOEF**(XCOEF*AVEQW));
test3..
u =e= ((8.778*(QW*ACWS)**0.6635))*WPM;
test4..
v =e=
Sum(i,a('pollperacre',i)*((ECOEF*exp(XCOEF*QW))/((ECOEF*exp(XCOEF*AVEQW
))))*propor(i)*ACWS);
otherrev..
objfun..

o =e= sum(i,a('netrev',i)*propor(i)*ACWS);
N =e= w+o ;

model
Sellwater /all/;
solve
Sellwater maximizing N using nlp;
DISPLAY R.L
DISPLAY s.L
display N.L;
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Appendix 4: Intensive Sampling Data Sheet
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Cullers Run Project Special Samples 4/30/07
NitrateN Load

Concentr
Area (sq mi)

ation

Watershed

NitrateN

Regular Sites

Site Description

Code

Section

lbs/day/

lbs/day/

Map #

Watershed

Section

(mg/L)

lbs/day

sq.mi.

lbs/day

sq.mi.

Whetzel Hollow in CuR

WHBot

M5

5.12

5.12

0.6

6.874

1.343

6.874

1.343

Shipes Run in CuR

SRBot

M4

2.82

2.82

0.54

3.411

1.209

3.411

1.209

Whetzel + Shipes

WH+SR

7.94

7.94

10.285

1.295

10.285

1.295

Cullers Run at Dove Bridge

CuRDove

M3

10.67

2.73

0.47

11.229

1.052

0.944

0.345

CuRkm0.4  CULLERS RUN

CuR259

M2

11.66

0.99

1.39

36.282

3.112

25.053

25.370

LRMathias

M1

22.80

11.14

2.64

134.754

5.910

98.472

8.839

WHLHKGTrib

8

0.28

0.28

0.79

0.489

1.769

0.489

1.769

WHLHKG

7

1.55

1.55

0.59

2.051

1.321

2.051

1.321

Stream

WHLHBS

6

0.32

0.32

0.86

0.620

1.925

0.620

1.925

Lost Hollow Sites Cumulative

LostHolTot

2.15

2.15

3.160

1.469

3.160

1.469

1.59

1.59

2.243

1.410

2.243

1.410

3.74

3.74

5.404

1.444

5.404

1.444

LOST RIVER ABOVE
UPPER COVE RUN

WhetHol Lost HollowTrib at
KM Gate
WhetHol Lost HollowKM

Hollow

Shipes

Whetzel Hollow

Gate
WhetHol Lost HollowBarn

WhetHol Hidden Hollow Jess
Landes Rd

WHHHJLR

4

0.63

Above sites cumulative

above cumulative

WhetHol at Ford

WHHHFrd

2

4.86

1.12

0.58

6.316

1.298

0.912

0.813

Whetzel Hollow in CuR

WHBot

1

5.12

0.25

0.60

6.874

1.343

0.558

2.204

houses near spring

SRTop

10

0.19

0.19

0.21

0.090

0.470

0.090

0.470

ShipesRun below Poultry

SRBlwPH

9

0.89

0.70

0.96

1.907

2.149

1.818

2.608

ShipesRun above poultry
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houses and fields
ShipesRun trib near Poultry
Houses

SRTrib#3

8

0.17

0.17

0.16

0.062

0.358

0.062

0.358

ShipesRunSpringFedTrib

SRTrib#2

7

0.08

0.08

0.47

0.082

1.052

0.082

1.052

ShipesRun Midway

SR Mid

6

1.59

0.45

0.68

2.419

1.522

0.368

0.815

ShipesRun Ernies trib

SRTrib#1

5

0.16

0.16

1.30

0.477

2.910

0.477

2.910

SRGSHSprng

4

0.08

0.08

0.01

0.002

0.022

0.002

0.022

SRGSHStream

3

0.27

0.27

0.22

0.131

0.493

0.131

0.493

STrm at road

SRGSHRoad

2

0.39

0.04

0.21

0.182

0.470

0.050

1.134

Shipes Run in CuR

SRBot

1

2.82

0.68

0.54

3.411

1.209

0.333

0.488

Small trib of Cullers midway

CuRTrib

M2a

0.77

0.77

ShipesRun GreenSpringHol
Spring
ShipesRun GreenSpringHol
Stream above Spring
ShipesRun GreenSpringHol
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0.14

0.241

0.313

0.241

0.313
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Appendix 5: Project Agreement
AGREEMENT FOR THE CULLERS RUN RESEARCH PROJECT
Parties
Dr. Alan Collins, Project Principle Investigator
Agricultural and Resource Economics Program
P.O. Box 6108
West Virginia University
Morgantown, WV 26506
Phone: (304) 2934832 x4473
Email: alan.collins@mail.wvu.edu
Neil Gillies, Project CoPrinciple Investigator
Cacapon Institute
Route 1, Box 326
High View, WV 26808
Phone: (304) 8561385
Email: ngillies@cacaponinstitute.org
_____________________________Participant
_____________________________ Address
_____________________________
_____________________________ Phone number
_____________________________ Tax identification number

Purpose
The purpose of this agreement is to establish a working relationship between project
investigators and the participant in regard to research grant USDA/CSREES # 200635102
17261 entitled, “Farmers as Producers of Clean Water: Providing Economic Incentives for
Reducing Agricultural Nonpoint Pollution”. All conditions for the agreement parties are listed
in Attachment A attached hereto and incorporated as part of this agreement.
Assumptions
This agreement is being undertaken under the assumption that farmer owner/operators will
respond to economic incentives for water quality management.
The participant is assumed to be able to establish a working relationship with other
participants in order to fulfill participant conditions of this agreement.
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This agreement and the agreement conditions constitute the entire agreement between project
investigators and the participant.
The agreement conditions in Attachment A are nonseverable.
Warranties
Agreement conditions #12 thru #22 imply a warranty on the part of project investigators. A
warranty is an assurance by the project investigators to the participant that the conditions are
true and will happen. The participant is permitted to rely on this assurance and seek some
type of remedy if it is not true or followed.
Disclaimers
Should grant funding provided by USDA/CSREES # 20063510217261 be withdrawn for
whatever reason then this agreement is null and void. The grant funds are currently at West
Virginia University, and therefore, unlikely to be withdrawn.
Limitations on liability
Should a participant agree to allow project investigators access to Cullers Run from property
owned or rented by the participant, the project investigators agree to do their work under the
agreement conditions at no cost to the participant, to protect information about any sampling
or monitoring location from the general public without the express written permission of the
participant, and to repair any damage that might be caused by the project investigator's
activities. The project investigators hold the participant harmless for any injuries that might
occur as a result of this project. The project investigators agree to remove all monitoring
equipment on private property at the end of the project period.
If the participant agrees to allow project investigators private property access to Cullers Run
the participant will allow access as needed to conduct activities described in the monitoring,
sampling, and testing plan during the period of the agreement.
Confidentiality
All data or information gathered from surveys conducted by the project investigators will be
kept confidential. Only data in an aggregate form and/or summary statistics will be released
to the public.
With the exception of Cacapon Institute’s long term sampling sites in Cullers Run near Route
259 and in the Lost River at Mathias, the actual water quality and quantity data collected
under this project will be released by project investigators only in cases where a request has
been filed under the Freedom of Information Act. Such a request must be complied with
because project funding is from the federal government.
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Indemnification
The project will not seek compensation from the participant for water quantity and quality
sampling equipment that is lost, stolen, damaged, or destroyed by either vandalism or natural
conditions, such as high rainfall events.
Computation of monthly payment as described in conditions #14 through #19 may be altered
if environmental conditions or damage to sampling or monitoring equipment result in
collection of data that do not reflect actual water quality and quantity conditions in Cullers
and Waites Runs. In this event, project investigators will inform “The Group” of a
reasonable alternative approach to monthly payment computation.

Signatures
___________________
Dr. Alan Collins

______________________

______________________

Mr. Neil Gillies

___________________

______________________

______________________

___________________

______________________

______________________

___________________

______________________

______________________

Notarization
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Attachment A
Agreement Conditions
For Participating Farm Owners or Operators:
1. To participate in this project, a person must own or operate agricultural land in the Cullers
Run watershed. Watershed boundaries are defined by the project investigators based solely on
topography. Project investigators will be responsible for determining if a potential participant
qualifies for participation in the project.
2. Participation in this project is voluntary and is initiated by signing this agreement. Eligible
farm owners or operators can sign up to participate at anytime during the project between April
2007 and March 2008. Those signers entering this agreement before April 1, 2007 will be
referred to as “the Initial Participants.” Eligible farm owners or operators signing up after April
1, 2007 are subject to watershed payment allocation rules as determined by the Initial
Participants.
3. A participant who has signed the agreement can chose to leave the project at any time with no
penalty or further obligation. Participants who decide to cease participation must do so in
writing to the project investigators. The final monthly disbursement owned to a participant who
leaves the project will be prorated based on the length of participation in the final month.
4. The participant will provide their name, address, phone number, and tax identification number
to project investigators when signing the agreement.
5. All participants in the project will be known formally as “The Group”.
6. If the participant is not the legal owner but operators agricultural land in the Cullers Run
watershed, by signing this agreement, the participant acknowledges that participation in this
agreement does not conflict with any written or oral lease and/or use agreement on this
agricultural land.
7. Under this project, payments will be made monthly to “The Group”. The size of the monthly
payments will be computed by project investigators based on #14 through #20 below. The initial
participants will determine how these monthly payments are allocated among the participants.
At minimum, each participant will work with “The Group” to determine allocation rules. The
resulting allocation rules will be presented to the project investigators, who will use these rules to
distribute the monthly payments and be responsible for disbursements. Only participants will be
eligible for disbursements of these monthly payments. Any changes of these rules will be
communicated to project investigators in writing.
8. Year one of the project will begin on April 1, 2007 (with the first payment during May 2007)
and end on April 30, 2008.
9. A participant can be currently enrolled in state or federal costshare programs. No individual
or farm operation will be excluded from this project based on enrollment in government cost
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share programs. Project investigators make no representations as to how participation in this
project may influence eligibility for government costshare programs.
10. The participant agrees to participate in survey interviews with project investigators to
discuss participation choices at least three times during the project duration. Responses to
survey questions will not influence monthly payments or allocations. These interviews will be
conducted at the discretion of the investigators.
11. Please note the following as guidance rather than requirements:
·
·
·
·

A participant is able to select best management practices (BMPs) or other management
changes that may impact water quality.
Signing this agreement does not obligate the participant to undertake any BMPs.
Participants are not required to implement any BMPs.
“The Group” should consider how to reallocate monthly payments when eligible farm
owners or operators cease or start up participation.

For Project Investigators: Alan Collins from West Virginia University (WVU) and Neil
Gillies from Cacapon Institute (CI):
12. Participation in this project by project investigators is not voluntary. There are no provisions
that permit withdrawal of project funds.
13. Project investigators will provide “The Group” with an up to date list of participants as
changes occur.
14. Project investigators will calculate the amount of each monthly payment to “The Group” and
distribute this payment among participants based on written allocation rules provided by “The
Group”. Payments will be distributed by check from the Cacapon Institute. The amount of the
payment will be computed by project investigators based on the payment formula below.
Payment Formula:
price
æ
ö
Monthly Payment = (volume of water ) ´ ç
÷ ´ (quality adjustment factor )
è unit volume ø

15. Water volume will be expressed in acre feet (1 acre foot of water is equal to 325,851
gallons). Prices are shown below in Table 1.
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Table 1. Water Price Summary
Water Prices
May through September
Cullers Run Stream
Dollars per Acre
Discharge
Foot
(acft)
Up to 320
18
321800
8
Over than 800
5

October through April
Cullers Run Stream
Dollars per Acre
Discharge
Foot
(acft)
Up to 740
8
Over 740

5

16. Disbursements to “The Group” will be capped at $30,000 during this agreement (year one of
the project).
17. In determining a monthly water quality adjustment factor, project investigators will use
water quality and quantity data from Cullers Run and Waites Run to compute monthly loads of
nitrateN (in pounds). Waites Run represents a natural (background) level of nitrateN. Each
monthly payment will be computed by project investigators based on monitoring data from
Cullers Run and Waites Run in the previous month.
18. The quality adjustment factor is the ratio of nitrateN load (pounds per month) in Waites
Run divided by nitrateN load (pounds per month) in Cullers Run.
19. Project investigators will setup a water quality and quantity sampling, monitoring, and
testing plan. Project investigators will inform participants before April 1, 2007 of this plan.
Participants will be allowed to observe any sampling, monitoring, and testing being conducted
under this plan. All sampling, monitoring, and testing will be conducted by project investigators.
Only data derived from this plan will be used to compute monthly payments made available to
“The Group”. “The Group” will be informed of any exceptions as discussed under the
indemnification clause on page 3.
20. Project investigators will provide financial support for workshops or technical experts to
assist in determining the costs and water quality/quantity consequences from agricultural BMPs
and other land use management changes that participants can implement. Forecasts of the
potential impacts of these changes on monthly payments will be provided to participants.
21. No projectincurred costs, fees or other expenses will be deducted from the monthly
payments.
22. Project investigators will provide a facilitator to support decisionmaking by “The Group” at
least through May 31, 2007.
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Appendix 6: Sample Payment Statement
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2008 Payment Statement: May
PAYMENT: $790.14
PAYMENT CALCULATION*

(2341 acft)x($5 / acft)x(31.17 lbs. nN W.R.)/(461.7 lbs. nN C.R.)
ACCOUNT STATUS
Balance last Month
Plus Monthly Payment
Minus Payments Out
Current Balance

$5,750.80
$790.14
$2,462.96
$4,077.98

PAYMENT ANALYSIS
Payment with 1 lb/day less nN
Payment with 25% less nN
Payment with 25% more nN

$793.58
$1,030.34
$640.76

PAYOUT SUMMARY
Month of:
May
Farmer 1
Farmer 2
Farmer 3
Farmer 4
Farmer 5
Farmer 6
Farmer 7
Farmer 8
Farmer 9
Farmer 10
Farmer 11
Farmer 12
Farmer 13
Farmer 14
Total Payments Out

Amount
$29.82
$29.82
$29.82
$29.82
$807.30
$29.82
$29.82
$29.82
$29.82
$29.82
$29.82
$1,297.82
$29.82
$29.82
$2,462.96

Note
Periodic payment
Periodic payment
Periodic payment
Periodic payment
Periodic payment and cost share
Periodic payment
Periodic payment
Periodic payment
Periodic payment
Periodic payment
Periodic payment
Periodic payment and cost share
Periodic payment
Periodic payment

*acft is based on measurements usually taken every 15 minutes for the entire month. The
adjustment factor shows the pounds of nitrateN on the days Cullers Run and Waites Run were
sampled, usually once in the middle of the month and once at the end of the month.
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