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Farmers as Producers of Clean Water: A Field Experiment

Peter Maille and Alan Collins

1 Introduction

Will there be enough clean water? That is a question that bedevils societies everywhere. In
developing countries, both point and nonpaiources of pollution represent important threats to
water quality (Duda, 1993; Tonderski, 1996). Conversely, in developed countries like the US,
point sources have been sufficiently regulated such that significant progress has been made in
dealing withthis source of water pollution (Hetlingt al. 2003; Murchison 2005). Nonpoint
source pollution (NPSP) related to agriculture is now considered one of the largest remaining
water quality problems in the US (Se&S EPA 1998 Ribaudoet al. 2001; Ribaudo 2003
Peterson and Boisvert 200Roeet al. 2004 Millock and Salanie 2005 According to the US

EPA (1998), agriculture impacts 48% of impaired rivers and 41% of impaired lakes. These water
guality problems have persisted despite billions of dollars spent on voluntary conservation cost
share programs by the federal governnemer the last two decaded$ GAO 1992 US GAO

2005)

To stimulate additional water quality conservation, regulation and ambient tax/subsidy schemes
have been proposed as alternatives to voluntarystaste programs (Segerson 1988). This
chapter describes anmrimental alternative to regulations or taxes. This experiment examines
whether farmers can be induced to esféectively abate NPSP when presented with economic
incentives that are welfarenhancing. The objective of the experiment is to reconfiguterwa
guality into a commodity that farmers can choose to produce, thereby converting conservation
from a threat into an opportunity. The experiment includes development of an institutional
framework and payment formula that rewards a group of farmers loasége quantity and
guality of water flowing from their watershed. The experimental watershed is located in a rural
area of the Appalachian Mountains of West Virginia in the US.

The remainder of this chapter is organized as follows. There are two p&estion 2: (1)

contains a literature review of ambidrdsed and group approaches to NPSP control; and (2)
presents our behavioral model of farmer responses to economic incentives for NPSP abatement.
In Section 3, we describe the development of our #aloeriment by summarizing water prices

and estimated payments in the absence of market prices and measured stream flow data. Section
4 presents experimental data collectedate and utilizes the behavioral model to explain farmer
participation. Sectiorb is a discussion of preliminary conclusions and implications for future
research.



2 The State of the Art in Modeling AmbientBased Instruments to NPSP Control
2.1 Literature Review

NPSP abatement remains a problem due to an imposing set @ngesll AsSegerson (1988)
explains, the effect of abatement on nonpoint source emissions is stochastic and only combined
emissions of multiple farms are readily observable. She argues that these challenges make
monitoring of indivdual emissions much too costly. As a result, mechanisms based on
observable inputs have been traditionally used to combat NPSP. These include subsidies on
conservation inputs like riparian buffer zones, or taxes on polluting inputs like fertilizer. In
cortrast to these inpttased approachesSegerson (1988)develops an ambietiiased
mechanism that uses taxes and subsidies to address these challenges.

BuildngonSeger sondés wor k, researchers ha-basedcont i
approaches to NPSP abatemeétbran et al. (1998) consider cases where firms have mudipl
options for changing their nonpoint source emissidossleret al. (2002)conduct experiments

that indicate the mechanisms presented in Segerson (1988) cae fiadoners to reach the
ambient target but cannot assure individual compliaBpeaggon (2002¢xamines the ability of

an ambienbased instrument to address the group moral hazard problem without costly
monitoring.Spraggon (2004elaxesthe assumption of homogenous agents and finds that, in an
experimental setting, contracts can induce the correct level of abatement but inefficiencies and
inequities occurSegerson and Wu (2006)esent a model that combines a voluntary approach
with the threat of an ambiebesed tax. Their results indicate that when this combination is
applied to a heterogeneous group of farmers it may inducemioshizing abatement without

the need for farmspecific information (see als®uteret al.2006)

A related body of literae has emerged that uses ambleded instruments in a voluntary

setting where farmers cooperate or work in groups to address problems of asymmetrical
information. Pushkarskaya and Randall (20@®velop a contract that addresses the contention

that regulad r s know | ess than far mer slisiednd 8ahngenhe f a
(2003)argue that the information problem leads to a moral hazard problem, and they investigate
contracting mechanisms that bring joint liability to bd@omstad (2003argues that farmers are

|l i kely to have knowledge of each otherds farn
control can use this knowledge to, fexample, allow farmers to shift the abatement burden

among themselvesPeterson and Boisvert (2004)iscuss the implications of information
asymmetries between a regulator and farmers related to farmer risk preferences, technology
types, and input use. They fintiat a regulator needs to account for the diversity in risk
preferences to induce farmers to participate.

Poeet al. (2004)andVossleret al.(2006)e xt end Seger sonds wor k with
polluters to cooperate through costless, nonbinding discussion prior to making commitments.
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 resultsSohngen and Tayld2005)conclude that farmers may not be willing to take on a



monitoring role with respect to their neighbdwillock and Salanie (2005)efine cooperation in

the context of NPSP abatement as 6éthe abil it
j oi nt pr of i tog &nbappiohch yhat aderessds the contention that the level of
cooperation within a group is hard for a regulator to obsdhamsen and Romstad (2007)

describe a mechanism that is robust to unobserved cooperation, and also approximates the
corred incentives for firm entry and exit.

2.2 A Behavioral Model

We investigate a version of ambidrdased group approaches to NPSP abatement designed to be
welfare enhancing to farmers. Our approach is closely aligned with voluntary contracts between
a pont source of pollution and a group of farmdssk(and Sohngen 2003:aylor et al. 2004)
However, in our casdarmers are responding to a constructed market. We recognize that this
confers to participating farmers an implicit limited propetght to discharge pollution. This is
something thatWeersinket al. (1998) cite as a potential way to increase the provision of
environmental amenities from agriculture. Thus, in contrast to Segerson (1988), our approach
replaces a tax/subsidy system with payments that are an increasing function of improved water
guality. We see this as a practical way to address the concerns-afeise farmers since there

are positive payments even in the face of poor water quality. In addgresfzet al. (2005)
argue that perceived fairness may be an i mpor
in a water quality program. We think that this endowment of property rights increases the
likelihood that our program willbbe considered fair by farmers. Finally, if water quality
conservation can be made welf@mhancing to farmers, an expanded set of NPSP abatement
actions potentially can be brought to bear because the goals of society and the goals of farmers
are alignedRibaudoet al.1999)

Some agricultural innovations are minor in scope, for example, changing from high tension
pasture fencing to single strand electrified fencing. Innovations like this can be evaluated with
simplecosbenef it anal ysis fr om adediseomsmamout hrsovaforsr S p e C
that introduce a higher level of uncertainty need to be analyzed differently. For example,
Ethridgeet al. (1975)use a model of expected disequilibrium cost in their analysis of optimal

seed acreage olte (see alsdAntle 1983. In the presence of uncertainty, authors have
employed models of expected utility to explain farrdecision makingFeather and Amacher

1994 Havlik et al.2005) In a similar veinBreetzet al. (2005) looking at participation in water

quality trading programs, cite the importance farmers place on equity and the possibility of
negative publicity. They assert that simple profit maximization models do not capture these
elementsAl so, | i festyle goal s ent elnetianl®7d; Yaungf ar me r
and Shumway 1991; Tanakéaal, 2005; Breetet al. 2005)

Considering that NPSP abatement may require new technologies, introduce substantial
uncertainty, and impinge on existing cultural norms, we developed the model in equation (1)
assuming that landowners maximize the expectedyutibin net income each year.

L\AaKxEusz(x&g' K)12) f(X K K) Ay
(1)
st K=K, + K,



wherey is annual net farm income and is treated as a random varable, vector of socio
demographic variablesK,g represent a bundle of inputs dedicated to current agricultural
production,and K, is the bundle of inputs devoted to water quality improvements.

Equation (1) indicates that farmers maximize the expected utility of annual net income by
allocating variable inputs, where net income is a random variable acted on by-daterenined

levels of these inputs. We further assume that this utility function is concave with respect to
income. The intuition behind this model is that a farmer optimally invests a given set of variable
inputs like labor, fertilizer, and seed, in a way that of&® the relationship between utility
from expected net income and risk. This logic follows the exampldanokt al. (1974) who
present an expected income versus variance of incor\d (Eontier (see alsdBuccola and
French 1977Just and Pope 20p3Each point on this & frontier represents a production plan
with the minimum variance for a givdne v e | of expected i ncome.
production plan of inputs and outputs that results in their highest expected utility curve being
tangent to the & frontier. This framework is presented in Figure 1 and is discussed further in
section 4.2. This implies that farmers actively manage risk in their production decisions (see also
Leathers and Smale 1998nd that a change Kallocated to a given activity will entail changes

to both expected income and variance of income.

Equations (2)4) present the agrangian and firstrder conditions for determining optimal
allocations oK,g and K.

L= [U(Y(Kyg K 12) F(H Ky, KD+ A(K= K= K d(y) 2)

. of oy B
_‘JKayaK J F(y(e)) +U(¥(®)) x (a oK. J z}d(w—o (3)

oL _ oY oy ), o .| Of oy _
K‘j{[ayaKJ F(y(e)) +U(y(e)) x [a aKJ ﬂ}d(y)—o (4)

Manipulating equations (3) and (4) leads to the straightforwardclusion that
OEU/OK,,=0EU/0K,. However, an important observation is that a chang&yiand Kag
affects utility not only through its impact on income, but also through its impact on variance of
income (risk). This second effect captures the patkfur increased risk that farmers face when
altering production practices. While potentially important, unfortunately, if is difficult to
anticipate the impact of this term without information on the functional forfr{ef.

3 The Field Experiment
3.1  The Experimental Watershed and an Institutional Framework
Cullers Run watershed was selected as our field experiment site. This stream is a tributary of the

Lost River in the eastern panhandle region of West Virginia, in theNiighes (19958 escribes
this region as having long narrovalieys with a humid, temperate climate. We selected this



watershed based upon three primary considerations: importance of agriculture, small size, and
availability of water data.

Agriculture is an important land use in Cullers Run. The watershed igdbraHardy County,

We s t Virginiaods | ar ge 9qNatiomaloAgiictlturgl StatistiosdSereide,i o n
2005) Sixteen per cent of the watershed is devoted to agriculture of which most land is pasture
or hay land. Row crops comprise only 3.63 per cent of the agricultural laysllynm the
floodplain (Cacapon Institute 2002). The rest of the watershed is occupied mostly by forest.
There are approximately twelve poultry houses conducting intensive poultry production in the
watershed. Much of the local demand for agriculturdilizer is met at a relatively low cost

with manure from this poultry production.

Cullers Run watershed is approximately 2,978 hectares so it is small enough to limit the number
of farmer households that could participate in the project. Small groeprsduces the
information burden on farmers (see Weersatkal. 1998; Ribaudcet al. 1999). Finally, this
watershed was included in a previous water quality study (Cacapon Institute 2002). The data
during this study enabled an evaluation of water quabtyditions prior to the experiment and
allowed for realistic projections to be made about watershed payments.

By selecting a small watershed with available water quality data, it was envisioned that the
transaction costs of developing economic incentfeesNPSP abatement could be kept to a
minimum. The importance of keeping the transaction costs of NPSP abatement mechanisms to a
minimum is wellestablished (se&mith & Tomasi, 1995; McCann and Easter, 1999; Ribatdo

al. 1999; Lubellet al. 2002) Another important aspect of limiting transaction costs is the
institutional framework. Unfortunatelyhe literature provides little guidance in terms of what
constitutes an effective institutional framework for a field experiment like the one being tested
here! In addition, there are novel elements related to this research that priedhae fitting

neatly into existing institutions. Given this context and observations of watershed groups by
Constantz (2000) and Collinst al. (1998), we assembled a research team that was able to
conduct the multdisciplinary work involved with a fiel experiment, and that had a working
knowledge of the people and resource base.

Beginning in December 2006, we held five preliminary meetings to present this field experiment
to farmers in the experimental watershed. Each of these meetings was atternidentizyto

thirty people representing a substantial portion of farmer households in the watershed. Meeting
invitees included local, state, and federal government agency personnel plus the county extension
agent. During these meetings, the experiment wasritbed as a field test of economic
incentives to abate NPSP, and that we would make monthly payments for two years, based on
the quantity and quality of water flowing from the watershed, to farmers who chose to
participate. The length of the project wéater increased to three years.

There were two important outcomes of these meetings: (1) the establishment of a working
relationship between researchers and farmers; and (2) a written contract. This contract was
discussed and revised a number of tim@&sng) the meetings. It serves to clarify the institutional
framework and outlines the roles and responsibilities of both farmers and researchers. Key
stipulations for farmers in this contract are:



. Participation in this project is voluntary and is initétgy signing a contract.

e A participant who has signed a contract can choose to leave the project at any time with no
penalty or further obligation.

e Payments wil.|l be made monthly to 6The Grou
how these monthly panents are allocated among the 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.

e Participants are allowed to berelted in state or federal ceshare programs.

e A participant is able to select which best management practice (BMP) or other management
change to implement in order to impact water quality.

e  Signing a contract does not obligate a participant to impleargnBMP.

Farmers, along with researchers, have difficulty projecting the amount and timing of pollution
reductions resulting from BMP implementation (Patlal. 1994; Bracmoret al. 2006; Arabiet

al. 2007). Thus, risk reduction aspects of this cattiaclude the voluntary aspects of
participation, BMP selection, and BMP implementation. Tiee year time frame of the
experiment may limit participant interest in BMP implementation so cost share participation is
encouraged. In addition, participaritave the ability to control for risk by allocating more of the
monthly payments to those that implement BMPs. The key stipulations for project investigators
include:

o Project investigators are responsible for determining if a potential participdifieguar
participation in the project based solely on the boundary of Cullers Run watershed.

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

o Project investigators will calculateh e amount of each mont hly g
and distribute this payment among participants based on written allocation rules provided
by 6The Groupbo. The amount of the payment
based on a payment formula anites presented to the farmérs.

o Project investigators will setp a water quality and quantity sampling, monitoring, and
testing plan. Participants will be allowed to observe any sampling, monitoring, and
testing being conducted under this plan.

3.2 Developing a Payment Formula

Correctly specifying a payment formula is critical to establishing proper economic incentives for
farmers. A payment formula should have properties that:



. Provide a transparent economic incentive that motivates farmers to phesdesired
behaviors. For the purposes of this experiment these desired behaviors include pollution

abatement §paymentp quality- 0,d paymerit)of quality ] and stream flow
moderation P payment p quantity 0,8 paymefit)o? quantity ].

. Accommodate environmental conditions fairly. NPSP is influenmgdenvironmental
conditions, and regulating stream flow is difficult for farmers. For example, an approach
that penalizes farmers for high levels of pollution after a flood event would be
unpalatable to potential participants.

. Transmit budget informatioto the regulator and the farmers. For example, based on the
payment schedule, the regulator should be able to estimate likely budget outlays, and
farmers should be able to estimate a range of potential revenues from BMP
implementation.

Based on these e properties, we developed a payment formula that allows farmers to evaluate
production of water quality as a market opportunity much as they would any other opportunity.
This formula is shown in equation (5).

qualdyuatment factor (5)

Watershed Paymert volume ofwate( price jx

unit volume

Equation §) states that the watershed payment is the multiplication of three parts: water volume
flowing from a watershed, a per unit price based on water volume, and a quality adjustment
factor. This factor is computed as the pollutant level in a control watkmdiveded by the

pollution level in the experimental watershed. Inclusion of this factor accomplishes two

pur poses: (1) it 6subtracts offé natural b a:
related variations in pollutiorf-or discussions see Shor#é al. (1998 andPoeet al. (2004)

The control watershed is similar tioe experimental watershed except that the control is almost
completely covered with forest. Thus, it was assumed to serve as a vssathiéve, natural

condition baseline for pollution.

We selected nitrathl loading as our indicator of water qualitgdause: its ambient stream
concentration varies more predictably with rainfall than other pollutants, its concentration is
positively related to the extent of agricultural land, and it is a relevant pollutant with respect to
water treatment costs and stne degradatiofMorgan & Nicole, 2001; Cacapon Institute 2002)
However, nitrateN has disadantages of: being present under natural conditions, not being
visible, and residing in subsurface water, thus producing a time lag between when it is generated
and when it contributes to ambient stream concentrations. The adjustment factor acconets for t
first disadvantage, and we provided detailed water testing information to farmers to reduce the
impact of the second. Due to limited information, the third disadvantage remains in the
experiment.



A key issue is how to put this payment formula intorapen so that farmers can visualize
themselves as producers of clean water. Below we describe how we derived the estimates needed
to inform farmers of the payments they could expect.

3.3. Estimating Payments

Estimating watershed payments required twionary steps. The first step was to determine the
minimum water prices that would induce farmers to abate nittafehe second step was to use
these minimum prices along with estimates of stream discharge and water quality to project
monthly farmer paymnts.

Deriving water prices involved estimating stream flow discharges from the experimental
watershed and developing an economic optimization program for farmer behavior. Water prices
were set at a minimum level where implementation of BMPs (in the @drnparian buffer

strips) to achieve nitratd abatement was more profitable than agricultural production. This
work is described in detail in Maille and Collins (2006) and the results are summarized below.

The prices generated by our optimization madelshown in Table 1. They make intuitive sense
from both economic value and pollutant loading perspectives. During the growing seasen (May
September), the discharge is lower due to low rainfall and loading of pollutants is decreased.
Thus, higher per uhwater prices are needed to induce BMP implementation. Conversely, high
discharges and negrowing season leads to lower prices as marginal water values are low and
pollutant loads are higher. By using different prices, payment risk to both landownettseand
regulator is reduced. A sensitivity analysis of the optimization program projected only small
changes in payments between rainfall regimes (Maille & Collins 2006).

[TABLE 1 HERE]

However, when deciding to participate, farmers need an estimateual petyments, not just

prices. Using equation (5), we simulated four years of monthly watershed payments using
estimated discharges based on rainfall data, niatencentrations as proxies for loads in the
adjustment factor, and prices from Table 1le®&nnual average of these payments was $7,721
with a range of $4,593 to $9,400. We also estimated payments based on a 25 per cent reduction
in nitrateN. With this level of abatement the payments were $9,595 annually, ranging between
$5,898 and $11,480. €Ehdifference between the payments with versus without additional
abatement represents an estimated opportunity cost incurred by farmers when they do not abate
NPSP.

3.4. The Incentive Scheme

Underlying our incentive scheme is the right to pollutelionpn equation 5 and the institutional
arrangement summarized in section 3.1. As Ribaudo et al. (1999) show, economic efficiency of
pollution abatement depends upon marginal profit from input use being set equal to marginal
expected damage from inpudauacross all farmers. In order for our incentive scheme to achieve
economic efficiency, a regulator must develop a payment formula such that the marginal

expected damage from input use across all farmers equals the marginal decrease in the watershed



paynment. We find that efficiency under watershed payments can result so long as farmers make
a collective decision to base each individual farmer's share of the watershed payment on that
farmer's pollution contribution tthe stream (Maille and CollirfZ008). Maille and Collins

(2008) also show that when payment shares are not based on individual pollution contribution,
but are equally shared among the farmers, then the watershed payment at efficient abatement is
N times the marginal expected damage, whergtNe number the participating farmers.

Finally, farmers may choose to dedicate a portion of the watershed payment to cost sharing for
adoption of pollution runoffeducing production technologies. This collective strategy is
acceptable to individudhrmers who want to maintain current levels of input use (particularly
fertilizer) and agricultural production while still addressing pollution. However, economic
efficiency under this approach does not seem to be technically feasible to achieve, and a
regulator is faced with the problem of overpayment to farmers at efficient abatement (Maille and
Collins 2008). The result is that the economic efficiency envisioned under pure tax or subsidy
incentives may not be strictly achievable with watershed paymés farmers are allowed to
collectively decide how to allocate these payments among themselves. However, this loss in
theoretical efficiency is offset by allowing for meaningful farmer decisnaking, thereby
enhancing farmer "buin" to our incentivescheme and motivating their interest in addressing

the pollution problem.

4 Results: Post Sigrup Experienceto-Date
4.1  Modeling

How closely did estimated payments approximate actual payments? This question has important
practical implicationsd anyone considering implementing a field experiment like this one. Table

2 compares estimated versus actual payments. Estimated payments are the average payment for
that month over four years of simulated payments. The actual payments are based on direct
measurements of watershed discharges and nitrégeds during 2007.

[TABLE 2 HERE]

We see that actual discharge and the adjustment factor in April were very close to the estimates.
Since April, rainfall, and consequently discharge, has fallen wellbai@ragé. In the face of

this decrease, higher prices and adjustment factors helped to maintain payment levels, and
therefore incentives, close to those based on preliminary estimates. Over the first three months of
the project, actual payments were 8848% higher than simulated the payments.

4.2  Farmer Response

Farmers were able to sign a written contract to participate in the experiment beginning 1 April
2007. To date, a total of fourteen farm households have signed a contract. As a group,
participating farmers have made two important decisions: (1) allocation of watershed payments;
and (2) a request for a watershedie sampling to ascertain sources of nitfdteTheir
innovative payment allocation involved: (a) a $50 signing bonus to each geantic{b) 10% of
each monthly payment is to be distributed equally among all participants, (c) the remaining 90%



is reserved to financially assist farmers who engage 4nitddte abatement, and (d) any
remaining funds at the end of the year are to be paidas a bonus to all participants. This
allocation addresses issues of risk from BMP implementation by individual farmers and provides
immediate rewards for participation. The results of the watensil nitrateN sampling were
presented to farmers atJune 2007 meeting. These results agreed with prior water quality data
that showed the majority of nitrabé originated from the lower section of the watershed.

The fourteen participating farmer households own or operate approximately 32% of the 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
row cropping takes place. In this section, about 5% of the land isdwn operated by one
participating farmer. In the upper section, hay fields and pasture predominate. Participating
farmers operate on approximately 34% of the land in this section. Based on hectares, a simple
Chi-squared test of independence indicates the likelihood of a given hectare of land being
included in the project is not independent of location (p<0.01). Our interpretation is that
farmland in the lower section is significantly less likely to be enrolled in the project than
farmland in the uper sectiorf.

Figure 1 helps us explain why farmers who own or operate farmland in the lower section of the
watershed are less likely to have signed up for the projedtl Eepresents the pifeeld
experiment frontier of minimum variance levels that barachieved at given expected incomes.

The tangency point OAO6 represents the highest
can achieve given the tradéfs that exist between expected income and variance.

[FIGURE 1 HERE]

E-V2 represents a&hift in minimum variance due to new farm production possibilities that
increase risk (income variance) more than exp
has shifted upward and to the left. Such a move would represent a decrease gddrpente

and an increase in variance, thereby decreasing expected utility. Conversel3ahif is the

result of adding production possibilities to a farm that reduce income variance. A rational
farmer és opti mal c h oi c eeirtlis case wpoeld ghiét downward andne a n
to the right resulting in a higher expected u

This framework may shed light on the differences in participation that we observe between
farmers in the lower section versus the upper section afdtershed. In the lower section, row
cropping occurs on productive soils adjacent to the stream and farmers use more fertilizer inputs.
We postulate that these farmers consider participation in this experiment, and any resulting
NPSP abatement, as likelp increase risk for them given that participation may lead to
decreases in fertilizer use. Such a reallocation of inputs could representv2nsltft by
increasing their minimum possible variance levels due to an increase in farm income variance
overwhelmng any additional water quality income. Even though participating farmers are not
required to implement BMPs, farmers in the lower section may anticipate social pressure from
the other participants reduce fertilizer use thereby incurring additionalrriskder to reduce
nitrate-N.

1C



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 NPSP abatement strategy is the
construction of storage sheds for poplinanure used as fertilizer. While these sheds can be
costly to build, government ceshare 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. Therefore, we propose that farmers in the upper section face a situation more like that
of the shift from point O0OAO6 to O6Cd when deci
Without having to face the possibility of abatement that could alter phettuction processes,

for them the experiment represents a means of earning a small amount of additional income with
few production risk consequencesThus, we observe that farmers in the upper section
participate at greater rates.

5 Conclusions

We ae encouraged with the sigip results to date. Orthird of the land in the watershed and

about one half of farmers attending the meetings are participating in the experiment. Payments

for water quantity and quality are being made to farmers based onmmeepagllocation scheme

that they devel oped and approved. At the farm
watershed has taken place, and this has already led to one farmer initiating NPSP abatement. To
facilitate information sharing betweeasearchers and farmers, we have a project weébsite.

date, no group decision has occurred with respect to cost sharing from project funds for NPSP
abatement. We expect this to be the next significant action in the experiment.

Looking at our behaviorainodel and empirical results, our initial results seem to support the
model and accompanying-\E framework. The framework encompasses income risk and
expected utility in a way that we can use to sharpen the focus on tradeoffs that farmers make in
choosingbetween payments for water and NPSP abatement. We will work to confirm the
usefulness of this model with additional data as the experiment proceeds.

Given their low participation rate, a practical research question involves how to bring farmers in
the lower section into the experiment. To the extent that Figure 1 correctly represents the
directional impacts of this project on expected utility, it gives us a basis for evaluating the
payment allocation between farmers. For example, this may provide aalatfon allocating a
greater share of the payments to farmers in the lower section. We can also investigate the role
that information on soil nutrients may play in determining farmer response. For example, Feather
and Amacher (1994) find that informati@an increase farmer willingness to adopt BMPs. A
potentially relevant example is presentedHoglie and Bosch (1995They determined that corn
farmers decreased fertilization rates when provided with information from soil tests indicating
that they could fertilize less without intratlog additional production risk. In an-\&
framework, such information serves to alter farmer perceptions of\arréntier shift due to
participation from a leftward shift to rightward shift, resulting in expected utility gains rather
than losses.

Finaly, our hope is that by sharing this approach and early work we will stimulate additional

discussion and research on the promising area of payments for environmental services (PES). In
developing countries, the use of PES is increasing (see Mayrand & RP&{4;Wunder 200Y.
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Our experiment resembles PES although, rather than paying for cormenveguts, such as
hectares of forest conserved, we are paying for a conservation output, clean water. Segerson and
Miceli (1998) list three potential benefits to ouginatsed voluntary environmental agreements:

they encourage practive cooperation; theprovide freedom to find costffective solutions

tailored to circumstances, and they meet environmental targets more quickly. Given these
advantages, we think that PES programs should strive for payments based on outputs rather than
inputs. We suggeshat the case for an outpbased approach is strongest when the desired
outcome can be readily measured, such as in our experiment where water flows andll nitrate
loads at the bottom of the watershed form the basis for monthly payment calculations: Input
based payments may be more appropriate when desired outcomes are more difficult to quantify
as with biodiversity conservation and climate change mitigation.
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Table 1: Water Prices

May through September October through April
Monthly Discharge Dollars  per| Monthly Discharge Dollars per Acre
(acrefeet) Acre-Foot (acrefeet) Foot
Up to 320 18 Up to 740 8
321-800 8
Over than 800 5 Over 740 °
Table 2: Monthly Watershed Payments
Actual Simulated
Month | Adjustment | Discharge | Payment Adjustment | Discharge | Payment
Factor (acrefeet) | (%) Factor (acrefeet) | (%)
April 0.23 1076 1,128 0.20 1228 1,234
May 0.38 140 978 0.13 241 328
June 0.36 58.6 382 0.25 369 724
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Figure 1: Shifts in the EV Frontier

— E-V1
—E-V2

—E-V3

Variance of Income

Expected Income
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Notes:

Notable exceptions are presented Wynder (2007)and Mayrand and Padguo (2004)

who summarize field research on payments for environmental services, which takes place
mainly in developing countries. While informative, this does little to shed light on the
practical aspects of instituting a program to abate NPSP in a dedetopntry.

The payment formula in the contract is equation (5) and the prices are presented in Table
1 of this report.

Although Hardy County is not included, the Governor of West Virginia placed most of
the State under a drglit emergency in June 2007.

Use of this test assumes that each hectare is a separate management unit, which is not the
case. Rather, land ownership is grouped by tracts ranging from 15 to more than 320
hectares in size. We also conducted a test fiegandence between farm location and
participation based on all farmers who attended a preliminary meeting. This test was
significant (p=0.05) indicating that participation and farm location were not independent.

As anecdotal evidence, one participgtifarmer in the upper section has applied for
federal cosshare assistance to construct a manure storage shed. He did this in response
to the watershedide sampling results showing that his farm was located in a sub
watershed with a higher than averageate-N loading on a per hectare basis.

This website can be accessed at http://www.cacaponinstitute.org/wvunri.htm.
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